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Foreword 


On June 16 of this year it was my 
privilege, as President of the Wenner- 
Gren Foundation for Anthropological 
Research, to e^xtend welcome to the 
seventy illustrious participants assem¬ 
bled in Princeton, New Jersey, for the 
International Symposium on “Man*s 
Role in Changing the Face of the 
Earth.” The opening ceremonies, which 
incliidt'd addresses of welcome from 
Dr. C. E. Sunderlin, Deputy Director of 
the National Scicmce Foundation; Dr. 
Harold W. Dodds, President of Prince¬ 
ton University; and Dr. Axel L. Wen- 
ner-Gren, marked the culmination of 
nearly three years of planning that 
made possible the Symposium and this 
volume. 

The Wcmner-Ciren Foundation, ever 
since its establishment in 1941, has 
liecm unic|uely concerned with render¬ 
ing aid in the advancement of anthro¬ 
pology as the study of man. Over the 
years, the Foundaticm’s program has de¬ 
veloped simultanc’ously along three 
broad fronts. First, and largely, it has 
directly assisted (mostly professional 
anthropologists) through fellowships 
and grants-in-aid, publication subsidies, 
and sponsorship of conferences and 
seminars and by making possible pro¬ 
fessional stocktaking, as in the Inter¬ 
national Symposium on Anthropology 
held in New York in June, 1952, result¬ 
ing in the three volume's. Anthropology 
Today, An Appraisal of Anthropology 
Today, and International Directory of 
Anthropological Institutions. Second, 
the Foundation has been constantly on 
the search for new ideas and techniques 
developed in other fields capable of 
contributing to .solutions of anthropo¬ 


logical problems; examples of this are 
the Foundation's postwar program of 
loans of field equipment and its pioneer 
aid in the application of the radioactive 
carbon theory to the problem of abso¬ 
lute dating in archeology and paleoan¬ 
thropology. Third, the Foundation has 
been concerned with broadening the 
bases of public support of anthropology 
through disst'inination of the results of 
anthropological research and through 
diffusion of anthropological theory, 
methods, and knowledge into other 
fields of science; examples of this have 
been the organization and publication 
of such symposium volumes as The 
Science of Man in the World Crisis, 
Ideological Differences and World Or¬ 
der and Most of the World. 

This Symposium and volume on 
“Man’s Rolt? in Changing the Face of 
the Earth” reflect the second and third 
facets of our program. The Foundation 
has long been aware that one of the 
ways in which scholars move toward 
theoretical and conceptual ordering of 
man’s know'ledge of himsedf and his 
W'Orld is by synthesis, transcending the 
limits of present disciplines or branches 
of science. The Foundation’s purpose 
through the present undertaking has 
been to further the recombination and 
synthesis of available and new knowl¬ 
edge*, looking toward the development 
of a more comprehensive science of 
man. 

The subject of the Symposium was 
the idea of the Foundation’s Assistant 
Director, Dr. William L. Thomas, Jr., 
who also acted as organizer and is the 
editor of this volume. The Foundation 
is indexed grateful for this opportunity 



Foreword 


to express publicly its appreciation of 
the vision and zeal of Dr. Thomas. 
Grateful thanks are also due t(3 him for 
his devoted and significant contribu¬ 
tions and tireless splendid efforts in his 
multiple activities in connection with 
this Symposium. We wish fo express, 
too, our feeling of profound gratitude 
to the three senior sehola rs—Professoi s 
Carl O. Sauer, Marston Bates, and 
Lewis Mumford—who so willingly and 
ably aided the Symposium’s develop¬ 
ment. The co-operative assistance of 
the National Science Foundation, 
whose grant-in-aid of publication sub¬ 
sidy made possible this volume, is 
greatly appreciated. 

The Foundation was fortunate to en¬ 
counter a number of persons with alert, 
able, and active minds interested in a 
common problem and invated them to 
come together that they might benefit 
by stimulation from one another. In a 
setting that encouraged men to speak 
easily with one another, many minds 
ioarned what others wore thinlcine. Tlie 
Symposium, in attomptinir to survey the 
•state of knowledge of a topic touched 
only ,n piecemeal fashion by individuaJ 
disciplines, provided a focus of interest 
for persons with different theoretical 
and descriptive backgrounds. 7’he ques¬ 
tion explored was: What has been and 
IS, happening to the earth's surfare as 

a ng time, increasing in numbers and 

The story of mankind may be con¬ 
sidered as man’s own exploration of the 


various physical and biological condi¬ 
tions on the earth’s surface as a re¬ 
sult of the elaboration of human needs, 
capacities, aspirations, and values. 
Three interrelated factors art' in\'olved: 
(1) the earth’s resources; (2) the nu¬ 
merical pressure of population upon, 
and sustained by, the resources; and 
(3) man’s differing cultures, or wavs of 
life. Understanding these relationships 
involves knowledge of values, equip¬ 
ment or artifacts, and of the social or¬ 
ganizations by w'hich people group 
themselves, function, and interpret rt'- 
sonrees and tht'ir use. Cultural develop¬ 
ment may be \ ie\v’ed as man’s growing 
knowledge of, and control over, force's 
external to himst'lf. By increasing his 
rangt^ of action, man has intervened 
more and more in the rest of the organ¬ 
ic w'orld. Man s evolutionary dominance 
seems assured-only h<' himse'lf can 
threaten it. Man has supplemented or¬ 
ganic evolution wdth a new method of 
change—the developirumt of culture, 
the transmission of organized experi¬ 
ence, retained, discarded, or altered bv 
further experience*. 

The Foimclafion's interest in calline 
fills Symposium, therefore, is anthre^ 
pofogy’s own-to keep abreast of all the 
mi-aris at man's disposal to aflFect de¬ 
liberately or unconsciously the course 
ot his own evolution; in this case, what 
man has (lone, and is doing, to change 
the environment on 

Paul Fejos 


New York Cn y 
I^'vt'mher 13, 1955 
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Introductory 

About the Symposium 
About the People 
About the Theme 


“Man’s Role in Changing the Face of 
the Earth” is many things. It is part of 
the historical reality of tlie earth during 
its latest phases, which has witnessed 
the presence of man. It is an idea or 
theme of which man, conscious of him¬ 
self and his activities, has become in¬ 
creasingly aware and which has been 
touched upon in one or another aspect 
by scores of scholars through the ages. 
It was an international symposium, or¬ 
ganized by the W(?nner-Gren Founda¬ 
tion for Anthropological Research, and 
held at the Princeton Inn, Princeton, 
New Jersey, June 16-22, 1955. And, 
lastly, it is this volume, which treats all 
the above through the writings of lifty- 
three contributors and a report on the 
Symposium discussions of the seventy 
participants. 

ABOUT TOE SYMPOSIUM 

The development of an interdisci¬ 
plinary symposium with interniitional 
participation is a study in organized 
complexity. Active planning began in 
the fall of 1952, and a full year was 
spent in research on the theme, in for¬ 
mulating a statement of the significance 
of the symposium idea, in drafting a 
tentative program and roster of possi¬ 
ble invitees, and in consultation with 
more than forty scholars in and out of 
New York City. In October, 1953, the 
proposal for a symposium was placed 
before Professor Carl O. Sauer, then 
Chairman of the Department of Geog¬ 


raphy, University of California, Berke¬ 
ley, with the request that he serve as 
Symposium Chairman. We first met for 
prolonged discussion in Tucson, Ari¬ 
zona, during the annual meeting of the 
American Anthropological Association 
in December, 1953. It was agreed that 
the Symposium’s purpose was neither 
to propose an action program nor to 
pass resolutions. We did not want it to 
get lost in elegant verbal acrobatics nor 
to have it run into the shoals of statis¬ 
tics, except as they might be valid il¬ 
lustrations. The participants were to be 
selected for their common interest and 
curiosity about what man has been do¬ 
ing to and with his habitat. To be in¬ 
cluded was the historical course of ac¬ 
tion by which man had come to be 
where he is. 

The web of planning and consultation 
during the winter and spring of 1954 
expanded to include sessions with Pro¬ 
fessors Edgar Anderson, Marston Bates, 
Stephen Jones, Lewis Mumford, Paul 
Sears, and Sol Tax. “Round-robin” ex¬ 
changes of correspondence were volu¬ 
minous. It was agreed that no effort 
would be spared in attending to the 
proper amenities and the comforts of 
the participants. In seeking to encour¬ 
age the fullest possible exchange of 
ideas, there should be a minimum of 
limitations to communication inherent 
in group activity. But it was further 
recognized that the primary objective 
was not education of the participants 
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through interaction of personalities and men for the various half-day discussion 

,•1 ? . 11. . . r 1 _ r - ». ... 


ideas but publication of a rec ord of the 
Symposium in a permanent form, so 
that the ideas expressed might reach a 
larger audience and be a\'ailable to 
scholars in oncoming genc^rations. 

Responsibility for thinking toward 
this primary objective led to outlining 
not a conference but a volume. \s with 
Anthropology Today, which resulted 
from the 1952 International Symposium 
on Anthropology, titles for chapters 
were suggested. The chapters were to 
be written as factual accounts, inv'en- 
torics, or data papers. Each chapter was 
to be oriented around a certain body of 


sessions; and thirdly in terms of a skel¬ 
etal framework of session themes that 
would only roughly sketch in a program. 
I'his latter would be a guide for the di¬ 
vision of effort among chairmen, with¬ 
in w'hich they would have the fullest 
latitude for the conduct of their respec¬ 
tive sessions. 

The function of the background pa¬ 
pers for the Symposium w^as to provide 
common knowledge to all participants 
in advance of their gathering together. 
The Symposium, however, could choose 
to ignore the papers entirely, discuss 
them all in detail, or pick and choose as 


j. . „ ,-:../ iJc-iHii, or picK ana cnoose a 

rn T I’ primary intent it pleased. The background papers sim 

to bnef or to inform others who are ply were to "be there,” without any 


aware of, but not expert in, the field be¬ 
ing surveyed. Taken together, these 
chapters were to provide a common 
ground of factual data for persons who, 
in their approaches to the central 
theme, had come along many different 
p^ths not necessarily with previous in- 
ttrsections. Having been written prior 
to the Symposium, the chapters w^ere to 
be preprinted and circulated to all par¬ 
ticipants for study before their depar 


thought that papers rather than people 
constitute a symposium. The challenge 
to the Symposium was to rise above the 
level of the content of the papers into 
the realm of ideas-the next higher 
realm of abstraction, as it were-dcaling 
not with the recitation of facts or with 
the exchange of anecdotes but with the 
coiyunction of thoughts. The resulting 
publication w^as to contain two things* 
first, the background papers, each au- 


turefromthebhomcTfhe oW^^^^^ 

these background papers was to free the • ^ non-special- 

the ists by a key scholar at home in his field 


.. j ^ ^ - YYct.'t Lu lice me 

limited Symposium time for full discus¬ 
sion of ideas and to prevent its being 
bogged down by formal reading of pa¬ 
pers heavi y weighted with factual data 
and intended as exchanges of informa- 
non. 

The Symposium itself was to be 
structured only loosely. A foundation 
by planning can provide only opportu- 
y and setting. The creativity of a 
symposium lies in the hands of its par 
ticipants Speakers having the floor 
could talk about what they wished, re¬ 
gardless of what subject might be listed 

was' ^ympoSm 

ZZ principally in 

terms of the people whom it would be 
desirable to bring together for a week- 
secondly in terms of a handful of chair- 


and, second, an edited version of the 
Symposium discussions-a report on the 
thoughts given expression while the 
group was assembled. 

, 1954, Sauer proposed a 

threefold division for the Symposium- 
Retrospect,” "Process,” and “Prospect” 
-and suggested that there be three co- 
chairmen corresponding to each of 
these views of the Symposium theme. 
Sauer assumed the task for “Retro- 
spect ; Bates and Mumford accepted 
his invitations to share the co-chairman- 
ships for Process” and “Prospect,” re¬ 
spectively. Once the general outline of 
the Symposium had been drawn and a 
rostCT o invitees had been developed 
the Foundation, on behalf of its Board 
ot Directors, began to extend invita- 
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tions to participants in early June, 1954. 
The invitations proposed a meeting in 
June, 1955, outside of New York City, 
intended as a gathering of some of the 
world's best minds in a congenial at¬ 
mosphere for recorded discussion lead¬ 
ing to eventual publication for the ben¬ 
efit of the world of scholarship. Ex¬ 
penses of first-class transportation to 
and from their homes and a sum for 
personal expenses, as well as provision 
for the stay during the Symposium, 
were to be provided by the Founda¬ 
tion. An appendix to the invitation let¬ 
ter listed tlie invitees and, by way of in¬ 
troduction, their positions, institutional 
affiliations or addresses, and the titles 
and dates of several publications of 
each. 

More than two-thirds of those in¬ 
vited were asked to pre pare a back¬ 
ground or data P‘*per on a suggested 
topic, such paper to be submitted not 
later than March 15, 1955. It was 
pointed out that papers would be pub¬ 
lished in full and would be distributed 
to all participants in advance of the 
Symposium but would not be read 
aloud. Also, a copy of the published 
volume and fifty reprints of his chapter 
would be furnished each author. An ap¬ 
pendix to the invitation letter gave ad¬ 
ditional details about the background 
papers. Discussion was invited of an au¬ 
thor's views of a better phrasing of the 
proposed title of his paper. (Twenty- 
three chapters have been retitled in ac¬ 
cordance with their authors' sugges¬ 
tions; three authors eventually wrote on 
subjects other than those proposed.) As 
guidance for relating each paper to the 
Symposium theme, the planning group 
included a list of subjects that each au¬ 
thor might consider for inclusion in the 
content of his paper. An optimum 
length of eight thousand words (ex¬ 
clusive of a list of “References”) was 
proposed for the papers. With tliis lim¬ 
itation, obviously no paper could at¬ 
tempt to summarize existing factual 


knowledge. Rather, the contri]>uted 
chapters were to be looked upon as 
evaluations of the state of knowledge 
of the topics considered, keeping in 
mind as a purpose the stimulation of the 
next generation of research scholars. 
What are the known problems? What 
special strategy is called for in planning 
research? What are the topics and areas 
principally in urgent need of additional 
investigation? It was further suggested 
that, whereas all articles would deal 
with the qualitative eflFects of man’s 
working and living in different parts of 
the world, perhaps some authors would 
wish to consider the quantitative effects 
of man on the landscape. How much 
has man changed the earth's surface? 
How fast is he changing it? How rapid¬ 
ly can he restore it if his changes have 
proved unwise or are now considered 
obsolete and replacement is desired? 
Perhaps an approach in terms of total 
amounts and rates of change would pro¬ 
duce much more information and in¬ 
sight than would a purely qualitative 
approach. 

Between June, 1954, and March, 1955, 
ninety-seven invitations were extended, 
and seventy-six acceptances were re¬ 
ceived. During the fall of 1954 several 
memorandums were sent to partieij^ants 
as aids and as reminders of the tasks 
ahead. In October the place of the Sym¬ 
posium was announced as the Prince¬ 
ton Inn, Princeton, New Jersey, and the 
dates as June 16-22, 1955; a revised 
program and roster of participating 
scholars were included. In November a 
guide to contributing authors of back¬ 
ground papers advised of the format, 
style for footnotes and bibliography, the 
inclusion of illustrative material, layout 
of title page and biographical state¬ 
ment, and manner for ordering author's 
reprints. In December information was 
given on the transportation and per¬ 
sonal expenses to be furnished each par¬ 
ticipating scholar. 

In December, 1954, through the 



x\iv Introductory 

award of a grant>foi-publication sub- soven of the fifty-three background pa- 


sidy, the National Scicaicc' foundation 
of the United States joined in the spon¬ 
sorship of the Syniposiuni. This exprexs- 
sion of recognition einpliasized tlie 
truly broad interest of the Syinp<^.siuni 
theme for almost all fields of seitaicx'. 
Application to the Department of State 
for designation of the Svmposjuin as an 
exchange-visitor program in order to fa¬ 
cilitate entrance of fort^ign scholars into 
the United State's u as made in Decem¬ 
ber, 1954; notification of such di'signa- 
tion and the assignment of serial num¬ 
ber P-1974 were rc'ceived in April, 1955. 
In May, 1955, a contract was negotiated 
with the University of Chicago Press 
for publication of the volume to ema¬ 
nate from the Symposium. Funds re¬ 
ceived from the National Science Foun¬ 
dation grant were held in a separate 
account and then transmitted in full to 
the Universits^ of Chicago Press in Oc ¬ 
tober, 1955. 

The first public announcement of the 
Symposium meanwhile had appearc'd 
in Science, on March 11, 1955 (CXXI 
No. 3141, 3o6—57). Other announce¬ 
ments appeared soon after in the Brit¬ 
ish journals Nature and Man. Thc' first 
background paper;, were mailed to all 
participants in early March; four pack¬ 
ages m all were sent by mid-May Forty- 


pers were received by participants for 
study in advance of the Symposium; 
four others were distributed upon ar¬ 
rival; the remaining two were rc'pro- 
duced and distributed at Princeton from 
manuscripts delivered by their authors 
upon arrival at the Symposium. A .spe¬ 
cial paper on “Princeton and Envirems” 
provided information on travel to 
Princeton and described the local area 
and its points of interest. Six scholars 
w^ho contributed background papers 
could not attend the Syinposiurn meet¬ 
ings; thus the participants totaled 
seventy. The Symposium met for six 
working days, on each of which two 
three-hour sessions were lu'ld. On the 
ev^ening prior to tlie Symposium’s open¬ 
ing, a dinner in honor of the visiting 
scholars from outside* the United States 
w'as attended also by the Sv'inposium 
co-chairmen and chairmen of the indi¬ 
vidual half-day discussion s(\ssions. At 
this pre-Symposium meeting all chair¬ 
men had the opportunity to exchange 
information on the e.vpocted nature of 
their sessions. A briefing was given on 
the arrangc'incmt of the meeting room 
and on problems of rc'cording, and 
questions on procc'durc? were answc'red. 

The Symposium program was as fol¬ 
lows: 


Thursday, June 16 

INTRODUCTION 

f SESSION: THE SYMPOSIUM THEME 

Welcome fro:n the VVenner-Gren Eou„da.t„n-DB, P... F.;os Li- 

«-on-DH. C. E. 

Do-. I’-i- 

Introducing the Symposium Co-Chairmen: 

PropeSor MrBSTON‘'Brras California 

Professor Lewis Mompord > of Michigan 

Th. 

emarks of Appreoiatio„-D„. Axee L. Wenner-Grek 
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RETROSPECT 

1:30 p.M. MAN’S TENURE OF THE EARTH 
Chairman; F. Fraser Darlinc; 

Eruhitf, June 17 

9;()() A M. SUBSISTENCE ECONOMIES 

Cliairman: Ai.kxandkr Spokhr 

2:00 p.M. COMMERCIAL ECONOMIES 

Chairman: Pai i. B. Sfars 

Saiurcliiif, June 18 

9:00 A.M. INDUSTRIAL IUlX’OLUTJON AND URBAN DOMI¬ 
NANCE 

Cliairman: Kknxkth Bopldinc 
PROCESS 

2:00 p.M. TECHNIQUES OF LEARNING: THEIR LIMITATIONS 

AND FIT 

Chairmen: Eik;ar Axdi.rson" and Son T.ax 

Monduxf, June 20 

9:00 A.M. C:HANGh:S IN PHYSICAL PHENOMENA 
Chairman: Ai.an M. Batemax 

2:00 p.M. CHANGl'.S IN BIOLOGICAL PHENOMENA 

Chr'innan; M ar.stox Bates 

PROSPECT 

Tuesday, June 21 

9:00 A.M. LIMITS OF THE EARTH: MATERIALS AND 
IDEAS 

Chairmen: |()sepii H. Wi^lits and I^ester E. Klimm 

2:00 p.M. MAN’S SELF-TRANSFORMATION 

Chairman: I^FWis Mumford 
Wcdnesdaif, June 22 

9:00 A.M. THE UNSTABLE EQITILIBRIUM OF MAN IN NA¬ 
TURE 

Chairman; Harrison Brown 

SUMMARY REMARKS 

2:00 p.M. RETROSPECT-Carl O. Saufr 

PROCESS— MARSTON Bates 
PROSPECT— Lewis Mumforii 

The Synipo.siuiTi “Program and Caleii- and of tlu' Princeton University campus, 
dar of Events” listed the daily program, and a roster of the Foundation’s Board 
the background papers (by number, of Directors, officers and staff, and the 
title, and author), a roster of Syrnpo- Symposium co-chairmen and staff, 
sium participants (by name, affiliation. The Symposium meeting room and 
and Symposium role), a floor plan of office, rooms for all participants except 
the Princeton Inn, pertinent information those living in the immediate vicinity, 
concerning Symposium procedure, in- and meals were provided for within the 
formation on personal arrangements Princeton Inn. Extracurricular activities 
and local facilities, maps of Princ€*ton in New York City included a theater 



XXVI 

prograiTi on Saturday night and eitlier 
a sight-seeing cruise around Manhattan 
Island or a doubh'-header baseball 
game on Sunday aiternoon. The last 
cvenine!; was de\'oted to a farewell ban¬ 
quet for all Svniposiuin jiarticipants, at 
which Proh'ssor Saiu'r was presented 
with a silv’^er tea sc'rvict* and an illumi¬ 
nated scroll signed bv all who attended. 

Prior to the Svnij^osiiun ineetin<T all 
background papt'rs had be^ai edited. 
An editorial olUcr was established at 
the Princeton Inn, and, during the week 
of the meeting, two editorial assistants 
consult'd with the authors of back¬ 
ground papers, to discuss such matters 
as amendments in submitted manu¬ 
scripts, verification of biographical 
statements, and signing of consent-to- 
publish agreemcmts. All Symposium dis¬ 
cussion for the full six dav^s was re¬ 
corded; the full transcript of this record¬ 
ing was prepared in mimeographed form 
totaling 1,093 pages. Bound copies (in 
tin-ee-volume sets ) of this transcript are 
in the Foundation s office* and were pre¬ 
sented to each of the three S\'mposiinn 
eo-chairrnen. The co-chairmen edited 
their “Summary Remarks’" of the closing 
session on the basis of tlu^ mimeo¬ 
graphed transcripv and a tape record¬ 
ing of their remarks that were provided 
thern. A report of the Symposium dis¬ 
cussions, based upon the? recorded tran¬ 
script was prepared by the editor. Each 
session chairman was^providc'd a copy 
of the transcript and of the editor’s re¬ 
port of his respective? session. 

The illustrated background papers 
and the edited report of the discussions 
toge^ther comprise the contents of this 
volume. The intende’d audie'nce for this 
work is nothing le^ss than the vast num¬ 
bers of the^ human kind in the “rest of 
the world,” now and to be, outside of 
Princeton in June, 
1955,^ whe n those who shared one an¬ 
other s company provided its substance* 
and gave it birth. 
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ABOUT THB: people 

An)^ program of such scope and mag¬ 
nitude as has been described could have 
been made possible only by the enthusi¬ 
astic co-operation of a host of individ¬ 
uals. 

Whatever value this volume may 
have stems from the ce^mbined e'fforts 
of the sevemtv Symposium participants 
(listed on pp. ii and 1153-55), the fift)"- 
three contributing authors, the thirteen 
seliolars who chaired various parts of 
the Symposium discussions, and the 
three Symposium co-chairmen. After 
the Symposium, and following return to 
fhc‘ir homes, the participants' uTote to 
us appreciative hitters of thanks. But 
we of the Foundation know that to act 
as host is to be but a catalytic agent; 
the acti\’e ingredients in the Symposium 
reactiem were the' working participants. 
We look back with fond memory on 
having met so many interesting and 
wonderful people. The reader and edi¬ 
tor alike are indi'btc'd to tbt'm for bav- 
ing provided the content of this volume. 

The seventy participants, after having 
bc‘en selected for tlieir cpialities as indi¬ 
viduals, turn{‘d out to have backgrounds 
or specializations in some tAvenh^-four 
different conventionally defined disci¬ 
plines, from anthropology to zoidogy. 
Broadly classified, about 40 per cent 
were in the field of earth science, 28 
per cent in the biological sciences, J2 
per cent in the social sciences and (he 
humanities, and 20 per cent in applied 
fields (administration, city planning, 
etc.). Fourteen came from nine coun¬ 
tries outside the United States (Cana¬ 
da, England, Scotland, Northern Ire¬ 
land, Belgium, Germany, Egypt, Israel, 
and India), Sixty-five per "cent were 
associated with universities; 35 per cent 
represented private institutions, indns- 
tr/, and government. 

In their institutional roles, the Board 
of Directors of the Wenner-Gren Foun¬ 
dation for Anthropological Research 
and the National Science Board of the 



Introductory xxvii 


National Science Foundation are to be 
thanked for their allocations of funds 
in support of the Symposium—its organ¬ 
ization, meeting, and preparation for 
publication and its publication, respec¬ 
tively. Dr. Axel L, Wcnner-Gren, the 
Founder, and Dr. Paul Fejos, President 
of the Wenner-Cren Foundation, to¬ 
gether with Dr. C. E. Sunderlin, Deputy 
Director of the National Science Foun¬ 
dation, participated in the opening 
ceremonies. Professors John W. Dodds 
and F. S. C. Northrop, members of the 
Board of Dirc^ctors of the Wfumer-Gren 
Foundation, and Dr. Harry Alpert, 
Program Director for Anthropological 
and Related Sciences of the National 
Science Foundation, participated in all 
Symposium sessions. 

We arc grateful to Dr. David I. Blu- 
menstock, then of Rutgers Univc?rsity, 
for preparing the special booklet on 
“Princeton and Environs,” from which 
every Symposium participant benefited 
with inft)rmation in advance of arrival. 
The Princeton University Library, 
through the good offices of Dr. William 
S. Dix, loaned many rc.’fcrence volumes 
on New Jersey and the Princeton com¬ 
munity which were available for con¬ 
sultation by all participants. Dr. Robert 
Cushman Murphy made memorable 
one evening at Princeton by presenting 
color slides and film on “The Guano 
Islands of Peru.” 

From the very inception of the plan¬ 
ning of the Symposium, the editor has 
had the secretarial assistance of Mrs. 
Jean S. Stewart. She is the only person 
other than the editor who daily has 
witnessed and tended the tran.sforma- 
tion of an intangible idea into this mas¬ 
sive volume. During the past year, since 
the arrival of manuscripts of the back¬ 
ground papers, she has doubled as edi¬ 
torial assistant. The completion of this 
volume is a monument in testimony to 
her faithful and steadfast devotion over 
the last three and a half years. Assisting 
during brief stages in the planning 


phase were Misses Susan Davis and 
Nancy Silbowitz. 

The Symposium staflF at Princeton 
drew in part upon those regularly em¬ 
ployed by the Foundation. Miss Alice 
Uchida (now Mrs. Wasserman) super¬ 
vised the reception desk and acted as 
office manager, while Miss Joyce De Po- 
desta and Mrs. Joyce Mendelsohn 
served as meeting-room attendants and 
assisted in office duties. Needless to say, 
behind the scenes, the entire staff of the 
Foundation contributed directly or indi¬ 
rectly to the development of the Sym¬ 
posium and tlie realization of its goal. 

From June through August, 1955, we 
were fortunate to have the services of 
Mr, Frederick J. Simoons, a doctoral 
candidate in the Department of Geogra¬ 
phy at the University of California, 
Berkeley. His co-operative assistance 
during the course of the meetings was 
invaluable and his functions many; 
principally, though, he insured the ac¬ 
curacy of the discussion transcripts by 
identifying speakers and checking the 
spelling of proper names, foreign words, 
and technical phrases. After the Sym¬ 
posium and back at the Foundation’s 
offices, the transcript of all the discus¬ 
sion sessions was corrected before 
mimeographing by playback of the tape 
recordings; also, he spent considerable 
time in library research on the material 
presented in the section that follows: 
“About the Theme.” 

TliC editorial assistants at Princeton 
were Mrs. Stewart and Miss Anna M. 
Pikelis, formerly a Foundation staff 
member and at that time at the Univer¬ 
sity of Chicago and an editorial assist¬ 
ant for the American Anthropologist, 
Together with the editor, they had 
previously read and marked all back¬ 
ground papers; between them they con¬ 
ferred with all the authors present at 
Princeton and arranged for the approval 
of the corrected edited version of the 
manuscripts to be forwarded to the pub¬ 
lisher, the University of Chicago Press. 
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Miss Nancy Silbowitz spent ' 

summer months of 
libraries in New \ork C -iK 
completing hibliograj)!i i c 
Wikssenriim:. Afrs. Jean Sh’.'.’' - 
Miss Silbowitz Inivr son cd 
post-Syinpnsi.iiJi clerks and 
copyreaclers, anci prooiicudcrs. 1 he skill 

of Mr, Felix M, Kger in iinaiiging the 
microphones and controlling tlu* recoid- 
ing devices insnied that fiiithtnl and 
complete tape recordings were made oi 
all remarks presented in the meeting 
room during all six days of discussion. 
Throughout the volnnus credits for 
permission to reproduce certain ilhis- 
trative material appt'ar immt'diately be¬ 
neath the respective illustrations. We 
are especially indebted to Dr, David 
Lowcnthal, of Vassar C:ollege. for the 
loan of the portrait of George F. Marsh 
reproduced in Figure 49 and for read¬ 
ing and suggesting corrections and 
additional remarks to our account of the 
work of Marsh, In undertaking back¬ 
ground reading for the following sec¬ 
tion, “About the Theme/’ we have had 
the assistance in German translation of 
Mrs. Katherine Klein and Ilona Schenk 
and in Russian translation of Dr. David 
Sopher and Mr. Albert E. Burke. 

The American Geographical Society 
has been most helpfvd in many ways. 
The end-paper map for this volume 
originally appeared as an inset on oru' 
of the Society's maps in the series “At¬ 
las of Diseases.” The equal-area ellip¬ 
tical projection is by William Briesc- 
meister, chief cartographer, with popu¬ 
lation overlay compiled and drafted by 
E. D. Weldon. Some 40 of the 180 
figures for this volume were redrawn 
for publication by the Society’s carto¬ 
graphic staff. The chart of “Conversion 
Scales” (p. 1156) originally appeared in 
Pioneer Settlement (Special Publication 
No. 14), published by the Society in 
1934. Two Councilors' of the Society, 
Drs. Lester E. Klimm and Robert Cush¬ 
man Murphy, and the Director, Mr. 


^ tdiaries B. Hitchcock, w ere participants 
s in the Symposium. A rcMcw of the 
I Svmposiuin, prepared In' Minpliy and 
fiitchcoek, appearetl in tht‘ Geography 
, iciil Review. MW M 4 (October, 
1955), 5SS-S6. 

ABOl r TUK THEME 

The intellectual fonts in the modern 
period in developing the theme, “Man’s 
Role in Changing the Face of the 
Earth/’ were th(‘ American statesman 
and schohir George' Perkins Marsh and 
the Russian gt'ographer Alexander 
Lanovieh Woeikof.^ It is to these two 
that many contemporary waiters refer 
and from whom they take their inspira¬ 
tion. 

Marsh (1801-82) grew up in the 
stimulating atmosphere of a niru.’teentli- 
ceiitury Xtnv England family which be¬ 
longed to the intellectual aristocracy. 
II(‘ carefully observed the changes that 
iiK'H had brought about in the forested 
hills and valleys of Nt*w England and 
maintained his interest in man’s modi¬ 
fication of the earth’s surface through¬ 
out his earc'cr of service as a lawyer, 
member of tlu' Congress of the Unite‘d 
States, and minister to Turkey and Italy. 
In 1864, vvht'n lie was in his sixties, 
.Marsh set forth his ideas about man’s 
alteration of the earth in liis great(‘st 
w(irk. A/an and Nature; or. Physical 
Geography as Modified by Human Ac- 
tionr fie pointed out (p. vii) “the daii- 

1. Also variously rondvrod as Aleksandr 
V'(«-\kov or Vo< rko\'. 

2. Prior to his major work, Marsh had in 
J'S iT pn'pared an addre.ss on man’s alteration 
of tlu; landscape, intentional and unintentional, 
desirable and dangerous (“Address Delivered 
before the Agricultural Society of Rutland 
County, September 30, 1847” [Rutland, Ver¬ 
mont, i848h esp. pp. 17-19). His Report on 
the Artificial Proj>agation of Fish (Burlington, 
1857) and his essay, “Study of Nature” 
(Christian Examiner, LXVIII [January, 1860], 
33-62), also dealt largely with this theme. 

In 1869 and 1872 Marsh brought out Italian 
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gi‘rs of iinprucli iK’i* and the* necessity 
of cavition in all operations which, on a 
large scale, interfere with thc^ sponta¬ 
neous arrangeincMits of th(’ organic and 
inorganic world/’ Fiirthc’i , he siigg(‘stcd 
(p. 7) “the possibility and the impor¬ 
tance of the restoration of the* disturbed 
fiarrnoni(\s and tlie iinprovcTUc^nt of 
waste and (*xhausted regions.” 

For Marsh, man was a dviiamic force, 
often irrational in his treatment of the 
environment. Because of this irrational¬ 
ity, man created a danger to himself 
that he would destiov his base of sub¬ 
sistence. Marsh decried the environ¬ 
mentalism of manv of his conternpo- 
rari(*s, who regarded man simply as a 
passive being ac‘t(^d on by the environ¬ 
ment. One of his main objects was to 
show that, far from bc'ing will-less and 
impotent, man was a free agent “work¬ 
ing indepc'ndc^ntl)' of nature”; it was not 
the earth that made man, but man who 
made the earth (Low cuthal, 1953). By 
understanding the nature of his impact 
on the environment, man might learn to 
change the face of the earth in rational, 
constructive fashioi\, 

Marsh was concc*rm‘d with man’s in¬ 
fluence on nature not in an abstract or 
theoretical semse but in terms of prac¬ 
tical changes to improve* the lot of man¬ 
kind. Ilis sc^lution for the problems of 
Western Europe and the United States 
was that man should moderate his activ¬ 
ities and develop a morality in re.spect 
to his use c^f the earth. He had some 
very concrc^te proposals, such as the 
maintenance of certain proportions of 
land in forest and the national control 
of natural resources. Above all, he 

editions of Man and Nature, published in 
Florence and incorporating new material. 
Based upon tlie Italian work, a new English- 
language edition, The Earth as Modified by 
Human Action, was published in 1874. A final 
edition was published posthumously in 1885, 
though reprintings occurred at least as late as 
1898. All English-lan^age editions had both 
London and New York imprints. 
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thought it important to ascertain the 
probable effects of action before acting. 

Marsh’s work bears the in delibh - 
stamp of his experiences in the forests 
of the New World and his obscr\a 
tions in the scrub and desert rc^gions of 
the Mediterranean. The largest chapter 
of Man and Nature is entitled “The 
Woods” and comprises more than one- 
third of the entire volume. Though 
man’s alteration of the forests in the 
mid-latitudes thus is extensively treated. 
Marsh did not touch upon the modifi¬ 
cation of mid-latitude grasslands, a sub¬ 
ject that is receiving considerable atten¬ 
tion today. 

Another even more noteworthy omis¬ 
sion in Marsh’s work w’as his lack of 
concern with the exhaustion of mineral 
resources. He con.sidered mining only as 
it disturbed the beauty of the landscape, 
not in terms of the depletion of reserves 
of minerals. Still fi^rther, although 
Marsh was living in a period of boom¬ 
ing populations all over the world, his 
emphasis was on maintaining standards 
of living in Western Europe and the 
United States. The specter of overpopu¬ 
lation raised by Malthus finds little 
place in Marsh’s work; it is the injury 
to the earth by man that dominates his 
writing. 

Like most scholars of the mid-nine¬ 
teenth century. Marsh’s focus in space 
was on Western civilization and in time 
on the experiences of the Western 
world, beginning with classical antiq¬ 
uity. This ethnocentric view was more 
understandable in Marsh’s era, because 
knowledge of the preclassical world, of 
the high civilizations of Asia and the 
New World, and of the strange and 
distant lands and their peoples and cul¬ 
tures was still limite^d and unreliable. 

Man and Nature^ despite its short¬ 
comings, was the first great work of syn¬ 
thesis in the modern period to examine 
in detail man’s alteration of the face of 
the globe. Marsh’s eloquent style and 
copious footnotes revealed the broad 
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scope ot his reading; his work attracted 
wide attention at tiie time. The early 
conservationists acknowledged their in¬ 
debtedness to him; every important 
figure in forc\stry, both in America and 
abroad, testified to the impact of Marsh s 
work. Nevertheless, the period in which 
he wrote was dominated by an almost 
unlimited faith in the possibilities of 
material progress. I’hose responding to 
the alarm for the destruction of nature 
were far fewer than those who were ac¬ 
tively engaged in spreading the rail¬ 
roads, producing new agricultural ma¬ 
chinery, expanding world commerce, 
and opening up the grasslands. Interest 
in Marsh’s work was rekindled in this 
century when man’s destructiveness be¬ 
came so evident that it could no longer 
be ignored and w'hen the problems that 
Marsh so vividly pictured loomed large 
before us. 


bodies (corps mcublcs) of soil and sub¬ 
soil, sands and gravels on the land, veg¬ 
etation, mntcrhds suspended in the 
w'ater or carried by it, dust and .sand 
movc‘d by the wind, and snow. Man in¬ 
fluenced the surface of the eartli espe- 
ciallv through an intermediary—^'^egeta- 
tion.* In modifying natural vegetation 
and in leplacing wild plants by culti¬ 
vated plants, man augmented the move¬ 
able bodies, diminished their quantity, 
or changed their distribution. Among 
such activities, Woeikof recognized the 
important part that fire played as a 
\v(*apon of man. 

W otakof eited cases of the destruc¬ 
tion of vegetation by irrational cattle¬ 
grazing, of man-made canyons in the 
clKino/i in belt of Russia, and of the 
dt stniction of chernozem due to shallow 
jdowing. Woeikof thought that man 
should strive to achieve:? a certain har- 


Another important contributor to the 
theme of man’s influence on the earth 
was Alexander Iv^anovich Woeikof 
(1842-1914), professor of physical 
geography at the University of St. 
Petersburg in Russia. Woeikof’s writ¬ 
ings, which were published in Russian, 
German, and French, received wader at¬ 
tention on the continent of Europe than 
did those of Marsh. Moreover, though 
Woeikof apparently traveled widelv, 
even visiting the United States, there is 
no indication in his writings that he 
was familiar with Marsh’s work. The 
chain of influence from Marsh to Woei¬ 
kof led through Elisee Reel us, the 
French geographer who corresponded 
with Marsh while preparing his own 
great work, La Terre (published in 
New York in 1874 as A INcto Physical 
Geography), and whose w^orks were 
cited by Woeikof. 

Woeikof considered the surface of 
the earth to be composed of movable 

3. For the rediscovery of Marsh see Lewis 
Mumford’s The Brown Decades: A Study of 
the Arts in America, 1865-1S95 (New York* 
Harcoiirt, Brace & Co., 1931). 


moiiv both within and in his relation to 
nature. He found examples of such a 
harmonious activity of man in the irri¬ 
gation projects of ancient civilizations, 
in modern Egypt, in arid states of 
America, and in Russian Central Asia. 

Like Marsh, Woeikof w^as interested 
in improving the conditions of human 
life. Among his interests were land im- 
prov'cment in Russia, the relations be¬ 
tween climate and the national econ¬ 
omy, the use of water, the problems of 
sand, irrigation of the Transcauca.sian 
districts, the problems of draining 
swamp.s, the problems of colonizing the 
north, changes in level of rivers, the 
disappearance of the forest, and the cul¬ 
tivation of new plants in Russia. 

Woeikof believed that man had an in¬ 
fluence on climate through his modifica¬ 
tion of vegetation; that is, the deforesta¬ 
tion that had gone on so extensively in 
Russia had affected the temperature of 
the air, the winds, the rains, and the 
snows. He considered forests to be de¬ 
sirable and urged the restoration of for¬ 
ests that had been destroyed. The view 
that forests have a significant effect on 
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climate is in disfavor in the Western 
world today, where climatologists be¬ 
lieve that, at best, vegt^tation influences 
climate on a local scale and to an in¬ 
significant degree, Woeikof was an ar¬ 
dent disciple of the use of irrigation and 
believed that the control and mastery of 
tli(^ water supply was oru; of the main 
tasks man had yet to accomplish. 

Like many a contemporary romantic, 
Woeikof was appalled at the expansion 
of urban areas. He said (1901, p. 208), 
“This grouping in cities, under condi¬ 
tions unhealthy to body and mind, this 
dissociation of man and the earth is 
proof of a sickly state.” This theme— 
that urban civilization is somehow not 
good, that urban conditions are un- 
hc*althy, and even that cities are para¬ 
sitic on th(‘ countryside- is one that is 
still very much with us today, though 
Marsh did not consider it. 

The eff(‘ct of warfare on the land¬ 
scape was considered by Woeikof too, 
and he cited examples of the decrease 
in numbers of sedentary populations 
and the e.\pansion of forests during 
times of war. 

In dealing with the population prob¬ 
lem, Woeikof was apparently interested 
more in the absolute number of people 
the world could support than in the 
limitations of resources and the desir¬ 
ability of developing and maintaining 
high standards of living. His conclu¬ 
sions about the possibilities of expand¬ 
ing population were optimistic, as 
would be expected from someone who 
had experience in the rapidly develop¬ 
ing areas of the United States and of 
Russia. He believed that the direct utili¬ 
zation of the light and the heat of the 
sun as well as the use of the water of 
the earth could make possible a tremen¬ 
dous expansion in production. Thus, 
though Woeikof raised questions re¬ 
garding the nature and effect of man's 
past use of the earth, he believed 
(1901, p. 215) that a rational approach 
to development of our resources could 


lead to “des perspectives de progies si 
vaste s'ouvrent devant nous qu’on a 
peine a les croire possible.” Thus he? 
was essentially an optimist with a utili¬ 
tarian approach, while Marsh, though 
he took a guardedly optimistic not(‘, 
was more impressed with the enormous 
damage done in his native New England 
and in the Mediterranean lands, where 
he spent his later life, and recognized 
the need for more than a utilitarian ap¬ 
proach—the fostering in Western man 
of a love of the earth. 

Many of the omissions of Marsh's 
work are apparent in Woeikof's too: the 
latter's emphasis w^as on contemporary 
and Western societies, with particular 
attention to Russia rather than on man 
everywhere and through time; his lack 
of concern about the depletion of min¬ 
eral resources was also apparent; and 
his treatment of the world's population 
growth was perhaps toe optimistic. 

In the English-speaking w^orld Mar.sh 
had no successor until Nathaniel South- 
gate Shaler, professor of geology at 
Ha^\ard LTniversity, took up the theme 
of man's destructive activities in his 
book Man and the Earth (1905). His 
plea was that of a conservationist, and, 
like Marsh's Man and Nature, his writ¬ 
ing had a moral tone (p. 1) that “we 
may be sure that those who look back 
upon us and our deeds from the cen¬ 
turies to come will remark upon the 
manner in which we^ use our heritage, 
and theirs, as w'e are now doing, in the 
spend-thrift's way, wdth no care for 
those to come.” Shaler pointed out that 
primitive man and the lower animals 
made no drain on the stores of the earth 
but that, the more advanced the econ¬ 
omy becomes, the more destructive it is 
of animals, plants, and mineral re¬ 
sources. He reported that, since the 
coining of the Iron Age, the consump¬ 
tion of mineral resources had increased 
to a frightening degree. Whereas in 
1600 there were relatively few sub¬ 
stances (mostly precious stones) for 
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which men looked to the underground, 
now there were s<‘\ era] hiindrecl sub¬ 
stances which were being used by man. 

Shaler suggested that, with increasing 
consumption, mineral resources would 
be depleted in the foreseeable future. 
He obser\ed that there are really only 
two minerals of absolute importance: 
iron and copper. \\’^hile others are use¬ 
ful, they are not essential, lii view of 
the gradually decreasing supply of high- 
grade iron and c'opper ores, he con¬ 
cluded that production costs of these 
ores gradually would rise and that 
eventually iron ore would be concen¬ 
trated from rocks, a feat which only 
today is being spoken of as economi¬ 
cally feasible. 

Shaler went on to discuss the destruc¬ 
tion of soil as a result of agricultural 
practices and the problems of a rapidly 
expanding population. However, unlike 
Woeikof, who was concerned with pos¬ 
sible limits of population, Shaler was 
concerned with the limits of the re¬ 
source base. Thus he said (p. 13): “In a 
word, we may estimate that in a historic 
sense very soon the world will be near 
its food-producing limit.” He concluded 
that already the planet's resources were 
taxed to siipp.3rt the people who lived 
on it. How could a population three 
times as dense be supported and the 
fertility of the earth be maintained, he 
demanded. We should try to prevent 
soil erosion and restore nutrients to the 
land that are removed by cultivated 
plants. 

Despite his ominous warning, Shaler 
thought (p. 19) that there is “every 
reason to believe that our science is 
ready for the task and that within two 
centuries of peaceful emdeavor we mav 
prepare the place for it.” Shaler s book 
was concerned with future power 
.sources and the use of coal and oil, 
which he considered temporary energy 
sources. But he believed the waters, the 
winds, and the tides to be the per¬ 
manent resources of supply of power 


and that man would need to develop 
these resources of power as well as 
available supplies of solar energy. 

Shaler then turned to the possibility 
of expanding cultivation into the unwon 
lands of the earth and of reclaiming 
land from lakes, rivers, and the sea. He 
examined the resources of the sea and 
stated his belief that the sea might be 
made to contribute “far more than it 
do(*s now to the needs of man.” 

Shaler urged (p. 228) that we 

“awaken a sense c^f the nobility and 
dignitx' of tlu' relation man bears to this 
wonderful planet and the duty that 
comes therefrom.” He went on to point 
out that, though many ctmsider the uni¬ 
verse to be simply an extension of the 
individual man, there are also many 
others who belic've that the world is 
es.scmtially related to us and part of us. 
It was Shaler's hope (p. 229) that man 
would come to realize that “whatever 
else he may be, he is the sum of a series 
of actions linked with all that goes on 
upon this earth.” He thus emphasized 
(p. 2S0) the “oneness of nature and in¬ 
telligence as its master.” 

But Shaler s approach to the earth, 
like Marsh’s, w as more than one of stark 
utility. He questioned our plans for the 
earth as a place to live. Do w^e envisage 
an earth that is completely covered with 
men or, as Shaler put it (p. 172), “an 
intensely humanized earth, so arranged 
as to afford a living to the largest pos- 
.sible number of men”? It was Shaler's 
contention that if this is what we do 
envisage—a completely domesticated 
earth—w'e could obtain a fairly accurate 
impression as to what it might be like 
by visiting those centers in Holland and 
England where there are many people 
and where there is intensive land use. 
Shaler did recognize (p. 189) that in 
Holland and England there was ‘^beauty 
of a high order”; but in a completely 
domesticated earth, we could expect 
that beauty would be ordered and that 
much of the charm of primitive nature 
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would be lost through replacement by 
artificial, controlled nature. The aes¬ 
thetic appreciation of tlu‘ earth was 
important in Shaler’s thinking, and it is 
involved, at least implicitly, too, in 
much contemporary thought about the 
future of man on the earth. 

Slialc'r was not concerned with 
chang(*s in the biotic community. More¬ 
over’, he limited liis C'onsideration to 
Wc'stern society d\u'ing the industrial 
r(‘volntion, ignoring both the previous 
efforts ol man during tlic^ long span of 
human time and the prescnt-clay (‘ffects 
of non-industrial peoiilcvs on the earth. 

Shaler’s place of importance in the 
dcveloprnirit of thought about man and 
nature' is that (1 ) Ik' focused attention 
cm the destruction of mineral resource's 
and gave* thoughtful conside'iation to 
impending shortage's; (2) he fc'ared that 
re'source* base's might he insufficient to 
provide for tlu' \ e'rv rapidly increasing 
populations all over the world; and (3) 
he added the thought that a new liu- 
man attitude' was nexessary toward the 
e^arth. 

In 1915 an article by a young German 
geologist, hanst h^ischcr, was published 
posthumousb', in which he* obje'ctecl to 
the’ clear distinction betwc'cn Geisfes- 
tcissvihschaftcn and Nattirivisscnschaft- 
cn. He callc'd attention to the ne'glex t in 
studying the role of man as a gc’ologic 
agent and pre’scmtexl e'xamples of man’s 
direct acti\ itic's on the* c’arth’s c'rust and 
his influence on water bodie’s, on the 
plant wr)rld, and on the* animal wmld. 
By learning how to emplc^y the' pow'c'rs 
of nature, man has bc’en of considerable 
indirex't influe'nee. Small happenings 
can have widespread, unplanned, and 
unsuspectc^d effects; the human being 
is the youngest of the geologic factors. 

Othc^r geologists have follow’ed this 
line of thought. R. L. Sherlock (1922, 
1923, 1931) wrote about man as a geo¬ 
logic agent of denudation and accumu¬ 
lation in the physical landscape of Grc'at 
Britain; he foresaw a period wlien man’s 


destructiveness would be 
minished, a prophc^cy that has not l:)een 
borne out by subsequent events. Stanis- 
iaw Pawfowski (1923) described tlit' 
lowc^ring of hills and erosion in his na¬ 
tive Poland and rcxc^gnized that man’s 
activitic'S involved changes in the direx- 
tion of the forces of nature. 

During the twx'ntieth century the 
theme of man’s transformation of the 
earth has been given consideration by 
geographc'rs of many countries—those' 
from England, Frances, Austria, Ger¬ 
many, and Italv are cited in the; “Refer¬ 
ences” that follow^ This literature, to 
which wx’ are indebted, demonstrates 
that most human activities advance by 
virtue of contributions from many dif¬ 
ferent tvpes of individuals, wu'th varving 
backgrounds, working at different lev¬ 
els. We mention those investigators 
W'hosc' work we know best, fully realiz¬ 
ing that other selections could be made. 
Our concern is wdth concepts rather 
than persons—to identify lines of work 
rather than to attribute credit. If in- 
jus^icx^s are done—as inevitably they 
must be—the' important interest is not 
the wx)rkers but the work. 

In PTance, Paul \’idal dc' la Blache, 
to whom the establishmc’nt of modern 
scientific geography in French uni\c'r- 
sity life wxes largely due’, rc’cc^gnizc’cl 
(1913) the great part of man in modify¬ 
ing his ba.sic c'nvironmcnt as onc' of tlu' 
six distinctive characteristics of geogra¬ 
phy. Jean Brunhes, a student of \udal 
de la Blacdic, published his Geographic 
hiiinainc in 1910 (revised and enlarged 
editions in 1912, 1925, and 1934; edi¬ 
tions in Engli.sh in 1920 and 1952h He 
described and analyzed the’ man)’ pat¬ 
terns of man’s occupancy of the c’arth 
as exprc’sscxl in housing types, in villager 
and towm sites, and in c'hanging forms 
of communication. He discussed man’s 
conciuest and adaptation of the veg¬ 
etable and animal kingdoms bv his 
various agricultural techniques; and he 
was concerned with man’s extraction of 
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minerals. All these matters \m'i< 
ined from a holi.stie and < ' 
point of V'iew. Bninlit's lu'ui ^ P' 
312) that the potcaicv of man ;:i trans¬ 
forming the earth is not due to supe¬ 
riority in stjx‘ngt]i, hut nni\ c i.sality o 
range” and “synthesis of a series of s'lnaii 
achievements^’ Jhiiiiiies pnsheil the 
disenssion of the influ'enee of man on 
nature beyond the f founds of Western 
civilization, to eonsidt r man s altera¬ 
tions of tht' eartli by <'thc'r cultures in a 
variety of en\'iromn(.'nts from tropical 
rain forest to desert. Cailtural difl^^ n'nees 
were important facts for understanding 
man’s activities on the earth. In the first 
essay of his posthumous Prohlrnics dc 
g^eoeraphic Jiumamc (1942) Albert 
Demiangeon laid emphasis on the work 
of man in inodifxa'ng his environment 
by means of communication, artesian 
wells, the control of rivers, and the (wo- 
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knovxk'defd indobtedm'.ss to the French 
Ceotjraplt«rs for mate-rial on which her 
EookJas based. P. W- Bryan ( im p. 
372) took the approach that human 
activity undertaken to satisfy liuinan 
desires is the inoti\ating forc(‘" in mans 
changes of th(* surface of the earth and 
tliat man “takes products and utilizes 
natural surfaces to satisfy those desires/' 
The result is the cultural landscape. 

In Italy, Giovanni Negri (1930) 
examined the general characteristics of 
human action on vegetation. lie agreed 
that man’s action on vcgf'tation is not 
rcccait but was important cvcai in Paleo¬ 
lithic Europe and that primitive man 
with his limited technology was nonc- 
thcdc^ss effective in changing vegetation. 
Man, he contended, must b(' c‘onsid(‘rc*d 
the head of a great, complex harmony 
formed by vegetation and as (p. 216) 
“the inoincmtuin that disturbc'd the bal- 


lution of new plants for human food. 
Andre Allix in 1948 forcefully stated 
that it was not the economic motives of 
“crude interest” that determine* man’s 
actions on the earth. Indeed, man has 
many choices to make, and he chooses 
according to “traditions and taboos,” 
which are a matter of “rite, hrc'C'ding, 
and of sentiment.” That to study anv 
subject involving man requires an 
awareness of man in all his complexitv 
—his attitudes and prejudices—is an 
idea w^hich follows the t(*ac}ung.s of 
Brunhes, 

In England, Marion Isabel New- 
bigin’s textbook, Man and Ilis Conquest 
of Nature (1912), emphasized that man 
has bc'corne almost the master of his 
fate by the progress of human civiliza¬ 
tion. Man can live only by destroying 
the balance of nature, by favoring some 
animals and plants at the expense of 
others, by forcing those* useless to him 
to give way to those he needs. But 
many elements, such as rats, crickets, 
cockroaches, and weeds, have been 
favored by man without any intention 
on his part to do so. Miss Newbigin ac- 


ance.” Intere'stingly, Negri acknowl¬ 
edged the writings of W^oeikof and 
Brunhes but did not mention Mar.sh, 
although Man and Nature had two 
Italian editions. Otliers who considered 
the theme w’(*re E. Migliorini (1936) 
and Aldo S(*stini (1938 ). 

In Germany, Paul Schultz(*-Naum- 
burg (1928) considered the changes to 
the surface* e)f the earth by man’s cul¬ 
tural work. Jlis volume explor(*d the 
conflict b('tw^(*(jri economics and ethics; 
it w'as a plea for counteraction to 
thoughtless and unnecessary devasta¬ 
tion by a money economy and an ex¬ 
position of llie beauty of cultivated 
nature. He recognized that only very 
few places in Germany look the same 
as they did prior to man’s interferc*nce. 
In his Introduction he traced the 
changes in the Gorman landscape, from 
the time of Tacitus to the twentieth 
century, brought about as a result of 
paths and roads, utilization of the flora, 
mining of minerals, the water economy, 
industrial plants and railroads, and 
buildings of all kinds. He asked whether 
it is paramount to destroy the beauty 



Introductory xxxv 


of tlui landscape to step up profit. Is it 
not iji the end to the disadvantage of 
tlie general and national well-being? 

In 1933 Nikolaus Creutzberg pub- 
lislu'd a pictorial atlas with magnificent 
illustrations (many of them air views) 
to show the changes to the surface of 
th(‘ earth caused by man in developing 
a cultured landscap(*. Man is living 
luarly everywlu*re in a cultured land¬ 
scape which, during centurie s, has been 
shaped in accordance to his needs, his 
tast(', and his personal peculiarities. The 
forming of the landsc ape by man is an 
artistically unconscious process and 
therefore* reflects the personality of a 
culture far more than it reflects c*on- 
scioiis art. In alincjst all parts of the 
earth today, the penf‘tration of machine 
civilizaticjn and the coexistence of 
forms of original cultures represent the 
main characteristics of the* present cul¬ 
tural landscape. 

F]dwin Fc’ls, professor of geography 
and dirc‘Ctor of the Geographical Insti¬ 
tute in the Free University of Berlin, for 
twentv-fivt’ vcvirs has consistently devel¬ 
oped the thc'ine, as a part of economic 
gc'ographv, of man's influence in trans- 
forniing the cvirth. In 1934 he pointed 
to the work of Sherlock (1922) as having 
been overlooked in Cierinany. In his 
1935 text he explained that in many 
works the influence of nature upon man 
had been considercri carefully but that 
thc^ rc'turn consecjuences of mans ac¬ 
tions on nature had not been treated 
very thoroughly; no C^erman tc^xt in 
economic geography up to 1930 had 
explored this reciprocal action. His 
work was to fill this gap. Fels’s 1954 
volume, Dcr wirtschaftende Mensch ah 
Gestaltcr dcr Erdc, is a thoroughly re¬ 
vised and enlarged edition of his 1935 
work; it comprises Part V of a series on 
the earth and world economy; and it is 
the most recent predecessor to the pres¬ 
ent volume. He considers the trans¬ 
formations of the solid surface of the 
earth, transformation of water bodies. 


man as a shaper of climate, changes of 
flora, influence on fauna, man in the 
pattern of nature (population giow^th 
and migration, effects on health), and, 
finally, the economic landscape. Man is 
inclined by sentiment and habit to con¬ 
sider his earth-transforming force as 
small in comparison with nature's. This 
self-underestimation has been justified 
in the past but is not in the present. 
How'cver small the physical strength of 
the individual man may be, it is tre¬ 
mendous when pooled and guided by 
the human mind. The process has in¬ 
creased extraordinarily rapidly since 
about 1800, when man entered the ma¬ 
chine age and human strength began 
to multiply through mechanization 
techniques. 

In 1953 David I^owenthal called at¬ 
tention once again to the fact that Amer¬ 
ican geographers have devoted a great 
deal of attention to the frontier but lit¬ 
tle to the historical past. George P. 
Marsh was hailed as the forerunner of 
historical geography in the United 
States, and attention w’^as drawn to 
Marsh's contributions to the subject. 
Lowenthal (p. 212) brought up the in¬ 
teresting point that, “unlike Thoreau, 
who also loved nature, but wished to 
keep it wild, Marsh wanted it tamed; 
Thoreau appealed to esthetic sentiment, 
Marsh to economic practicality.” Thus 
attention is focused once again on the 
jjrtaniscs behind our relations with na¬ 
ture, behind our desires to modify 
nature and our desires to plan for the 
future. Shall we have a wild nature or a 
tamed nature? 'What is the impact of 
domestication and civilization on ani¬ 
mals and on human beings? What shall 
man's goals be for his future relations 
with the earth? 

The organized complexity of modern 
existence is a new phenomenon in man's 
experience. Considering what has hap¬ 
pened in the United States during the 
last century, one is tempted to ask 
whether we are living in a moment of 
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great progress oi' oi grt at aberration in 
the Iiiiinan ac{\enturc‘. 

\Vh(’ii George P. Marsh’s Muti and 
Nattirc a])pearecl in 1864, PresiLlent 
Lincoln was in ofliee by \’irtue of liav- 
ing recci\ed a total of just o\er two 
million popiihir votes; the total annual 
receipts of tla^ tcdcral government 
amounted to less than 4 per cent of the 
current annua] intrrcsf on the piihlic 
debt; and the urban shift had only be¬ 
gun, for only one-fifth of the population 
lived in urban places of 2,500 or more*. 


sjH’ctaele that we are in? l\'rs])<*etiv<* is 
required to apprehend tlu* uni(|ii('ness 
of the juesent and tlu* signifieanee of 
that unicpieru'ss. 

W'ithiii the* last century man has de¬ 
veloped the idea tiiat change* is (‘on- 
tiniious and includes himself. Gonee‘j)- 
tions of fossil man (prior to pr<*sent 
man), of biological c \oIution (in which 
man is included with all other living 
phenomena ), and oi the vast duration 
of earth history are but a lew example's 
of ideas deve*loped b\- seit'iiee and bt*- 


Sinec tlie’u, oiu p()j3uIation has increased come part of the public* eonsciousnc'ss 
four and a half times, and farm produe- since the* mid'ninete'c'uth cc’iitnrv. Can 


tion through me eliajiization has more the imiepi('ne*ss of the pn*se*nt be made* 
than kept pace. Tlu je are now^ aiimiallv elearc'r for thc'jse within it b\' foc iisiric’' 


produced seven and a half times more 
cotton, five and a half time's more 
wheat, and four and a half time's more 
corn, r>vcn though tlie farm fe)rcc has in- 
creasc'd only slightI\- in numbc'rs. The 
cultivated acre'age* is abenit what it was 
in 1920, but there are now’ se)me 4,500,- 
000 tractors at w'ork upon it, 

'Mechanization, industrialization, ur¬ 
banization, and transportation have 
meant the hanic'ssing of c‘nc'rg\' in fan¬ 
tastic quantities, I’he Ibiited States 
alone in the last fortv \’e'ars has con¬ 
sumed more* minerals and fossil fu<*Is 
(coal and petroleum) than all mankind 
used in the* previous inilleimiuins of 
existc'ncc*. So far in the* twentieth ceii- 
tuiy, <0,000 square' mile s of land in the 
United State's have- Ix-en absorbed hv 
towais, cities, and urban industrial de- 
vc'lopincnts, with ajiothe-r 16,000 square 
miles covc'red by artihcially impcjiinded 
watc'r. And service* occupations (gov- 
c'rnme*nt, trade*, transpejrtation and utili¬ 
ties, finance, e tc .) now surpa.ss, in total 
persons employed, the* production ex- 
cupations (agriculture, manufacturing 
construction, mining). 

With more people on the earth than 
at any time in the past, this is really a 
most extraordinary period in which to 
be living. Can w e, the participants, pull 
aside enough to read the plot of the 


on the role of man in altering the* e'arth’s 
surface, kee*ping in mind the longe'vitv 
of tJie pe'iiod in which he* lias be*e'n 
doing so? This Symposium is iuten(le*d 
to contribute to such an under.standing. 

The* efforts of small pojmlations of 
the past liav e* bc'cii by ne) means negli¬ 
gible*; tbe'ir time scale was that of rnil- 
Ic'uuiunis. The* storv’ of man's role* in 
changing the* face of the e'arth bf'gins 
with tlie* inve*ntion of fire'-inaking and 
the* dome'stication of pkmts and animals; 
contimu-s through his trade*, w’arfare, 
migratie)ns, and tlie* sprc'ael of transpor- 
tatiein facilities, fie'lds, and se*ttl(*m('nts; 
and enlminate'S in the* de*\'e*le)j^me*nt of 
iiiodcTn milling and manuf aeturing. 

Lve*ry human group lias hael to eval¬ 
uate* the potential of the* are'a it inhabits 
and to firganizc its life about its (*nviron- 
merit in terms of availalde* te*chniqnes 
and the valuers acce*pte*d as de\sirable. 
The identification, use, and c are* of re- 
sfiurces is in tlie end a problem of hu¬ 
man value's and behavior. Giiltural dif- 
fere*nc<*s in U-chniqu(*s and values, and 
hence in utilization of the? physical- 
biological environment and its conver¬ 
sion into a human habitat, have distin¬ 
guished one human group from an¬ 
other. The effects of man on the earth 
are geographically varied and are his¬ 
torically cumulative. Many changes 
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wrought by inan have; not boen destruc¬ 
tive; many were unplanned; and many 
of the results have been unanticipated 
and have gone! undetected. 

Man, the ecological dominant on the 
planet, needs the' insights of scholars in 
nearly all branches of lexirning to under¬ 
stand what has happt ried and is hap¬ 
pening to the eartli unde'r man's im¬ 
press. This Synijmsiuin is a first attempt 
to provide an integrate*d basis for such 
an insight and to demonstrate the ca¬ 
pacity of a gre-at mimlx'r of fields of 
knowledge' to add importantlv to our 
undcnstariding. What the' se^il seie'ntist, 
climato]e)gist, ge'e)morphe)logist, and 
othe'rs are doing are dirc'ct contributions 
te) man’s unde'rstanding of himself. By 
expressly ncjt setting tlu‘ study of man 
and his behavior apart freim other fields 
of knowledge, by recognizing that man 
is a part, and an acti\e' part, e)f nature 
and has been so from earliest time's, the 
Symposium theme la\'s the groundwork 
fe)r me)re meaningful formulation of rc- 
seare h de'signs te) learn nK)re about what 
and how environme'utal factors influ- 
c'liee^ man’s de'\'e'lopnu'nt and behavie)r. 


Nature has always contained man, but 
all the while is being changed by man 
in the course of his own self-transforina- 
tie)n. The diche)tomy of man and nature 
is thus .seen as an intellejctual elevice 
and as such should not be confused with 
reality; no longer can man’s physical- 
biological environiTie'nt be tre atf'el, c^x- 
cept in theory, as “natural.” 

The most striking symbol of the' ne w 
scale in time? and space that has been 
brought into bc'ing since thei time of 
Marsh is llie airplaiK'. The? view from 
the air that it has proN'iele^d—the ability 
to look down upon man’s work in a new 
pc'rspective—has been a great stride to¬ 
ward synthesis. The intrejcluction to this 
volume continues with an analysis of 
the significance of our new ability to 
view “Our World from the Air,” accom¬ 
panied by forty-eight striking illustra¬ 
tions. 

And with thc'se words by way of in¬ 
troductory, please to begin. 

William L. Thomas, Jr. 

Xfm Yokk City 
March 1. 1956 
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Our World from the Air: Conflict 
and Adaptation 

E. A. GUTKIND* 


THE PERENNIAL REVOLUTION 

Mail and nature are the twin agents of 
th(' perennial revolution which shapes 
and rc'shapes tlu' face of the earth and 
the character of man's activities. Tliis 
struggle, at times violent and sporadic, 
at otliers gentle and consistent, but for- 
ev(‘r demanding a new response to a 
iK'w challenge, activates the potential 
energies of man and nature, molding 
them into a grand pattern ol advance or 
rtdieat, of creative int(’raetion or dis¬ 
astrous antagonism, and of promise or 
failure. 

The (f)ncjuest of the air enables man¬ 
kind for the first time in its history to 
experience this interaction in all its in¬ 
numerable ramifications. A new scale in 
time and space has been added to our 
iiK'ntal and material equipment. Before 
this conqu(\st we were winding our 
u'a\' like worms through narrow pas¬ 
sage's and see'ing only more or less un- 

Dr. Gutkind, M.T.P.I., F.R.G.S., Dr.Ing., 
Dipl.Arch., Moinhor MARS—CIAM, wa.s, after 
World War I, ad\i.s<‘r to the Armi.stice Com¬ 
mission on Physical Reconstruction, then 
worked as private architect and town plan¬ 
ner. During World War II he w'as head of 
the DeMiiographic Survey and Plan, thcai mem¬ 
ber of the Control Commission for Germany, 
in charge of physical planning. Ilis numerous 
works include: Revolution of Environmenty 
1946; Our World from the Air: An Interna¬ 
tional Survey of Man and His Environment, 
1952; Community and Environment: A Dis¬ 
course on Social Ecology, 1953; and The Ex¬ 
panding Environment: The End of Cities, the 
Rise of Communities, 1953. 


K'lated derails. Today we can look at the 
world with a God’s-eye view, take in 
at a glance the infinite variety of envi¬ 
ronmental patterns spread over the 
f'arth, and appreciate their dynamic re¬ 
lationships. We can see this great va- 
rit'ty condensed in time and space and 
can .shed the still-lingering ideas of 
stable and isolated societies. We can 
see side by side the different scales in 
time and space and the tensions arising 
out of the neighborly proximity of 
seemingly incompatible transformations 
of the earth's surface. The whole field 
of human activities and of nature's gifts 
and refusals unfolds before our eyes 
and senses, ranging from the most prim¬ 
itive to the most up-to-date inter¬ 
ference v'ith nature, from unconscious, 
isolated, and small-scale activities to 
th<' conscious remaking of the environ- 
inent in vast parts o^ the world. All 
these different stages exist today, and 
in many parts of the world they overlap. 

The airplane has given us the synop¬ 
tic viev\ This coincides with the gener¬ 
al trend away from the overestimation 
of the purely analytical approach to 
numerous problems toward synthesis 
and unitary ideas. Both analysis and 
synthesis are needed and should be ap¬ 
plied to every problem on equal terms. 
The advent of the airplane and the air 
view is, therefore, of svmbolic signif¬ 
icance. Since the beginning of the sci- 
('ntific revolution, analysis has been par¬ 
amount. In the ages preceding this 
event humanity found protection and 
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2 Mans Role in Chaniiin 

guidance in a unifying faith and sym- 
bolism-or at least believed that it 
would find them in these manUost.'.ioiis 
of its essence as far as it 
spirituci} nnd ineni.il aspinia )- 
these mdcs have lost their po^v ever 

siiict.‘ SC-K'IJC'*- s\ stt'inntn'iiiiv to 

nnuJvzt^ iiutiirt' nneJ to hc-lp to tvanstoriii 
the environment on a perpetuLtUy wad- 
eiiine; scale, with growing intensity 
and at a steadily increasing pace. The 
revolt against analysis is not nevv. 
Coethe was perhaps its most determined 
and outspoken exponent. In Die Far- 
hcnlchre he wrote: “A century which 
relies only on analysis and seems to be 
afraid of synthesis is not on the right 
way; for only both togc'tlier, like breath¬ 
ing in and bri'alhing out, form the 
essence of science.” 

It is not mere coincidence that the 
synoptic \'iew which the airplane offers 
us emerged as an indispensable instm- ' 
iTient of our growing understanding, < 
knowledge, and insight. This change 1 
contains a double challenge: It forces ! 
us to see the transformations which man i 
has wrought from the earth as a peren- i 
nial revolution and to ('xperience their * 
dynamic unit\^ as a \vhole. Without the i 


iJie Face of (he hcirth 

tion, of u continuous process of change. 
Man’s adjustments to his environment 
arc not a scries of unrelated stages ol 
developiiient. each more or less accoin- 
plidu il and self-contained entities, but 
•m organic and integrated chain of 
events; Thus permanency exists only m 
the iiiiintiM'rupti'd confifJfdtt/ or C'Jiaiigc 
and in the dynamic relations among all 
aspects of human activities. In othi'i 
vvwd.s, permanency without synthesis is 
a delusion. To tliest' two criteria a third 
has to b(‘ added; tht‘ growing scab' of 
the transformations, t'xpanding from 
small and individual to large and col¬ 
lective operations. This Trinity—per- 
inauciicy of change, syntluxsis ol re¬ 
lations, and the increase of scale—forms 
the yardstick by whicli the interaction 
of man and environment should bc‘ 
judg(*cl. 

In gt'iK'ral, individual efforts arc iiovv^ 
out of tunc, in time and space, with the 
dynamics of social needs and aspira¬ 
tions. I'he unity betwetm the individual 
scale and the totality of the c*n\’iron- 
mc'nt has broken down. Something new’ 
must he put in its plae(\ The right 
scale depends on the awarem'ss of 
relations—of the relations het\v^(‘t‘n in- 


synoptic va'('w from the air this vv'ould 
be impossible, and without the trend 
toward unitary ideas we would fail to 
interpret corrective what w^e now can 
see. We are at on(' of the decisive tiirn- 
ing points in the history of humanity 
comparable to the domestication of ani¬ 
mals, the inv'entioTi of the earliest tools, 
the foundation of the first cities, and the 
conception of the helioeentric universe. 
At this turning point we can look back 
and take stock of man’s past achieve- 
mc’nts and failures. But we can also 
pcTceive the great perspectives in which 
future generations must make their con¬ 
tributions. 

No transformation produces a static 
and lasting result. Hence our environ¬ 
ment is at any moment of human his¬ 
tory the product of a perennial revolu- 


divu’dual and group, h(‘tvv'ecn tlie func¬ 
tional and personal life, hctw(H‘n the 
man-made landscape and the natural 
landscape, between all parts of tin* 
immediate environment and the wider 
world around us and, finally, the uni¬ 
verse. The old scale has h(M^n d<\stroyc‘d, 
and man as an individual being is cut 
loose from the totality of the h)rces 
which play on the environmental field. 

Are these demands not too great or— 
as the hard-boiled realist will say—too 
v'ague? The answer is definitely '‘No,” 
for in reality they merely repeat the 
age-old longings of man as a social be¬ 
ing, though not as an economic animal. 
Every primitive tribe w^as nearer this 
universal scale than we are today. But 
we are not a primitive tribe—at least 
wc pretend not to be—and we must, 
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tlioreforc, find a new solution to this 
eternal problem, the total oneness of re- 
ations; and with it we must develop a 
new adaptation to this new scale. The 
eonqiH'st of the air forces us into this 
adventure. I'he airplane is the instru¬ 
ment which has introduced this new 
^eak* as an inescapable reality, bridg¬ 
ing the gap b(‘tween the smallest social 
nil t, the* individual human being, and 
tht‘ largest unit, the universe—between, 
as it w(a-e, th<^ social microscope and 
the social tc‘l<\sc()pe. However, ](‘t there 
be no mistake. This has notliing to do 
witli th(’ mock-heroic flights into space 
or the' uu'galomaniac idea of launching 
; rtific'ial satellites which would revolve 
around the earth. The solution lies some¬ 
what nt'art'r home and is l(\ss (‘xpen- 
si^’(^ It li(\s within ourselve s, but it may 
c'ost more* effort than to discover the 
brave* new world in the* e)uter space\s 
of the heavens. 

No structure can grow be'yond its or¬ 
ganic size, fe)r, if it de)es, it destroys the 
internal e'olu’rence* and functional e‘f- 
ficif‘ncy. The'refore*, the? results of everv 
human inte rference w'ith nature* should 
be* evaluated with relation te') the entire 
Nariety of e'nvironmental conditions, 
ne)t to one condition only. Or to put it 
in another way: If wc want to find out 
the? optimum structure of an indivieiual 
human work and its optimum reflatiem 
to other works, we must investigate not 
merely tlie conditions of the immediate* 
e*nvironine’nt in which the? work actu¬ 
ally takes place but also its rc'latiems 
anel re*actions te) the? u'orlel at large*. We* 
must think not only in terms e)f proc- 
e*sse\s but also in terms of groups of en¬ 
vironments, for this alone* can get us 
out of the rut of daily and narrow 
routine and enne:)ble our works be?vond 
mere utilitarian (efficiency. 

Cons(?(piently, the comparative^ .study 
of man’s transformations w^hich the air¬ 
plane makes possible opens the way to¬ 
ward a r(?-evaluation of what man has 
done and what he can do to the earth. 


Abe)ve all, the widening scale of the re- 
a.ssessment of the work of previous gen- 
e rations and of the great possibilities 
which the future holds in store leads us 
to an increased awareness of the all- 
(‘inbracing unity of mankind and of the 
absurdity of all spiritual and political 
frontiers. It makes us aware of the in¬ 
escapable? fact that only differences of 
decree, not of principle, distinguish na¬ 
tions. This is especially evident if we 
think in terms of generations instead of 
vears. Then the distinction between the 
unciven development of different civili¬ 
zations which today exist side by side 
shrinks almost to nothing. 

No structure* can grow beyond its or- 
gaiiic size without impairing its coher¬ 
ence and efficiency. This is only too 
painfully obvious when we look down at 
our cities, towns, villages, and industrial 
districts. It is not only their unsystem¬ 
atic growth and their cxces.sive size but 
also their amorphous structure in gen¬ 
eral and in detail which destroy the dy¬ 
namic equilibrium of their functions and, 
consequently, their productive and bal¬ 
anced relations to the surrounding re¬ 
gion and the* cenmtry as a whole. What 
driving power is behind this lopsided 
development? It is the same lack of 
l)alance which pervades our life in gen¬ 
eral. One function—work—is paramount, 
and all other activities of our functional 
as well as of our personal life are sub- 
ordinate'd to this devouring obsession. 
Work means industry, and industry^ 
means industrial buildings, districts, 
and countrie*s. This one-sided overes¬ 
timation of one function has created the 
urban deserts, has upset the fertile re^ 
lations between urban and rural life, 
and has debased human dignity to the 
lev el of a soulless machine. The human 
scale has been lost in the turmoil of an 
illusoiy progress toward the *‘great 
know-how.” 

All this can be seen in unerring clar¬ 
ity from the air. The landscape which 
spreads before our eyes and mind is 
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to atomized societies, from the coher- the interdependence, and the true sig- 
eiice and self-sufficiency of clan homo- iiificance of what the past has to teach 
geneity to the fellowship based on elec- us. We must work out a new relation- 
tive affinity, and, finally, to the hollow ship to the external world and conceive 
c(mformity of the uprooted urban mul- it as an ever changing pattern of phe- 
titudes. The great seismograph reveals nomena and events all intimately con- 
all these landmarks of the perennial rev- nectcd with one another as an expand- 
olution. But only if we can sense the ing environment abounding in inspir- 
det'p unity in the world-wide diversity ing possibilities. The synoptic view de- 
oi the innumerabk* features which the inands the appreciation of the whole 
struggle betw(‘en man and nature has nexus of relations in every detail and of 
imprintc'd on the (‘arth can we hope to the creative potentiality of every detail 
understand the intensity and v ariety, within the '‘vhole. In a more precise way 

Thk Revolution of the Machines 



Fig. 2. —China, farmland. The small scale of the agricultural landscape of China transformed 
by the work of millions of peasants as their own living tools is clearly visible in this air view taken 
from an altitude of 4,500 feet. 
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this can he expressed onee more as tlic nicnt ac'corclingly. Tlie goal of social 
simultaneous need for iuiiilvsis and s\'n- ccoJotrv is wholeness and not a mere 


thesis. And for those who are never 
happy without a new pigeonhole it may 
be added that something like a new 
discipline is neededy which for want of 
a better name miglit be called “social 
ecology.” This nf’\^’ discipline would 
include tliose branches of the social and 
natural sciences uhich liav'c a more or 
less direc t bearing upon the role of man 
ill re-forming his habitat. 

But there should be no mistake: This 
does not mean an amorphous nt'w dis¬ 
cipline. On tlie contrary, it means a 
systematic selection of the really instru¬ 
mental forces which shape man s social 
aspirations and transform his environ- 

The Revolctjo.n* 


adding-together of innumerable details. 
This is not the place to enter into a de¬ 
tailed description of the exact meaning, 
scope, and character of social cc‘ologv. 
This would lead us too far, for in the 
last instance enva'ronmc'nt is ('verything, 
from the suits we wear to tlu» universe 
—the whole of tlu' external world. The* 
natural and the man-inadc‘ environ¬ 
ments coalt'sce, and no clear dt'mar- 
cation line can bc' diawn Ix'twc^en the 
two. IIov\ c^\('r, w(‘ should always re¬ 
member that we are influcaieed by an 
unlimited v ariety of environmc’iital con¬ 
ditions and that our immediate* envi¬ 
ronment in all its ramifications is itsedf 

OF THE Machines 



toed in a geomftrkltoanXmatTon com- 

the mechanisation of agnVnIture and tl.e ratiJmato.^ 
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always part of the greater whole. Ecol¬ 
ogy, in its original sense, is the study 
of the relation of animals to their habi¬ 
tat. ft deals with “chain reactions” of 
influences caused by the character and 
workings of environmental factors and 
th(‘ way in which they aff(‘ct a particu- 
liir species and vice versa. These are 
tht‘ same problems which face human 
civilizations. T1 k‘ main lesson we can 
learn from animal ecology is tlu‘ need 
for studying human coinmimities as a 
whole and in their total relation.ship to 
their physical and social environriKait. 

These demands ar<\ like all general¬ 
izations, open to an easy criticism. But 
this should not deter us from adapting 
our thinking to a new and bewildering 

Thk Social 
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situation. Admittedly quite a number 
of cherished ideas and ideals will hav(? 
to be revised, and even the seeminglv 
unassailable basis of a seientific ap¬ 
proach, the analytical and pragmatic 
method, will have to be re-examined. 
But our fear of abstract notions or, for 
that matter, of the deductive method 
should not stand in the way of finding 
a new synthesis between science and 
philosophy, betwc'cn slow, stcp-by-step 
experiments and brilliant, artistic short 
cuts. For how else can wholeness be 
achieved than by the unity of the prac¬ 
tical and speculative mode of thinking. 
We may qiiott* in this connection 
Whitehead, when he .says in Adventures 
of Ideas: 

Revolution 



Court0sy of tko Agonce Bconomique des Colonies 


Fig. 4.— French West Africa, Senegal, Presqu’ilc du Cap \^ert, village of Yof. The compact vil¬ 
lage is inhabited by Mohammedan fishermen of the same tribe. It consists of a few families, each 
compound occupied by the same consanguinous group and surrounded by a fence. Social coher¬ 
ence and co-operation bind all inhabitants intimately together in life and work. 







Courtesy of Keren Hayesod, Jenudtem 


Fig. 5.—Israel, Nahalal. The social and economic structure of this co-operative smallholder’s 
settlement in the V'allev of Je7.re«-1 is based on four cardinal principles: equal distribution of land, 
n}utiial aid, equal work for all, and co-f)perati\e piirchasini; and Tnark<‘lin^. Tlie central area is 
occupied by coinniunal buildinj^s and gardens, while tlu* fields extend behind each farm. The 
whole is one integrated social and economic unit. 



Courtesy of the Oriemtoi Institute, University of Chicago 


Fig. 6.—Iran, Bustam. This place of pilgrimage in northern Iran is protected by a fortress wall 
and surrounded by its fields, forming a compact oasis in the desert plain. The exclusion of the 

\X/Orlrl r'rotlfoc «ST>rl Oi.ir 
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In each age o£ the world distinguished 
by high activity Uiere will be found at its 
culmination, some profound cosmological 
outlook, implicitly accepted, impressing its 
own type upon current springs of action. 
I’his ultimate cosmology is only partly 
expressed, and the details of such expres¬ 
sion issue into derivative specialized ques¬ 
tions of secondary generality which con¬ 
ceal a general agreement upon first prin- 
c‘iples almost too obvious to need expres¬ 
sion, and almost too general to be capable 
of expression. In each period there is a 
general form of the forms of thought; and, 
like the air we breathe, such a form is so 
translucent, and so pervading, and so seem¬ 
ingly necessary, that only by extreme ef¬ 
fort can we become aware of it. 

It is these “first principles” wdiich we 
must try to understand, to formulate. 
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and to apply. Then what appeared ab¬ 
stract and vague before will become 
concrete and precise. If we fail to grasp 
the particular “form of the forms of 
thought” which is characteristic of our 
time, if we fail to sense the translucent 
atmosphere which pervades our lives, 
we remain, at best, helpless and con¬ 
fused wanderers on this earth and, at 
worst, irresponsible tinkers who squan¬ 
der the riches intrusted to them by na¬ 
ture. 

To calm the doubts of the eternal 
realists, we may also cite Kant. Al¬ 
though they may regard him as an ut¬ 
terly impracticable and useless phe¬ 
nomenon in the harsh world of what 
they call “hard facts,” they might yet 
be induced to ponder over what he says 


The Social Revolution 



Comrtuy of the Ministry of Town and Country Plannint 


Fig. 7.—England, Somerset, Batli. The extremes of two different periods confront each other: 
culture, masterful restriction and unity, and imaginative town planning, on the one hand; ruth¬ 
lessness, confusion, and unimaginative “sprawl,*' on the other. Social disintegration and chaos 
are the result. 
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in the Critique of Judgment: “We cai 
imagine an intellect which, while it i; 
not discursive like our own but intiii 
tive, proceeds from the general synthe¬ 
sis, from the idea as a ^ hole as such, to 
the particular, that is from the whedt' to 
the partsA supreme effort is needed 
to reconcile this new approach with our 
accustomed methods of transforming 
our environment. People are afraid of 
ideas. They prefer the dry facts of daily 
life. But those who are afraid of ideas 
lose their njcaning in tlie end. This is 
perhaps the greatest danger which sur¬ 
rounds this new chapter in the history 
of mankind. And yet this chapter will 
be opened not by the many but by the 
few, as it has always happened iii the 
past. But today the danger is infinitely 
greater, for tlu' many, united in medioc¬ 
rity by the ]iressure of conformity and 
rc'duccd to the dead level of utter com¬ 
placency and political immaturity, are 
far more decisiye than eyer in times 
part, because the iiK'dia of mass com- 
miiiiications take hold of their con- 
scif’nce before th(*y are eyen aware of 
what is going on. TIkw distmst, more¬ 
over, the unusual, the far-reaching, and 
the defiant passion of the clearsighted 
rebels. It is so much (easier and so much 
more comforting to rely on what is 
known, on what can be seen and 
touched, and to bridge the gap between 
the old and the new by a flight into 
romanticism. The responsibility which 
rests on the few is tremendous. It is a 
burden o-f social awaremess and scien¬ 
tific integrity, of moral insight and fear¬ 
less adherence to the highest ethical 
standards. But th(ire is no need for de¬ 
spondency. On the contrary, there is 
every reason for a fiopeful expectancy 
and even optimism. In the chain of the 
perennial reyolutions the most impor¬ 
tant one is still missing: the revolution 
w iich will lead to the discovery of 
man. ^ 

1. Author’s tran.sJation. 


the Face of the Earth 

This revolution is being carried for- 
: ward by the double attack of the social 
and natural sciences. This course has 
been outlined most brilliantly by Dr. E. 
D. Adrian in his presidential address to 
the 1954 meeting of the British Asso¬ 
ciation for the Advancement of Science. 
He said: 

It may he optimistic tu think that we 
should be better off if we had a better 
understanding of human reactions. 

Blit an increased knowledge of how the 
mind can he influenced could certainly 
forestall many of the influences whicli 
might be used to underiniuc oiir integrity. 
Discoveries about our own nature may clis- 
turh C7nr peace of mind, but our own gen¬ 
eration has already fac-cd the theories of 
Freud as our grandfathers faced those of 
C.harles Darwin. There was the same pas¬ 
sionate re.scntment of the idea that our 
thoughts were more moulded hv uncon¬ 
scious forces; but we have recovered our 
halanc:e and we are not downhearted at 
finding ourselves less rational than we 
thought. . . . Xow wc c*an look to the miuiy 
branches of social sciences to make a dis¬ 
passionate study of what actually happens 
in our society without regard to what 
might he e.vpcxtc'd to happen if wc are to 
believe all we have been told. The picture 
of human behaviour which the social sci¬ 
entist has to draw is of a system in which 
the* units are men and women. . . . Scien¬ 
tists who work in laboratories have a far 
ea.sier task in selecting what they should 
observe and in making measurements and 
checking theories by experiments. But in 
spite of our hesitations we can see that there 
are facts to be found out about our use¬ 
fulness in society and about our relations 
with one another and with the group to 
which we belong. It is too early to be cau¬ 
tious in encouraging these unfamiliar lines 
of research. We must do what we can to 
develop the sciences which deal with hu¬ 
man behaviour, even though we cannot al¬ 
ways see what can come out of them. But 
human beings, when we consider them as 
material for the biologist, are not to be 
thought of as incapable of improvement. 
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These lolly goals cannot be rt^ached by 
the accuinulation of knowledge alone. 
Insight and vision are the indispensable 
counterparts without which pure know^l- 
edge icinains the doubtful privilc'ge of 
the ivory tow(‘rs, now' calked “labora¬ 
tories/’ In tlic w'ords of tw'o philos¬ 
ophers, Whitclu‘ad «ind Kant, and of a 
great scientist, Dr. Adrian, tlie w'ay to¬ 
ward a synthesis of pliilosopliy and 
science, of the speculative and rational 
mind, and of the deducti\c and induc- 
tiv(‘ methods has b(‘en eliart(‘d. 'Hie air 
lias bc'en conqmat'd, and with this con- 
(pi(\st a nt‘w freedom of idt'as and in¬ 
sights lias been gixtai us. Here lies the 
field of the nt \v unitary \ ision which 
wall hold togi'ther the iiiuuiuerable as¬ 
pects of the dialogue betwec'u man and 
nature. When we look down from the 
airplane at the earth wath an open mind 
frt'ed from tlu' fV'tters of prtconceivt'd 
idt'as and outworn methods of appreci¬ 
ation, e\’t‘r\'thing falls into a true per- 
spectivx'—e\ t'u man himst'lf as an inte¬ 
gral jiart of the w'hole. Man has done 
tremendous tilings in his WTc'stling with 
nature, but tht' results art* only too 
oftt'ii questionable because they lack 
social responsibility. We can sec tht* 
general mess ht* has made of many 
great opportunities; \vc can see the 
decaving ant h(*aps of our citit*s, the 
rural isolation and backwardness in 
many arenas of the world, excluding mil¬ 
lions from the main currt'iits ol lift*; we 
can see the misu.se of the natural re¬ 
sources and vast parts of the (*arth's 
surface still unused. Hie new role of 
man in changing the face of the earth 
will lead to a difft'rent and higlier stand¬ 
ard of control ov(?r his physical environ¬ 
ment and, above all, over his social sur¬ 
roundings. This will be the greatest and 
noblest phase of the perennial revolu¬ 
tion, and its outcome will decide 
whether the social sciences were equal 
to this occasion—or failed. The leader¬ 
ship in the next stage of transformation 
belongs to the social sciences. All other 


sciences must be subordinated to their 
guidance, for in the realm of leamiug 
thc'y represent the moral conscience of 
mankind. The recent developments arg¬ 
ali only too painful reminder that tlii 
conscience is not wade awake. 

CH.^NS OF TRANSFORMATIONS 

Our world from the air is a kaleido¬ 
scopic jumble of natural and man-rnade 
f(*atures. And yet in this seemingly in- 
exlricabk^ chaos tht'ia* can be discerned 
a few' trends, a few principles, and a 
few' indications which bind all parts 
together in one grand pattern of ti ans- 
formations similar in essence and se¬ 
quence. This veiK'er, spread by a divine 
designer over the earth and inlaid with 
an infinite variety of shapes, materials, 
and colors, reflects the finest oscillations 
of man’s aspirations and achievements, 
of his failures and frustrations, and of 
his understanding but also of his ruth- 
k*ss disr(*gard for nature. 

Tlu^ underlying trends form an indi¬ 
visible unity in .space and time if we 
apply the right yardstick, that is, a long¬ 
term and a large-scale evaluation. Then 
chains of transformation become visible, 
and .something like an organic and inte¬ 
grated process of development emerges 
from the ever rt'iunved adaptation of 
the environment to human needs and 
of man to his ens ironment. 

In broad outlines three principal 
chains of transformation can be distin¬ 
guished. The most general is the change 
in the interaction of man and environ¬ 
ment from an “I-Thou” to an “I-It” re- 
lation.ship. The second chain of trans¬ 
formation is more explicit in character; 
it shows man’s reactions to his environ¬ 
ment in successive stages, ranging from 
fear and defense to confidence and ag¬ 
gressiveness and, finally, to growdng un¬ 
der.standing and responsibility, always 
guided by the two complementary 
forces of instinct and reason and result¬ 
ing in unconscious or conscious control 
of man’s efforts toward systematization. 
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The third chain reijresents the widening 
scale and the changing experience of 
space, the latter intimately related to 
the notion of the universe. These three 
chains of transformation illustrate to¬ 
gether and each in its own right the fiil- 
filincnt of the basic human needs of 
shelter, food, w^ork, and social inter¬ 
course. Consequenth% the significance 
of each chain of transformation should 
be evaluated in relation to these four 
basic needs. These three principal 
chains of transformation and these four 
basic needs of human nature form an 
insoluble whole, and, as liuinan nature 
is everywhere fundamentally the same, 
they produce in similar conditions also 
similar results, though for an inexperi¬ 
enced eye these may seem to differ con¬ 
siderably. 

There are of course still other possi¬ 
bilities of systematizing the transforma¬ 
tions through which the interaction of 
man and nature has passed and is likely 
to pass in the future. But those sug¬ 
gested above an^, as will be seen, the 
most comprehensive and the most form¬ 
ative relations between the two con¬ 
testants. 

1. The transformation from an *T- 
Thou” to an “I-It” reJationship is evi¬ 
dent in the changing interdependence 
of man and nature and of group and in¬ 
dividual. These two aspects belong to¬ 
gether, and the results of this unity and 
of this change can still be seen today. 
The layout of tribal villages (Figs. 8 
and 9), of old towns in Europe (Figs. 

10 and 11) and Asia, the ancestral 
graves interspersed between the settle¬ 
ments of the living generation in China 
(Figs. 12 and 13), the pyramids and 
temples of Egypt, Mexico, and the Far 
East (higs. 14 and 15), the rival sym¬ 
bols of church and castle dominating 
the skyline of medieval towns (Figs. 16 
and 17)—all these bear witness to the 
intimate and direct **I-Thou** relation¬ 
ship between man and nature and man 
and man. When this relationship be- 
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came indirect and cstrangc'd, when it 
turned into an “Mt” relationship, dis¬ 
integrating the s} inbolic and magical 
bonds between man and environment 
and upsetting the oneness of man s func¬ 
tional and personal life, the growing 
abstractness and the t'nsuing disunity 
produced the amorphous charact(‘r of 
all modern towns (Fig. 18) and villages 
and the harsh and purely utilitarian 
attitude tovv'ard nature*. Today the tians- 
formation from the hesitant and whis- 
l^ered dialogue between man and na¬ 
ture to the* aggressive* and loud exploita¬ 
tion of nature and from closely knit 
communities to atomized societies is 
coinph'U*. A juxtaposition of air views 
of the ‘T-Thou’' and the “I-It" periods 
ix'veals at a glance the tremendous im¬ 
pact of this changed state of mind upon 
all prc‘sent w^orks of man: The anony¬ 
mous despotism of nK)clern society has 
destroyed the organic inttidependence 
of villagers and fields and the organic 
clarity of all place's where human be¬ 
ings congregate. The only unity that 
still exists is a unity of disorder. 

If w^e want to open a nevv^ chapter in 
the historv^ of mankind’s relationship to 
nature, we should try to und(*rstand the 
fundamental character c^f the change 
from an ‘T-Thou” to an “I-It” attituch*. 
How can we rediscx)ver thc^ gcmuinely 
creative force wdiich should guide our 
activities in the future? It is for this 
reason that we must pause fc^r a con¬ 
sideration of the* influences which have 
brought this transformation about. 

Wc have dealt with these problems 
in more detail in our Community and 
Environment. On the next few pages 
we have made use, to a certain extent, 
of some of the ideas discussed in this 
work. 

As long as man was deeply imbedded 
in nature and every natural phenom¬ 
enon had a symbolic significance, the 
man-environment relationship was more 
a mutual adaptation than a one-sided 
conquest of nature by man. The re- 
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Courtesy of the American Geographical Society, New York 


Fig. 8.—Sudan, Bari Village. A closely knit social group occupies the compact and fenced-in 
space of this village. Here lile is immediate, and the tracfitional huts arc part of the land.scape. 
The relationsliip b(^tween man and man and man and nature is intimate and direct. It is an 
*'I-Tluni” and rec'iprocal contact. 
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Fig. 9.— Belgian Congo, copper-miners’ village. Unity through repetition is the characteristic 
note of this cantonment for the workers in the copper mines. The pathetic attempt to retain some 
tiling of the indigenous style by putting thatched roofs on the standardized huts is an outward 
svonbol of the helplessness and confusion of an atomized society which has spread its tentacles to 
this remote part of the world. The workers and their families living in these cells are uprooted 
and depersonalized beings and trained as human automata. They are estranged from nature and 
from each other. Life in this regimented agglomeration of huts has lost its immediacy and imposed 
all the prerequisites of an indirect and impersonal existence, of an *T-It” relationship. 




Transformation from an “J-Tiiov ' to an “I-It ’ Kklationsiiip 



Compagnie Aertenne Fran^atsf 


Fig. 10.— France, Aude, Carcassonne. The ancient part t)f tin* town is inclosed by two enceintes 
within which a large number of houses are closely huddled together. The perpkwities which threat 
ened to ove^rwhelm medie\'al man and to disrupt his religiou> and worldly Iov\ilti<*s drove him 
into fraternal associations. The .shells of the family and the guilds, confraternities, and religious 
orders enfolded the individual being. The walls were the ever pre.stuit and bodilv' manifestations 
of these all-embracing loyalties. Tin* towns of tlu* Middle Ages w<'r<- c f)rnmunities in which el<*( ted 
affinities and family bonds were merged into each otlu-r ami wlien^ Iift> w.is immediate and per 
sonal, a perfect ‘T d'liou” relationsliip. 



If--Any where. In the.se .sprawling towns the lust vestiges of a community havc^ disap- 
pe^ed. They are hardly anything else than an agglomeration of innumerable and isolat<‘d dc^tails, 
ot human atoms, and of rows of boxes, called hoii.ses, interspersed bc'tween industries. It is a total 
VIC ory ot .aiss^z htire insen.sibility and reeklcs.sness over organic growth and even over organized 
development. Our towns are work-centered power stations of the national state. The y are the pre¬ 
cursors of the ant state and deliver the vast army of experts. The ‘T-Tt” relation.ship is paramount. 






1 HANSFORMATION FROM AN “I-ThOu” TO AN RELATIONSHIP 



Courtesy oj the American Ceographical Society, yew York 


Fig. 13.—Argentina, Buenos Aires, city of the dead. There' are worlds between the pious de 
votion of the peasant of Old China who sacrific ed to the dt.'ad a v aluable part of his ban'ly suffi 
cient soil and the contemporary solution with its rigidly lined tip monuments for the wc'althier 
families and the n'girnentcd similarity of the humbler grav'os. Depc'rsonalization extends to life 
after death. The dead are cut loose from any direc't contact with the living. Impersonal and ah 
stract relations invade even the revered atmosphc're of this “city” of the dead. 
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Transformation from an “I-THor" to an "Mt” Rei-ationship 



Courtesy of the Agence Jtconomigue des Colonies 


Fic. 14. —Indochina, Cambodia, Angkor Wat, I'lu* temple lie.s licar tJu* royal city of Angkor 
Thom within a park surrounded by a moat. Fis e walls, in ever narrowing rectangles and on rising 
terrace.s', encircle tin? innermost sanctuary, nanoxini; it from thf' mortal k(‘n and yet absorbing 
the worshipers into its all-embracing holiness. Tin- teniph* is i.solatf-d from tlie hustle and bustle 
of the daily life in the near-by town, and yet this i.solation is the verv source of its emotional appeal 
to the awareness of tlte unity of man and tlie nnivcTSe and of the indi\ idual and th<‘ eoniimmitv 
to which he belongs. Here the “I-Thou” relationshij) is demonstrated on a grand scale and with 
the utmost intensity. 



Courtesy of the Ministire des Travaux Publics 


hiG. 15.—France, Pas-de-Calais, mining town. “Honu's and garden,s” for the workers living di¬ 
rectly above the pit where they work form tlie basic pattern of this mining town. Two toy churches 
are inserted into this disingenious and degrading travesty of a town destined for human beings 
whose only comirym bond is thf‘ identity of their aluides. This rigid layout and the unity by repe- 
tibon, these unfailing s)^ptoins of inassification, are the o\'ert sign of an “I-It" relationship. Al¬ 
though places of worship arc' juclnded tlireetly in tlu^ precincts of the town, apparently as the 
exprepion of a community .sjuiit, ’ they are in realitv more Isolated from the life of the inhabit¬ 
ants than the i.solated temple of Angkor Wat, 




Tiiansfokmation from an ''l-Tiioo** TO AN “1-1 t* Relationship 



Fig. 16.— Spain, Toledo. Church and castle are the ri\’al symbols of the Middle Ages. Here in 
Toledo, as in many other towns, Ijoth doininatt* tin* sk} liiK\ The iioiises rise as a compact mass 
in terraces to the highest plal<‘au. 'J'hev arc “intro\crt.” their rooms arranged around an inner 
courtyard; only a ft'vv windows and doors open onto th<- streets. Tlu natur.rl fcaturtrs of the site 
compress Uic town to a conipa< t unit \sliich, just like the “introvert*' liouses, forces the whole 
place into a determined st'chision that increases the jHTsonal c-ontac t of tlic inhabitants. 



Courtesy of the Ministire des Travaux Publics 


Fig. 17.— France, Paris, Billancourt. The industrial district is situated on an island in the Seine. 
It forms an inseparable unit with the residential quarters. Factory chimneys are the characteristic 
feature of tlie skyline. Everywhere they are the symbols of modem society and of its demon, indus¬ 
try. They are the expression of the one-sided preoccupation with work, an attitude which has made 
the existence of modern man lopsided, destroyed the unity of his personal and functional life, 
undermined his intimate and personal relations, and produced the dangerous conditions in which 
a machine-centered managerial revolution can develop. 
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18 Man's Hole in i lian^in;. the face of tin' Earth 


piact'nient ol iiutural was 

rather a modiheation in delonsn against 
external dangcis tJian a delilx'rate at¬ 
tempt at dominating natnif m a spirit 
of aggressiveness. 11 na'inc tiireatened 
to gc't ont of hand, inagie w as expected 
to help. It was an ''I-Thini" rehitioiiship, 
with all the ups and downs inherent 
even in the closest association; and it 
was also a total n Jatioiisliii^ in which 
man was depcmlcait on the universal 
character of the cn\ ironment, being 
iiimseli an integral part of nature and 
dimly aware that tluie w'as nothing 
w liich could not influence in one way or 
anothi'r his own existence and his atti¬ 
tude to the surrounding world. Since 
the scientific revolution, nature has been 
depersonulizcd and the awarem'ss of 
the total ix'lationsliip between man and 
nafiire has been iadiiia; out. 

TaA.NSFOlCMATIO.N FllOM AN "l-d’ll< 


During the hist three thousand years 
of recortled history, man remained 
deeply imbedded in his natural environ¬ 
ment. Nature and man, Jiunian and cos¬ 
mic CM'iits, arc‘ merged into one, and 
man s e.xperience is immediate ancl - 
sonal. Ihe .symbolic significance of 
e\'ents and phenomena is equated with 
actual reality, Iliis producers a particu¬ 
lar conct'pt of tausality and of space 
and time wliich establishes between 
man and the pluaiomenal woi ld an inti¬ 
mate and reciprocal dependence. The 
t'xternal world is a great ‘‘Thoir^ to early 
man. He does not search for imi^ersonal 
laws behind the goings-on of the uni- 
\erse. Constxjiiently, his approach is 
not analytical. 

d’he world of primitive man is still a 
Ji\ing reality today and is still im¬ 
mersed in magic and animism. It is a 

TO A.N 1-1t IIklai lo.Nsme 



ship: the caiy'on ii/t'ahhe “‘sguided “I-It” relation- 

as the exp.es»io„ of the growing abstraLess and th^^Crchar^^C^^^^^^^ S' 



Our World from ihr Air: Conflict and Adapfnfioii 


w orld wdiicli lias no developin'nt as \vc 
understand it. (^hano;e means a break in 
the establisVied and laxiprocal relatifin- 
ship betw'een man and environment and 
w'oiild destroy the* unity between him 
and the natural phenomena. Two 
spluax's pervade^ eaeh other: the macro- 
eosm and the inieroeosin. Tlu' (effort of 
primitivei man is direeted towaird a 
fusion of the two throno;}i ma^ic'al eon- 
taets which make tlu* uni\(*rsa] and flu* 
social space eoalcvsec'. 

Cr<*c*k thoiu^ht is still pc'rmeated bv 
an (*\p(’rienc (' of nature w liich. as Pro¬ 
fessor Butt(*rfic'ld has exprc'ssc'd it, some¬ 
what eontroversiallv. in Tin Origins of 
Modern Srirnrr, “has the door half¬ 
way opc*n to thoiicih man’s in- 

t(*rprc'tation of the nni\a*rse lias shifted 
from unquestioning: bc'lief to the search 
for truth. In spite* of all pro<j;re'ss in lo£ri. 
eal r(*asonini 2 ; and matluunatic's, tlie 
Crc'c'k rc'lationship to nature has re- 
main(*d tinged with the* coiw ietion that 
it is an eminentlv pc'rsonal w'orld in 
w’hich one has to find liis w^ay. The 
great “Thou** still ling(*rs on in spite of 
the brilliant \mfolding of individualistic 
thought and reason. The legacy of the* 
past is still too strong for the Greeks. 
Th<w have not eomplc'tc'lv' shaken off 
the fetters of mythical limitations. 
Macrocosm and mic'rocosm are firmly 
interw’ovcn, and man svmliiolizc's the 
gent'ral in his individual bc'ing. Greek 
symbolism is very concrete*, very direct; 
it C'omc's to life in visible form, not 
through complicated analogies. Thus 
the classical and even the Helk'nistic 
polls is the’ symbolic* (’xpre*ssic:»n of the 
idc’al structure of soc'ii'ty and the only 
cc^rrect form of its synthesis wuth the 
supermathematieal c-osmic ordc'r. When 
cr(*atc‘d, the poJis was limited in size 
and charactc*r, and its scale w’as fixed 
by human standards. Thus life has not 
become abstract, and the relations of 
mem to their towui remain concrete. 

Something similar applies to the 
towns of Old China. The walls were the 
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most sacred part of the town an i , r 
erc'cted first. Thc^ tow’n was cone ; , q 
as a whole frotn the verv l^oginning 
the space created by the inclosmi 
the walls wa.s only gradually fillc'd wrJi 
house's and offieial buildings. Although 
cjuite a number of Chinese towms c'x- 
tc'iid ovc'r a large are*a and their stree ts 
and house*s sef'in te^ fe^rm an inc'xtricable 
mc'ss, tlie’v are vc't systc'matic? and at- 
timc'd to the* human scale*. Life w^as not 
dcprive*d of its immediate* and person¬ 
al charactt'i*. Magical considc-rations 
plavc'd an iiriportant part: The layout 
of a town wxas not only based on prac- 
tic’al c*onditions; it w^as clepr*ndc’nt on 
geomantic rule's, as part of the magical 
idc'a.s which have* dominatc'd Chinese* 
tliinking from earl\' tim<*s. If we look 
from the air at a Chinese towm wdiich 
has rc'tainc'd its f>ld ch;iractc*r. w'C see 
the* sharp line of thc^ walls inclosing a 
sc‘e*minglv chaotic agglome*ration of 
house's in the*ir y:)rofc-‘Cting emljrace*. The 
elirc’ct and intimate* rc'lation betwc'C'u 
man and nature* is still at w’ork. 

The* burghe*r e^f the me*dieval towm 
w’as the dirt'ct succc'ssor of the citizc'n 
of the* polis: The narrow* liv ing space* of 
his towm wais the eentc'r w’he*re* his 
whole* life converged. His spiritual and 
l^ractical activities w'ere* confinc'd to tliis 
limitc'd sphere. Family, guilds, religious 
ordc*rs, and confraternities enfedded the 
inelividual. The town was a community, 
a union in the* semse* e^f brother!lood. 

Christianity tended te'j brt'ak up the* 
magical and tabe'»o links e>T» which blood 
relationship largely rests in China, In¬ 
dia, Japan, and Islamic countri(*s. Elec¬ 
tive affinities assxmied ecpial rights wath 
consanguinous relationships. It is this 
voluntary association which gave a nc'w^ 
sc'curity and created esse'utial precondi¬ 
tions from which an urban community 
c'ould grow. Religion was the great 
“uniter** of medieval life; it guided men 
into the spirit of gc'nuine communitic's 
and made life direct and ]:)e'rsonal. Work 
and family life wa^re one and proceeded 
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Mou\s Role in Chun^hh 

under the same roof. Man-made and 
natural environments retained 
timatc character, and man still ielt that 
he was the center, like the earth, of the 
universe. Nature is on a par with man. 
In the words of Pico della Mirandola, 
which lie puts into the nioutli of the 
Oeator w'hen lie is spe aking; to .Vdam: 
“In the middle of tlie world have I 
placed thee that thou uiavst the more 
easily look about tlieo and see all that is 
therein contained. 

Since the siicntific revolution, the 
awareness oi the total relation.ship be¬ 
tween man and nature has been fading 
out. Life became gradually more ab¬ 
stract, and the relations between men 
lost their personal directness. Religious 
man receded into the shadows of the 
past, and ec'onoinic man appeared on 
the horizon. Group-consciousness w'eak- 


; the Face of the Forth 

i-ned. .<ind the interaction of the gen- 
taal and the individual will melted 
axW until it led in the Baroque to the 
supremacy of a small minority and to 
the leveling-down of the majority to an 
inarticulate mass of obedient subjects 
of the rising staU‘. The strong social and 
religious bonds which had enveloped 
ancf held together the small comniimi- 
ties and which had created a unison of 
individual spontane'ity and communal 
sjiirit—these bonds were broken, and 
the wiiy was open to the social disinte¬ 
gration of the |ireseiit. The new order 
had a far-reaching etlect on the rela¬ 
tionship betwec'D the places in which 
men lived, vvorkt'd, ancl traded. Family 
life and busint‘ss life fell apart. Work 
became the ctaiter around which eva*ry- 
thing else rotated until it swallow^ed up 
tlu' whole of man’s tliinking and feeling 


TRA.NSidHMATio.N FROM AN “J-Tnoi;'’ TO A.N “1-1t’’ Kfi.aho.nsuIP 



Compania Mexicana Aerojoto 


Fig. 19.—Mexico, Guanajuato, Salvatierra. Although tlie country.sidc extends far into the town, 
a genuine and organic relationship) hetwc'en the urban and rural .structures is missing. It is difficult 
to say whether the town or the country is the cause of this lack of systematic utiity and dynamic 
balance between the two settings. The whole eoinplex i.s a moiigrt lized paradox with the preten¬ 
sions of a big city and the purely utilitarian attitude toward nature, 
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()/// World from /Itf‘ Mr: 

and dictated the cycle of his daily life: 
until fragmented man, the finished and 
dangerous product of our limo, the 
result. 

This growing disintegration (an hr 
.s(‘en in the loss o{ hoinogoiM'itv of 
urban and rural settings (Fig. 19 ; and 
in the unrelated attempts at the rx- 
ploitatinn of the? natural resources. Th(* 
new “1-lt" relationship b(‘tween man 
and nature* has dostroyc'd tla* coijtinuitA' 
of tlu^ intimat(‘ and personal c'ontaet 
betwe(*n man and can iromnent and also 
th(‘ unity of tliought linking the (wery- 
day events and the immediate c‘n\ iron- 
iiK'iit to the ord(‘r of the universe. Only 
about tc'u genc'ratiems s(‘parate us from 
the bc'ginning of the* scientific revolu¬ 
tion. But this short pcaiod lias created 
conditions of life which challenge* the 
very essc'nce of our existence. We face 
the disruptive impact of an *‘I-It’' rela¬ 
tionship which extends not only to 
things but also to persons. 

2. The second chain of transforma¬ 
tion consists of four stages in man’s 
C'hanging attitude t(^ his environment, 
all of which can lx* observt'd today 
sometimes in clos(' proximit>’ to one 
another. The first stage is oik* of fear 
and the longing for st'curity—of fear of 
th(^ unpredictable and unknown forc(‘S 
of nature and of protection against 
the 'se forces and the hostility of men. 
Particularly in primitive conditions, 
careless displacement of the natural 
f(^aturcs is the result, 'rhese activities 
lead often to collective work and are 
accompanied by the gradual formation 
of integrated groups. Man feels himself 
a part of nature, and cosmic and earth¬ 
ly events are for him inextricably inter¬ 
woven. His orientations in space and 
time are concrete, not abstract, con¬ 
cepts. He solves his practical problems 
in an empirical manner, and his atti¬ 
tude to the external world of things and 
men is permeated by an “I-Thou” rela¬ 
tionship full of symbolic and personal 
meaning. All this is evident in the 


('otiflicl and- Adapldlion 

works of early and primitive rn iL and 
can he observed today in the wind 
scretm sf'ttlements of the Bushnu*n, in 
fix* pile dwellings of the South Seas 
and of other parts of the world (Fig. 
20'. in the careless disp1ac(*ment of the 
natural conditions for shifting agricul¬ 
ture. in the kraals of the Bantu Negroe s 
{Fig. 21), in the zadruras of t)]d Bul¬ 
garia (Fig. 22), and in many otlx'i in¬ 
stitutions and works. 

The seecuid stage is one of growing 
sc if-coiifidence and increasing observa- 
tion, leading to a more rational adapta¬ 
tion of the environineut to differentiated 
n(*eds. Elementary prot(*ction d(.*velops 
into purposeful reshaping of the envi¬ 
ronment. and displacement of nature is 
followed bv r(‘])laceuient. The objec- 
li\es are complex and interrelated and 
widen in scope and cliaractcr. Man ac- 
(.•cj)ts the challenge of nature as a dis- 
ci[)I<‘ and re-former, and the “I-Thou” 
relationship p(’rsists, though fashioned 
hv man in a diffc'rent wav, and re¬ 
molds the intc*rrelati(^iiship of individ¬ 
ual :ind group and the appreciation of 
the* cosmic and earthlv phenomena cor¬ 
respondingly. During this stage all ac- 
tivitic's bear the same mark of immedi¬ 
acy and reciprocal adjustment. This is 
manifest in such works as the rice ter¬ 
race's and fiedels of Ohina ( I"ig. 2o b in 
the gc'eunantic adaptation of Chinese 
towns to environmental conditions 
(Fig. 24), in the regulation of the rivers 
and the irrigation of the fields (Fig. 
25 ), and in tlie soc ial and religicnis sig¬ 
nificance of the layout of Indian, Afri¬ 
can, and other towns, to mention only a 
fc*w of the innumerable examples. 

The third stage which had led to our 
present situation is one of aggressive¬ 
ness and conquest. Adjustment to the 
environment develops into exploitation. 
The objectives are unlimited and grow 
in diversity but also in disunity (Fig. 
26). With the ruthlessness of a pioneer, 
man expands his living space, and, with 
a complete disregard of the danger of a 
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lov^l. P' Crandt* fishing \ illage. The village stands in the Caribbean eoastaJ 

I u lands, where hide Jiabitable ground is available. It is a eoinpael settlement: home and vvoVk- 
\ cK<. in one and pioviding econonne seeiinlv and physical proteelion against fh<‘ liazards of life 
in tlu> middle of the swamps ted bv the waters of four riv<*rs. naAUQs oi Jite 








■ f-’' 






Courtesy of the American Geographical Society. New York 

supply has been aciiil^ed**b^thf' protch?oi?of Security of food 

and serving as inclosures of tl.e iiulividual Jeraak.^ behind windbreaks adapted to the terrain 



Fkar and Security 



Fic;. 22.—Bulgaria, zaclrii^u \illagc. In tlii.s luo.scly grouped \illage each family farm is sur¬ 
rounded bv a low Mali. Narrow lanes give ac*eess to eva'ry single farmstead, Tlif? village is built 
on the zadruga principle, a soeial unit comprising (me foint family. Hamlets develop bv subdi¬ 
vision ol the joint laniily and by adtiition of new’ buildings. In the course of time* the.se* hamlets 
grow into large v illages whe re the zadrup^a units, forming compact grcnips. car; b<* clearlv discernc'd 
from the other parts infersjHT.s<‘d bc'lween them. 


Confidence ani> Ad|cstment 



Photo GraJ zu Castell 

Fig. 23.—China, Hunan, ric e terrace.s. The northc'rn slopes of the mountains separating Kwang- 
tung from Hunan sweep down from a height of 6,000 feet to a gigantic sea of rice fields, above 
which rise, like islands, hillocks with w’oods and settlements. Every field can be irrigated and 
properly drained. The village in the foreground con.sists of only a fevv hou.ses covering a minimum 
of spac e—no more than can be spared from cultiv'ation. 
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Photo Graf zu Castell 


i*ic. 24. -Ciiiiia, lloprli, Peiping. Tije “lM)rbidd< ii City,” the emperor’s residence, symbolizes 
the very lu?art ol the CJhinese Empire. It is situated right in the eentt?r of the outer city, like the 
yanien, the resident e of tije r« pre.senlati\e of th<? ruler, in any other town. Tlie wliole plan is ori- 
^ted to tin's center, wliit h, physically and psychologically, is the. focal point. The ‘^Forbidden 
City is a town vvithin a town. It is pcrhajjs the only architectural work whose actual execution 
(‘orresponds entirely with the ideal cone <^ j)tion. Rt'ligious-getJinanfit considerations j)lav an essen¬ 
tial part in the layout of tin city ir» g^uieral and in dc‘lail. 
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Courtesy of the Ministire des Travaux Publics 

Fig. 26.— Belgium, Li6ge. The town of Liege extends along the banks of the Meuse River, In¬ 
cluding an island which is connected with both banks by numerous bridges. It is an old town with 
many remarkable buildings, but the modern age, with its ruthless disregard of organic growth, 
has contributed to its disintegration and unsystematic expansion. 
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Courtesy 0} the Afinislire des Travaux Publics 


Fig. 29.- Fraiu'o, Pas ckCalais, coal niiiu aiid lioiiu-s. Tlic* inhuman hlcnuling of woik and li\ ing 
place is j>ait of the mining legion in the north of Fiaiuc-. 'I'he dumps an* the* most conspicnons 
landmarks of the exploitation of tla* natural resources and of the exploitation of the* lumian "nia 
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Man’s Rot, in ( hanpna the Face of the Faith 


mail pm (iii tm- imivvi.^v 
flection of Ins clranc,in‘j; atlitndf tfA\an.l 
tlic environment and vice \tt>a And 
witli these diilerent idea> tlu' scale 
vvadiaiecK and lare^' and conij^reht-aisiv e 
operations replaci d small and isolated 
activities. Ihaiglth tliree pliasos tan bi* 
distineuislu'd. 

(I) l^uriii'j; till- iir^t [)}ias< in.iii i'' tlie 
center oi life on t aitli and the eartli 
is the C't'nter of the nni'o rse w'hic^li is 
eoneeivtal as finite and consisting of 
com I'Dt l it' ''pheres. I his is the systi'in 


of Aristotle which domiiiatctl mans 
thouc;lit for two tlionsantl vears. Simi¬ 
lar conceptions, though slightly modi- 
(i< d. developed in other parts of the 
VV Ol Id. whilo this lasted all activi¬ 
ties oi man vvaae undertaki'ii in the 
same s[iirit: d liev' aimed at stahnlity and 
were limited m sc’opi' and characti'r. 
\atm\' was toptaii'iiLaHl as a multitude 
of eonerete orit'ntations, and. thertdorc, 
a conc’rete, body-like property was the 
essiaitial ijualitv of all human vv'oiks. 
X- far as thes(' conceptions still exist 


lii-.I’ossnm.i rv' .\.m> I’.nick a i io,\ 



Courtesy of the U.S. Soil Conservation Srtvur 


Fig. 30.— United State.s. 3’e.\aN, Hcl! Cj>iiii(\, ((tMiouj jildwini'. Urc.itivr' adajaalion In nature 
is gaining momentum throngli tla- apple ation of seifnfifi<- kimwledge .ind dca per insiglit into the 
work of nature. A new n-sponsihilif\ towanl the .‘'(ul is < iiu rgiiig. Althongli cliffereul in many 
aspects fj'oin the streanilineil terraces of (diina, tlie efletts prodneed are iKA'ertheh'SS siiriilar in 
their sjiirit of ckisc a<laplatiofi to nature. In this jiietiire ol an indi\ idnal farm, the upper slopes 
are cnnirolled 'W’ith terracing and strip ( rt)j)ping and liie lower slope's with strip flopping alone. 
Tins pKKlnee.s a visual (dfect whicli differs from tlie old field systems as muc h as doc.s an abstract 
from a Renaissance’ painting. 




Ri:sr*ONSJuiLiTY anu Unification 



Courtesy of the US. Bureau of Reclamation 


Fir;. 31.—United States, Ari/oiui, Rnulder Dain. tlu* Imh of a lai <;e region. It is a long way from 
the earliest rcgulatitms of ri\ers, wlien a tiain serxa'd as a protec ting seretai lor the surrounding 
country, or from the primitive watiT eontrol t^l Afriean tribes, to the gigantic modern structures. 
To mere protection is addl'd g(‘nerati<)n ol power; to the ne<'ds oi agriculture, tliose of iiulustry; 
and to tlie mimicry witli whieli <'arly works eopit'd natural ieatuK.'s, the sell-conscious originality 
of today, beautiful in its simplicity and dccisixe in its grandenr. The- dam is part of the great 
.schemt' which is .shown on th<* map (Iwg. 32). The electric' pow er plant supplies hydroelectric' 
powc'r and irrigation water to a large area with a highly dev eloped eeonom\-. It is the main source 
of energy which has enabled Los Angeles and the surrounding rc'gion to inen'ase its population 
to a very considt'rable degree and at an unprecedented pace. 
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Oi4r W'orhl fnun th(> Air: f (itid Addpfdfion >1 

tiori/’ Works w hicli c(in still be appro outsiclo inward (3 4 ). 1 lir> an ^on- 
ciated as evidence* ol this particular no- r( i\(*d as liinilcd units lor a stHaou 
tion ol space* during tliis j'x-rioel rcve*al (aine'd and stable* lile* (Figs. 
tlie ir t ha]’ac‘t(‘j islie- icatJUf s Ix'st from h) dlie* li(*]ioce nlric imiv e rse* of 
the* air, ior only the n can the-y show ( V)p( rniens is still finite', tcrniiiiatiiaj; io 

nK)st cle*arly tlie'ii limitations anel the* the* splie-re* e)t tlie* fi\e*d stars, with tli<- 
bc'lie*! ol the’ir e‘re'ate)rs in the* ]')e)ssibilitv smi inste-ad of the; e artli as tlie* ce rite r. 
e)f stable* conditiejns. 'J’he* e’re'ction of A ne*w’ fe*cliT]g of sj)ae‘e‘ de*\'e‘le>j:)s, anel 
le)rtifie-el walls, pre)te'e ting anel ine'le)sing the* re*le‘gation e>f tlie* e arth to a se'ccjud- 
tlie* great eanpires oi the^ Ineas, the l\er arv re)le in the* nni\crsal system engen- 
mans, anel the* Cdn'jie'se* ( h’ig. 33 is an de rs te‘nsie)ns w hich made* the ancic*nt 
outslaneling e'xainjde* e)f this spirit. 'I'lie* conce-j>tie)n of fljo nnive'rse' ine‘aningle*ss. 
te)wris witliin tlicse* empires, as are* also Man is inen‘e*d, with the* earth, te) tlie* 
those* e)f the* Jsnrojie an Middle* Age*s, j)e>ri[)he*iSlow lx but in e sistibb’ the* 
though w ith se)ine meielifie atieuis, and w hole* outleKik ol man ehan<j;e's He* and 
fithe'r j^ai ts of the world, are built from his e-ai th lose* tlie'ir c'e'utral j’yositiein. anel 

liu. (’iiA\ea\<. Se \i.i 



Fig. 33.—China, the Grt*at Wall, riie* eli-:( e)\ e*r\ e^f the third diiiK*nsie)ri, the* conque st of tlu* air, 
has made all national frontiers ohsole’te* and the‘ir ele*fe*nse sense’le ss. Kiontiers haw* l>ee*n rew eale ‘ 
for wliat tlK-*y are in re'ality - hisle)riial incidents. 'I he* Cnoat Wall td t'hina is tin* most e.\pix'ssi\ 
nianife*..station of the* faith e>f a peeeple in pit)teetion hy walls. It is a iTrandios<' veinincl*. r of the pa 
and of the iitrneist limits to which the* se'cnritv of a natienial slate can he ide'nlific*d with fi.xe'd fn>i 
tiers. The Great Wall, hc‘gun about 500 n.c:., sc'rved as prote*c'tie)n against Me)ngol in\adc*rs fre)i 
the steppes. Its fortlike watcdihouses for the stjldie'is and the* nume're>ns tow ers form, tcxgcther w if 
the wall it.self, a formidable de*fe*nse .sy.stern. 



Tiir. (’ll\N<;iNc; SoM^r. 



Fig. 35.—France, Ciard, Aiguesmcjrtes. The place was founded by St. Louis as one of the forti¬ 
fied towns, tlic baslides. A single uniform idea inspired the layout, which consists of a rectangular 
pattern of streets and a centra! square. This was typical of the* Middle Ages wherever a new town 
was founded as a coherent unit. In return for the plc>ts alloted to the*m the settlers helptid in the 
building of the walls. Aiguesrnortes is not more than 596 yards by 149 yards in extent. It served 
as a strong-point in a sparsely inhabited region. It is situated in an isolated position in the marshy 
plain of the Rhone Delta. 
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Fic. 37.—Switzt-iland, Canton of Znricli, Rcgensbcrg. Tlic cliaiac tcristic fraturo of tlio sma 
town is the castle. In former times it was the all irnpt)rtant c<‘nter ol social and economic lif< 
The sitriation on the toi^ of the hill <tcts as a natural restriction to the size of the town. 
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Fic;, 39.- Italy, Vcnif St . Murk’.s Sf[uai»*. "I'li*- S*juai»* flir t of lifo in Venice. It is out* 

of tJie most perl'( t < \;inij>lcs ol an open air l<-sti\al hall snrronndtai on tliroc ,si<I».‘s b\' nnilonn 
buildings and on the fourtlt closed by the Church of St. Mark, ’I he piazzctta, a smaller square of 
similar proportions, opens the main stjuaie to the wat<afront. 









Aero films Ltd. K.L.M. 


i'K^. 'lO. Nt'tlH'ilai kIs, Ni)rtli Ilollaml, NaaitK^ii. I Ik* fi>rtr<*.ss staiais tlu* sIhjk'S <>i the 

Zuider Zt‘(' and lh<‘ Naardt rnu'rr a'^ ]>rutc’etion (^1 Auisti'rtlaiu liian the \vi st. It is dik* v)f tin* finest 
examples of Reiiaissanet* fortifications. M'ith tlu* appearanee of loinj; vauKc* lireanns, tin* simple 
walls w<*rt. rt*plac’<*d hy a eornphealed system of bastions and ramparts siirroniidt'd b\' moats, 'bins 
(*oiiKided with a new c*oiKc‘ptioii of town plannine and t‘specially with the* introduction of per- 
sp<*eti^■e the re.snlt of the ehaiiKc'd eonc’<*ptii»n of the uin\erse originated b\ t'operniens and Chor- 
dano Bruno. In Naarden tlu* ^ hnit'h oeenjn<*s the et'uler, while in Itab- tlu* ec'ntc’r was mostly re 
S(‘rved for the piazza eVarmi, the* mee ting plac e (»f the defenders. 
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verse cannot be created from outside. limits of expansion have been reached 
During this period, from tlie begimiing Tlie eaitJi is fully knoun. frontiers and 
of the seventeenth century to modern walls as protection are recognized as 
times, the evolution of the feeling of historical incidents and as useless dem- 
space is more or less identical with a onstrations. Oiir towns aic shapeless, 
quest for expansion, with the breaking- flow ing over into the country, 
down of limitations, and with the belief At incsent we arc in a paiticularly 
in ail almost automatic progress, ‘loday dangt.’roiis but also paiticulaily forma- 
we are face to face \\ith the confused ti\'c period of transformation. The old 
results of this inodt' of thinking. The ideas ol .space are still strong, and the 


The of CoPEiCMca s 



Courtesy o] the Ministdre des Travaux Publics 


fiG. 411'raiicc, s-Oricntale.s, M<nitl<iuis. P’oinickd in KSSI })y Vaiihan, tin? French 

military t:n^iiKH^r^ tjjt* place cxliihits the .starlike form wliit'li has inatle his fortifications famous. 
It stanefs on a plati an encircled by the deep valley of thf; Tet Ftiver and .served as a frontier for¬ 
tress against Spain. Small fields, owing to the mounlainofjs character of the country and to re¬ 
peated subdix'i.sion.s, surround the two villages; one laid out compactly and the otlier as a roadside 
settlement. 
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Our World fro7n the Air: Conflict and Adaptation 


new concejDtiOMs liave not yet found a 
concrete expression. This confused state 
of mind is visible in all parts of the 
world. The illusion of infinite spread 
and the conviction that individual and 
\mrelated actions will produce a coher- 
I'nt whole are fading away. When we 
look down at the earth and at the re¬ 
sults of man’s transformations, w(^ may 
be impressed by thc^ cpiantitative 
change—although this should not be 
overrated—but the qualitative aspects 
can hardly command the same positive 
tribut(\ The gc'nc'ral picture is one of 
disintegration, disorder, and irrespon¬ 
sibility. Only here and thtae a few be¬ 
ginnings of co-ordination, systematic 
d('V(“lopment, and rc'sponsibility can be 
discovered. The new feeling of space 
sc'cms so far merely to bc‘ a cult of big¬ 


ness. Its true implications still await 
thc‘ir consummation in a language of 
form which grows out of the deep lay- 
c IS of human creativeness. 

d ) The widening scale of man’s trans¬ 
formations suffers from the same and 
facile deception that bigness is identi- 
( al with large (mterprises. The problem 
is mucli more complex and will not be 
solved by the immature and blind 
boosters of quantity or by adherence to 
thc^ dogma that quantity turns into 
(piality, if and when the cpiantitative 
incj ease of change has reached an over¬ 
whelming scale. 

Moreover, scale, like many other no¬ 
tions, is relative. When we fly from 
r.ngland to Japan, the gradual change 
of scale is perhaps the most striking im¬ 
pression. Scale is small in the British 


The Impact of Copehmc:i'S 






Fig. 42.— Italy, Rome, St. Peter’s Scj[uare. The church has been placed at tlie end of the per¬ 
spective view which corresponds to the new' heliocentric id<?a of the iini\ ers(^ Like tw'o enormous 
tentacles, the Colonnades of B(*rnini encompass the forecourt, linking the enscanble of the cliurch 
and the gently rising square to the opposite* end, w4iere originally a continuation of the perspecti\'e 
layout was planned by Carlo Fontana. 
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Isles, jjicrcLises over Europe, grows to 
large dimensions o\cr Jlnssia, only to 
deereuse again o\'er Jupuii. This is not 
excliisiv('ly the result of ij^eo^rnphieuJ 
factors, tboiuj;!} fhc'se pluv a not entire¬ 
ly negligible role. It is more* the ont- 
eome of the changing attitude of the 
inhabitants toward their r(\spec*tive t‘n- 
\ iroiin)('nts. f low ex’er, the \ arviu<g scale 
is inaiiitcst in many things which are 
far reinoved horn the iJireet and ph\'si- 
infliK'iu e of the eu\ ironnient. Ile'ie? 


are a few' examples. For the West Euro 
jx an, his garden is a eollt'etion of beau 
tifIII flowers arni j)Iants arianged a? 
pleasingly as possibk\ or rigidly as tht 
ornamental gardens of Spain or Franci', 
or with modest v'ariet\' as the peasant 
yardt'ns of Austria and .Switzi'rland. For 
the Japanese, the gardiai is a micro¬ 
cosm c'onscioiisly created out of na¬ 
ture's overw helming diversity’ as a *Von- 
centratixE nature within a limited 
space'. something cpiite different; 
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.\> (?/ I/tf' r ,S. Air f'orce Photo Reconnaissance JMhoratories 

.w'.v l ' ’ T'"' of ‘I'O airplane sweeps 

i seLlT" T" '•'"■ffX-ons. Kailways, rears, and airplanes, all together, 
il eo-ordinat< d, open up the remotest and almost forgotten parts 

world. The mtrodnetion of the helicopter will complete this devel^rnent^Re 
? e- ‘ *^'5'^ scale; and physical and, above all, cultural dceentrali- 

lou will result from this tremendous transformation. Witliin the wide; and elastic 
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Our World from the Air: Conflict and Adaptation 

The size of the paper on which we of scale and its gradually widening 
write is gt^nerally smaller in England character? The answer can be given 
than in Middle Europe and Russia, succ^inctly. Today we must reconcile 
while it is smaller still in Japan. Or the two diametrically opposite aspects: the 
houses: Broadly sj)eaking, they are infinitely large and the infinitely small, 
smalha- in England, in general larger in This means, therefore, not merely an 
Phirope and Russia, but distinctly (‘xtension but, at the same time, also a 
smaller in Japan, This applies of cour.se limitation in space. The new scale is 
only to the indigenous and old build- more than the expression of a trans- 
ings, not to the Enropeanizc'd mon- formed ('iivironment as such. It is an 
strositics dottc'd over the whole route, intellectual advt^nture into the totality 
W^hat, then, is the eonc'ct assessment of phenomena and conditions which 



framework of regional unity new coiiiimniities will come into being, and the oppres¬ 
sive doininaiue of the big cities will gJNt* way to a balanced structure of settlement 
in which <*v<*ry coininnnity will Iium* its rightlnl place. 

'rhe shrinking of the; world wliich the airplane accelerates with e\<'ry new improve¬ 
ment means the approaching end of the sovereign national .states. It opens the way 
to life-centered communities. It marks the beginning of tht' end of the work-centered 
cities and towns. 
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surround us. As a inattc'r of fact, this 
has always been so. It is evident in a 
Zulu kraal, eveiy^ part of hieh is with¬ 
in easy walking distance and w inch can 
be taken in as a whole at a glance (Fig. 

44) ; in the small Gelds of Europe (Fig. 

45) ; in the small and compact settle¬ 
ments in oases (Fig. 46): in hilltop 
towns of Italy, Spain, and Switzerland 
(Fig. 47); or in medieval towns of Eu¬ 
rope and even in the lars^e cities of Old 
China (Fig. 48). 

And what is tlie ( haractcristic of this 
widening scale? It is the atiinement of 
the human scalc^ to the univ('rsal scale, 
the simultaneous and willing experi¬ 
ence of the infinite, and the acceptance 
of the safety which the human scale 
provides. Only if both these scales are 
joined together on the same leved of 


importance can we hope to regain some- 
tliing of the old unity between the two. 
Nfc-rc bigness crushes the human scale 
aiK creates diffidence and finally social 
disintegration. 

It would be a wrong assessment of 
the significance of the airplane if we re¬ 
garded it solely as an instrument that 
brings home most dramatically the 
shrinking of the globe. This is only one 
side of this new venture. The airplane 
(‘uablt's us for the first time to look 
down—in the truest sense of the word- 
on man’s w^orks from above and to see 
them as a still very imperfect attempt 
at reshaping the natural environment. 
It imposes upon us forcibly the insig- 
I ificance of what man has done so far 
to the earth and tlu‘ challenge of the 
human scale which we almost lost 


Tile Human Scale Preserved 



Courtesy of the American Geographical Society, New York 


Frc. 44,—Britisli East Africa, Kcinya, Ki.smrm, Kav'irondo kraals. The Kavirondo arc agriculturists 
and dairymen. Their area is relatively closely settled, and kraals cov'cr the countryside in unending 
succession. The cattle pen is .sometimes in the center, where it is well protc'cted. The ring fence 
gives a feeling of limitation and helps to preserve the human scale. 
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tlijough the cljildish adoration of the 
big and yet so inadequate buildings and 
struc tures ereetc‘d by man. 

In a rc^cenl leetmci to the European 
Manageincmt Clonference, Ortega y Gas- 
s<‘t }iad tlic’ courages to tell this audience 
oi managerial ]^uijdits that productivity 
alone was not identical with the econ¬ 
omy ol a society but that the economy 
\N'as intimately c‘omi(‘C‘t('d with the so¬ 
cial C'liaracer oi that soc'ic^tv. lie argued 
that tlic* social nc.wus, in spite? of an in¬ 
crease in j:)iodueti\ity lu' rc'brred oiily 
to Kureqx*, but liis argument applic\s, of 
course, to other countric's-dias beem dis- 
int<‘grating. Since* the war there had dc^- 
vc‘lopc'd a nc‘w social phenomenon 
wliielu taken te)geth<.x w ith the social 
disintegration in ge'ueral, was an omi- 
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nous sign of be^wilderment and fear. He 
called this phenomenon ^‘nationalism 
turned inward.** What he meant by this 
is that the war marked the end of ex¬ 
pansive? nationalism and that since its 
c*nd countries had begun to pay increas¬ 
ing attention to tlieir owui national cus¬ 
toms and had become consequently 
more parochial. Instead of fighting each 
other and admiring the courage of their 
enemies, thew denigrated each other, 
\ ilific'd eac h otlicr’s w ay of life and in¬ 
stitutions, and hated each other more 
than c'vcr belc:ue. And he concluded his 
argumcait l>y suggesting that this “na- 
timialisni turnc'd inward * was a sign of 
(he refusal to find a rc'placernent for 
war. W c' may add that it is also a sym¬ 
bol of thc^ rivaling forc'C's of nationalism 


Hum a n Scaui : Presf.i? \ ed 



Fig. 45.— Finland, Gulf of Bollmia, laininka. Farms are c lustt^red around a ehurch in a small 
wood; others are widely dispersed o\ «'r tlu* c-ountrvside, and fields are laid out in strips. The phVvSi- 
cal structure of the whole area is only loosely knit together. In spite of this wide clispersion, the 
human scale is a living reality expressed in the small fields and in the niiinerous single farms dotted 
over the land as an ever present reminder of man as the measure of all things. 












Courtesy of the Italian Embassy, London 

Fig. 47.—Italy, Latium, Monteconipatri. 'i hc town repr<;s('.nts an ideal form of a liilltop settle¬ 
ment focused on dic^ church, which stands riglit in th<; center. At tlie farther taid is a palace. Tlie 
outer street follows the contours of the hill. The whole is an c.xtraordinarily heaiitifnl architec¬ 
tural composition in which everything, man-made works and nature alike, is adapted to human 
proportions. 
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Fic;. 48.- China, Shc-nsi, Sian. Sian is tlir prox iiit ial capital of Shensi. It is one of the oldest towns 
of China and has r<*peatedly been tlie capital of the Chinese Empire. It is sitnatt‘d on tlie Wei 
River. The main arteries lead straight through the town from one gate to the other. Between them 
is an inextrieable maze of lanes and side streets. C4iine.se towns art' laid tint mostly on a rectangu¬ 
lar ground plan within the inclosure of tht' xxalls which were built first in accordance with re¬ 
ligious ritual. Gradually the innt'r .space was fillc-d with buildings. I'he towns of C^ld China com¬ 
bined growth and organization. They solved this st'ciningly irreconcilable problem because life, 
and also such practical works as building, was deeply imbedded in religion and magical symbol¬ 
ism. The bonds of the family and the clan were of primary importance. Especially within the maze 
of the secondary streets tlu* human .scale was pre.s<*r\’ed, an<l lift' retainetl its imniediate and pt'r- 
sonal charac'ter. 
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and universalism and of the apparent mensioii, the conquest of the air, and 
incompatibility between the chores of a tlie rcsliaping of our environment. It 
daily life-routine within the parochial uiay be <\\pected that this ai^proach is 
narrowness of a national state and the not to the liking of the eternal realists 
latent yearning for universal oneness. the hosts of pygmies who call them- 

What has this to do with the new selves experts. For them, only that 


scale which the airplane—and the mod¬ 
ern means of mass coinmnnications—has 
given us? The answer is plain; The new 
scale has outrun our political and social 
comprehension and brought matters to 
a head. The iin'erted nationalism is 
rncaxdy an escape, because national fron¬ 
tiers have become meaningless, and yet 
the unity of the v orld e\ ades us. This 
helplessness is a product of fear—but it 
could also be the very beginning of a 
new departure, for it can release the 
forces of self-examination and intro¬ 
spection which are still hidden in the 
soul of confused and irritated nations. 

Ideas are more potent forces than 
material achievements. They are the 
re.il driving power bc*hind our actions. 

1 his is the reason whv this paper has 
been written with a strong emphasis on 
the imponderables which are at work 
behind the discovery of the third di¬ 


counts which can be seen and touched 
and used dircxtly and practically. For 
them ideas are thin air, “such stuff as 
dreams are made of.” They will, let us 
hope, dismiss the tenor of this paper as 
abstract and almost useless, for they are 
so preoccupied with their pet subjects 
that they never see the woods for the 
trees. 

Today the w hole world is our unit of 
thinking and acting. Nothing can de- 
\(‘lop in isolation, and the transforma¬ 
tion in one country produces direct re¬ 
actions on the physical and social struc¬ 
ture of all the others. This awareness is 
perhaps the greatest triumph of the 
conquc'st of thc‘ air. It dc'pends e.xclu- 
six ely on the' sjuTit in which we take up 
this challc'ngc', not on our material 
achievements, whether our independ¬ 
ence of the surface of the earth which 
the airplane has made possible will be 
a blessing or a curse. 
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The Agency of Man on the Earth 

CARL O. SAUER” 


THE THEME 

As a short title for the present con¬ 
ference we have spoken at times and 
with hope of a “Marsh Festival/* after 
the stat(‘sman-sch()lar, George Perkins 
Marsh, who a century ago considered 
the ways in which the Earth has been 
modified by human action (Marsh, 
J8() l, 1874). 4 he theme is the capacity 
of man to alter his natm al environiiient, 
the manner of his so doing, and the vir¬ 
tue* of his actions. It is concerned with 
historically cumulative effects, with the 
physical and biologic process<.*s that 
man sets in motion, inhibits, or deflt'cts, 
and with the difference's in c'ultural c*on- 
duct that distinguisli oiu' human group 
fiom another. 

Every human population, at all time's, 
has needed to evaluate' the' e'ce)nonjic 
poU'iitial of its inhabite'd area, to or¬ 
ganize its life about its natural environ¬ 
ment in terms of the skills available to 
it and the values which it aecrepted. In 
the cultural mlse en valrur of the cn- 
varonmt'iit, a deformation of the pris¬ 
tine, f)r prehuman, landscape has been 

® Dr. Sauer is Prufi’ssor ul Ca'ograpliy at 
the lIniM*rsit\ of C^aliluriiia, Be*rkol< v, and 
was cliairinan of tlu; D<'parliiu*iit of Geogra¬ 
phy (1923-54). Ik' is a ine'iiiber e)f the ad- 
x’isory hoard of the Jolni Simon Guggenheim 
Me'niorial Foundation; wa.s prc'sidcnt for 1940 
of the Association of American Geographers 
and is its honorary president (1955-56); and 
recipient in 1940 of the Charles P. Daly Medal 
of the American Geographical Society. His 
publications incliidt': Ahoriginal Population of 
Northwestern MexicOy 1935; Colima of New 
Spain in the Sixteenth Century, 1948; and 
Agricultural Origins and Dispersals, 1952. 


initiated that has increased with length 
(d occupation, growth in population, 
and addition of skills. Wherever men 
live, they have operated to alter the as- 
pt'ct of thc‘ Plarth, both animate and in¬ 
animate, be it to their boon or bane. 

1 he gt'iieral theme may be described, 
theiefore, in its first outline, as an at¬ 
tempt to set forth the geographic ef- 
li ets, that is, the appropriation of habitat 
by habit, resulting from the spread of 
difh'iing cultures to all the oikouniene 
tliroughout all wt.' know of human time. 
We iK't'd to understand better how man 
has disturbe'd and displaced more and 
niore of the organic world, has become 
ill T>K)r(^ and more regions the ecologic 
dominant, and has affected the course 
of organic evolution. Also how he has 
work'. tl .surficial changes as to terrain, 
soil, and tlu' waters on the land and 
how he has drawn upon its minerals. 
Latterly, at least, his urban activities 
and concentrations have effected local 
alterations of the atmosphere. We are 
trying to examine the processes of ter- 
rt'strial change he has entiained or orig¬ 
inated, and w^e are attempting to ask, 
from our several interests and experi¬ 
ences, relevant questions as to cultural 
l>ehaviors and effects. Thus we come 
properly also to consider the qualities 
ol his actions as they seem to affect his 
future well-being. In this proper study 
of mankind, living out the destiny as¬ 
cribed in Genesis—“to have dominion 
over all the earth”—the coneern is vah'd 
as to whether his organized energies 
(social behavior) have or should have 
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a quality of conerrn with io^ard i<’ his 
posterity. 

ON THE N ATI in 01 M \N 
The primordial condition of man set¬ 
ting our kind apart fioin otla'r pi imates 
iiiN’olvTTl more than hands, Iirain, and 
walking upright. Man owes his siu‘c*ess 
in part to his digesfi\a‘ a]<[)aratu.s, w hich 
is ccpiiilcd hv none* of his nt'ar kin or 
hy fc^\v otluT siniihij'lv onmi\oro!is ani¬ 
mals as to the run<j:r of pottaitial food 
w'iiic h c :iii sustain him on a ini.\t*d, \<'g- 
c'tarian, or tiesh diet. The long, helpless 
infancx and the dependenec' through 
the years of childhood haw forgc'd, it 
would seem, ah orig/nc' a maternal bond 
(liat (wpiesses itself in p(a'sistc‘net‘ of 
family and in formal recognition of kin¬ 
ship, system of kinship being perhaps 
the first basis of social organization. 
W'Ik'h humans lost tli<‘ oestrons exah* 
is unknown; its weakenimj; and less is 
probably a feature' of domc*stication, 
and it may liaxe occurri'd c-arK' in the 
history of man, eldc'st of tlie domesti- 
c'ate'd creatures. 

Built into the biologic nature of man 
therefore' apj'iear to be* qualities ttaiding 
to nia\imi/e geographic t'xpansixcness, 
vigorous reprodnc’tion, ancl a l.ieut to 
sex’ial d(‘v(‘lopiiK'nt. Jlis extremn huxl 
range? favored nuin(?rical incK-ast'; I 
ejuestion, for iii.stanc*e, any assumptions 
of spf)radic or vc*ry sparse* populations 
(>{ Baleolithic man in anv lands he had 
(K c npied. The dominant and c’ontinu- 
e)ns rejlf of woman in caring for the* fam¬ 
ily suggests further inferences. Maternal 
ciutie> })U‘scrib('d as sedeaitaiy a life as 
possible. Her collecting of food and 
othei primary materials was on the 
short tc'the.T of her dependent offspring. 
Hers also was the care of what had 
bee n cedlccted in excess of immediate 
need, the; problem of storag(*, hens the 
direction toward homemaking and fur¬ 
nishing. 7 o the “nature” of woman we 
may perhaps ascribe an original social 
grouping, a cluster of kindred house- 
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holds. Ill wliuli .'ic'i't' staved lioiiit- tu 
\satili over b.iinis and buggai;.- svliilo 
oIIkts r.iiij^od idifld. Jhdn-siltinu max 
l)i‘ ono of tliv iiK'sl uuciciit c f Imiiiaii 
institutions. 

lm])lieit in this inteij)ietation ol tho 
nature of man and priniordi;il s(»eit't\, 
a'' bast'd on his ticnil to s('dentaiy lib* 
and chisterimg, art* territori ilitx’, the 
pioxision of stores against stason of 
lack, and prob;»bl\’ a tc*ndi'ncv to mo- 
noganjy. I'liesc* traits are familiar 
enougli among nnuierous anij/ials. and 
there is no reason for dc'uxing them to 
primiti\(‘ man. Shifts of population im- 
j)Osc'd b\- .seasems do not mc'an wander¬ 
ing. homeless habits; jiomadisij] is an 
acKancc cl and spec ializc'd mode' ol lile. 
h'olk w’ho stufic'd or starxc’d, who took 
no heed of the juoriow, could not ha\t' 
j:)osst'ssed tiu’ Earth or laid tla* founda¬ 
tions of human culture'. 1'o the’ anc'es- 
tral folk we mav rather asc.iibe ])iaeti- 
cal-minded ('coiiomy of ellort. 7'lu'ii- 
.suee c'ss in snrx’ixal and in dispt'rsal into 
gix'atly differing habitats te lls ol abilitv 
to derixe and Cffiniuuuicatc' sc'usiblc* 
iudginents from changing c'ire-nm- 
staiicc'S. 

7'he c'ulture ol man is heu'xxith eon- 
sidcicd as in the main a continuum 
fioni tliC' beginning; such is its treat¬ 
ment by arela-ologx'. dlu' iceord of aiti- 
facts is much greater, more* c-ontinnous, 
and bc'gins earlic'r than do his rc'c'ox- 
c n-d skeletal iJ'inairrs. dhert'bx’ hangs 
the still-argued epa'stion of human c'xo- 
lution, about which dixcrgc'iit x'iexv’s aia* 
unreconciled. If culture* wais transmit¬ 
ted and adxanec'd in time and .space* as 
the; arclK'ologic iccoicl indicatc's, there* 
xvould appc'ar to be a linkc'd history of 
a mankind that includes all the specific 
and geiR*ric liominid classifications of 
physical anthropology. Man, sensu lati- 
ore, therc'forc; may conceivably be one* 
large .spc'cics comple x, from archaic to 
modern forms, always capable* of inter¬ 
breeding and intercommunication. Var¬ 
iation occurred by long geographic iso- 
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lation, blending iisnally when different 
stocks met. The* fonnea' is accepted; the 
latter seems assured to some and is re- 
jee ted l^y otlicrs, tlic Mount (Carmel se- 
ri(\s of skulls Ixa'nci: thus notoriously in 
dispute. 

Nc'anderthal luau. ])or)r follow, lias 
had a rough time r)f it. ih' in\('ntt‘d thf‘. 
Moust('rian culture, a major advance 
which a])pears to lja\(' boon derived 
li'oni two antcaior cultmc; line's, lire 
Abbe Breuil has cn'dited him with cc'r- 
oinonial cults tliat show a dcwoloped rc'~ 
ligious belief and spiritual c'crc'inonial 
i'Hrc'uil and T.antie r, 1951, c lja]). xviii b 
lioxcl, in his st'iolooic classiOcatieaj of 
mankind (1950), the' only s\stem avail¬ 
able' on a ge'ia'tic basis, has surmise^d 
that Ncaudc'vlhal is ancestral to a Paleo- 
I'uropc'an rae'e*. There is no basis for 
holding Neandc'rthal man as mentally 
infc'rior or as unable to cope' with tlie 
late' Ploistoc't ne change's ot European 
climate\ Yet thc'ro re'iriains aversion te") 
admitting him to our ane'C'strv. Tlie^ sad 
confusion of physical anthropologv is 
partly the rc'sult of its meager knowl¬ 
edge' of hc'roditarv factears, but also to 
Ilonio's rcadinc'ss to crossbreed, a trait 
of his domc'stic ation and a brc'ak with 
the' consc'rvatism of the' iiistinc'tivc'. 

\Vc are groping in tlic' e)bscurity of a 
dim past; it mav be* be'tte'r to c-onside'r 
cultural growth tliroughout luiman 
time' as prc^c'c'c'ding bv ime'ution, bor¬ 
rowing, and ble'iicling of Ic'arning, 
rathe^r than bv c'volution of human 
brain, until wc' know^ more' of biological 
e volution in man. d’hc' little that we 
have' of skc'lc'tal rc'inains is subject to 
unrc'conciled C'valuations; the rc'C'ord of 
liis work is less c'cpiivocal. The question 
is not, c'ould Pc'king man have left the 
artifac'ts attributc'd to him, as has been 
thc' subject of dc'batc', but did he, that 
is, do the bonc's belong with the' tools? 

When primordial man began to 
spread over the Earth, lie knew little', 
but what he' had learned was by tc'sted 
and transmittc'd experience; he cannot 


liave been fear-ridden but rather, at 
Ic'ast in his successful kinds, was ven¬ 
turesome, ready to try out his abilities 
in new surroundings. More and more 
he imposed himsc'lf on his animal com- 
jK'titcns and imprc'ssc'd his mark on the 
lands lie inljabited. Whc'rc'vc^r hc' set- 
tl(‘d. he c ame; to stay unless the ciimatc' 
c'hangc'd too adversely or the spreading 
sc'a drove; him back. 

c uxrATic cHANcaes and 'Hieir 

KT FECTS ON Vf AN 

1 h(' age of man is also the Ice Age. 
Man may have witnessed its beginning; 
\vn pc'rhaps are still living in an inter¬ 
glacial phase. His growth cT Ic'arning 
and his expansion over the Earth have 
taken place' during a gecdogic period of 
e xtreme instabilitv of climates and also 
of c'xtrc'inc' simultaneous climatic con¬ 
trast. His span has been cast within a 
pcTic^d of high enxaronmcntal tensions. 
Spreading icc'C'aps caused the ocean to 
slirink back from the shallow conti- 
nc'Tital margins, thc'ir waning to spread 
thc seas over coastal plains. With low- 
('r<‘(l s< a ]c'\ els. rj\ers tic'nc hecl tlic’ir 
xallc'v floors below coastal lowlands; as 
sea Ic'vc'l rose, strc'ams flooded and ag- 
gradc'cl their vallc'ys. Glacial and Re- 
ec'Tit time have been governed bv some 
sort of climatic pc'ndnlnm, varving in 
aniplitndc' of swing, but affectiug land 
niicl sc'a in all latitude's, and life' in most 
areas. The effects liave bc'c'n most felt 
in tlu^ Northern Hemisphere, wdth its 
large' C'ontinental masses, wnde plains, 
liigh mountain ranges, and broad pla¬ 
teaus. Millions of square miles of land 
w^c're alternately buried under ice and 
c'.xposed; hc're, alsc;), the shallow seas 
upon the' contiru'ntal shelf spread and 
shrank most broadlv. 

This time of recurrent changes c^f at¬ 
mosphere, land, and sea gave advan¬ 
tage to plastic, mobile, and prolific or¬ 
ganisms, to plants and animals that 
could colonize' nc'w9y available bodic's 
of land, that liad progenv some of 
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which withstood the stresses of climatic 
change. The time was favorable for bio¬ 
logic evolution, for mutants suited to a 
changed environnu'nt, lor hybrids 
formed bv mingling, as on c'cologic 
frontiers. To this ptaiod has been as- 
signt'd the origin ol many annual plant 
species dependent on heavy seed pro¬ 
duction for success (Ames, 1939). 
Adaptive \ariations iii liuman stocks, 
aided by sulficiontly isolating episodes 
of Earth history, have also been in¬ 
ferred.^ 

d'lie duration of tlie Ice Age and of 
its stages has not btaai determined. The 
old gness of a million vears o\'er all is 
still convc'iiicnt. The four glacial and 
thrt'c interglacial stages may have gen¬ 
eral validit\’; ther(} arc' doubts that the\' 
were' strictiv in phase in all continents. 
In Nc^rth .Xmc'rica the relations of the 
.se\'era] continental icecaps to the phase's 
of Rockv Mountain glaciation, and of 
the latter to the Pacific mountains, are 
onlv inferred, as is the tie-in of pluvial 
stages in our Southwest. That great 
lakes and jDermanent streams e.xistc'd in 
many of the present dry lands of the 
world is certain, that thc'se phi vial 
phases of intermediate latitudes corre¬ 
spond to glacial ones in high latitudes 
and altitudes is in considerable part cer¬ 
tain, blit only in a few case's has a plu¬ 
vial state been securely tied to a con¬ 
temporaneous glacial stage. 7Te prom¬ 
ising long-range correlation of Pleisto¬ 
cene events by eustatic marine terraces 
and their dependent alluvial ter¬ 
races is as yet only well started. Ex¬ 
cept for northwestern Europe?, the cal¬ 
endar of the later geologic past is still 
very nnc(?rtain. The student of farther 
human time, anxious for an absolute 
chronology, is at the moment reiving 
widely on the ingenious astronomical 
calendar of Milankovitch and Zeuner as 
an acc'c'ptable span for the Ice Age as a 
whole and for its divisions. It is not ac- 

1. As ri)f)st r(*cf'rifly by Coon, 1953. 
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c t'ptable, howevea*, to meteorology and 
c limatologv." Slowly and bit by bit only 
art' we likely to see the pic'ces fall into 
th('ir propt'r order; nothing is gained by 
assurance' as to what is insecure. 

Tlu' iK'wer meteorology is interesting 
itself in the dynamics of climatic 
i hange (Shapley, 1953; Mannerfelt et 
a!., 1919). Changes in the general cir¬ 
culation pattern have* bcx'ii inferred as 
comc'ving, in times of glacial advance, 
more and more frec|uc'nt masses of 
moist, relatively warm air into high lati¬ 
tudes and therc'by also increasing the 
amount of c hmd cover. The importanee 
now attached to condc'nsation nuclei 
has directed attention again to the pos- 
sibk' significanc'e of volcanic dust. Syn- 
()])tic climatological data are being ex¬ 
am iiK'd for partial modc'ls in C'ontem- 
porarv conditions as conducive to gla¬ 
ciation and deglaciation ( Leighly, 1949, 
pp. 133-34). To the stuclent of the hu¬ 
man past, reserve is again indicated in 
making large climatic reconstructions. 
Such cautions I should suggest, with re- 
ser\’e als(^ as to my competence to offer 
tliem, with regard to the following: 

It is misleading to generalize glacial 
stages as cold and intc'rglacial ones as 
\\ arm. The d('V('loping phases of glacia¬ 
tion probably required relatively warm 
moist air, and decline may have been 
bv the dominance of cold dry air over 
the ice margins. 7'he times of climatic 
change may thus not coincide with the 
change from glacial advance to degla¬ 
ciation. We may hazard the inference 
that developing glaciation is associated 
vvith low contrast of regional climates; 
regre.ssion of ice and beginning of an 
interglacial phase probably are con¬ 
nected (although not in each case) 
with accentuated contrast or "continen- 
tality” of climates. One interglacial did 
not repeat necessarily the features of 
another; nor must one glacial phase du- 

2. Shuploy, 1953; Willc'tt, 1950; Simp.son, 
C. C., 1934, 1940. 
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plicate another. We need only note the 
difference in centers of continental gla¬ 
ciation, of direction of growth of ice 
lobes, of terminal moraine-building, of 
structure of till and of fluvioglacial 
components to sec the individuality of 
climates of glacial stages. In North 
America, in contrast to Europe, there is 
very little indication of a periglacial 
c'old zone of tundra and of permafrost 
in front of the continental icecaps. 
Qu(\stic)nable also is the loess thesis of 
dust as whipped up from bare ground 
and deposited in beds by wind, these 
surface's somc'how becoming vegetated 
by a cold steppe plant cover. 

Tlie events of the last deglaciatioii 
and of the *‘postglaciar are intelligible 
as yet only in part. A piiori it is reason¬ 
able to consider that the contemporary 
pattern of climate's had become rncDre or 
less established before the last ice re¬ 
treat began. Lesser later Icical climatic 
oscillations have been found but have 
been improperly extc'iided and exag¬ 
gerated, however, in archeological lit¬ 
erature. In the pollen stiidic's of bogs 
of northwestern Europe, the term “cli¬ 
matic optimum'’ was introduced inno¬ 
cently to note a poleward and moun- 
tainward extension of moderate propor¬ 
tions for certain plants not occurring at 
the same time over the' entire area. Pos¬ 
sibly this expansion of range m('ans that 
there were sunnier summers and fall 
seasons, permitting the setting and ma¬ 
turing of seed for such plants somewhat 
beyond their prior and present range, 
that is, under more “continentar' and 
less “maritime” weather conditions. This 
modest and expectable variation of a 
local climate in the high latitude's and 
at the changing sea borders of North 
Atlantic Europe has been construed by 
some students of prehistory into a sort 
cjf climatic golden age, existent at more 
or less the same time in distant parts of 
the world, without regard to dynamics 
or patterns of climates. We might well 


be spared such naively nominal cli¬ 
matic constructions as have been run¬ 
ning riot through interpretations of pre¬ 
history and even of historic time. 

"Jlie appearance or disappearance, in¬ 
crease or decrease.', of particular plants 
and animals may not spell out obliga¬ 
tory climatic change, as has been so 
freckly Inferred. Plants differ greatly in 
rate of dispersal, in pioneering ability, 
ill having routes available for their 
spread, and in other ways that may 
c'utt'r into an unstalilc ecologic associa¬ 
tion, as on the oft-shifted stage of Pleis¬ 
tocene and Recent physiography. The 
intervention of man and animals has 
also occurn^d to disturb the balance. 
11 k* appearance and fading of pines in 
an area, charactc'iistic in many bog pol¬ 
len columns, may tell nothing of cli¬ 
matic change: pines are notorious early 
colonizers, establishing themselves free¬ 
ly in mineral soils and open situations 
and yielding to other trees as shading 
and organic cover of ground increase. 
Dec'r thri\’e on browse; they increase 
wh 'rc'Vt'r palatable.' twigs become abun¬ 
dant, ui brush lands and with young 
tree* growth; ecologic factors of disturb¬ 
ance other than climate may determine 
the food available to them and the 
numbers found in archeologic remains. 

Thc^ pcnc'tration of man to the New’ 
World is involved in the question of 
piist and present climates. The origin 
and grow th of the dominant doctrine of 
a first peopling of the Western Hemi¬ 
sphere in postglacial time is beyond our 
present objective, but it w^as not based 
on valid knowledges of climatic history. 
The postglacial and present climatic 
pattern is one of extremes rarely 
reached or exceeded in the past of the 
Earth. Passage by land within this time 
across Sibesria, Alaska, and Canada de¬ 
manded specialized ad\ anced skills in 
suiwival under great and long cold com¬ 
parable to those known to Eskimo and 
Athabascan, an excessive postulate for 
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many of the j^riniitive peoples of the 
New World. Relatively mild climates 
did prevail in high latitudes at times 
during the Pleistocene. At such times in 
both directions hetv\*een Old and New 
World, massive migrations took place 
of animals incapable of living on tun¬ 
dras, animals that are attractive game 
for man. If man was then living in east¬ 
ern Asia, nothing hindered him from 
migrating along with such non-boreal 
mammals. The question is of funda¬ 
mental interest, because it asks whether 
man in the New World, within a very 
few thousand years, achieved independ¬ 
ently a culture growth comparable and 
curiously parallel to that of the Old, 
which required a much greater span. 
There is thus also the inference that our 
more primitive aborigines passed the 
high latitudes during more genial 
climes rather than that they lost subs('- 
quently numerous useful skills. 

FIRE 

Speech, tools, and fire are the tripod 
of culture and have been so, we think, 
from the beginning. About the hearth, 
the home and workshop are centered. 
Space heating under shelter, as a rock 
overhang, made possible living in in¬ 
clement climates; cooking made palata¬ 
ble many plant products; industrial in¬ 
novators experimented with heat treat¬ 
ment of wood, bone, and minerals. 
About the fireplace, social life took form, 
and the exchange of ideas was fostered. 
The availabihty of fuel has been one of 
the main factors determining the loca¬ 
tion of clustered habitation. 

Kven to Paleolithic man, occupant of 
the Earth for all but the last 1 or 2 per 
cent of human time, must be conceded 
gradual deformation of vegetation by 
fire. His fuel needs were supplied by 
dead wood, drifted or fallen, and also 
by the stripping of bark and bast that 
caused trees to die and become avail¬ 
able as fuel supply. The setting or es¬ 
cape of fire about camp sites cleared 
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awav small and young growth, stimu¬ 
lated annual plants, aidccl in collecting, 
and became (*laborated in time into the 
fire drive, a formally organized proce¬ 
dure among the cultures of the Upper 
Paleolithic grande chasse and of their 
New World counterpart. 

Inferentially, modern primitive peo¬ 
ples illustrate the ancituit practices in 
all parts of the world. Burning, as a 
practice facilitating collecting and hunt¬ 
ing, by insensible .stages became a de¬ 
vice to improve the yield of desired 
animals and plants. Deliberate manage¬ 
ment of their range by burning to in¬ 
crease food supply is apparent among 
liimting and collecting peoples, in 
widely separated areas, but has had lit¬ 
tle study. Mature woody growth pro¬ 
vides less food for man and ground ani¬ 
mals than do fire-disturbed sites, with 
protein-rich )’oung growth and stimu¬ 
lated seed production, accessible at 
ground levels. Game yields are usually 
greatest where the vegetation is kept in 
an immediate state of ecologic succes¬ 
sion. With agricultural and pastoral 
peoples, burning in preparation for 
planting and for the increase of pasture 
has been nearly universal until lately. 

The gradually cumulative modifica¬ 
tions of vegetation may become large 
as to selection of kind and as to aspect 
of the plant cover. Pyrophytes include 
woody monocotyledons, such as palms, 
which do not depend on a vulnerable 
cambium tissue, trees in.sulated by thick 
corky bark, trees and shrubs able to 
reproduce by sprouting, and plants with 
thick, hard-sh^Ied seeds aided in ger¬ 
mination by heat. Loss of organic mat¬ 
ter on and in the soil may shift advan¬ 
tage to forms that germinate well in 
mineral soils, as the numerous conifers. 
Precocity is advantageous. The assem¬ 
blages consequent upon fires are usu¬ 
ally characterized by a reduced number 
of species, even by the dominance of 
few and single species. Minor elements 
in a natural flora, originally mainly con- 
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fined to accidentally disturbed and ex¬ 
posed situations, such as windfalls and 
eroding slopes, have opened to them 
by recurrent burning the chance to 
spread and multiply. In most cases the 
shift is from mesophytic to less exact¬ 
ing, more xeric, forms, to those that do 
not require ample soil moisture and can 
tolerate at all times full exposure to 
sun. In the long run the scales are 
tipped against the great, slowly matur¬ 
ing plants—the trees (a park land of 
mature trees may be the last stand of 
wliat was a complete woodland). Our 
eastern woodlands, at the time of white 
se^ttlement, seem largely to have been 
in process of change to park lands. Ear¬ 
ly accounts stress the open stands of 
trees, as indicated by the comment that 
one could drive a coach from seaboard 
to the Mississippi River over almost any 
favoring terrain. The “forest primeval" 
is exceptional. In the end the success in 
a land occupied by man of whatever 
cultural level goes to the annuals and 
short-lived perennials, able to seed 
heavily or to reproduce by rhizome and 
tuber. This grossly drawn sketch may 
introduce the matter of processes re¬ 
sulting in what is called ecologically a 
secondary fire association, or subclimax, 
if it has historical persistence. 

The climatic origin of grasslands rests 
on a poorly founded hypothesis. In the 
first place, the individual great grass¬ 
lands extend over long climatic gradi¬ 
ents from wet to dry and grade on their 
driest margins into brush and scrub. 
Woody growth occurs in them where 
there are breaks in the general surface, 
as in the Cross Timbers of our South¬ 
west. Woody plants establish them¬ 
selves freely in grasslands if fire protec¬ 
tion is given: the prairies and steppes 
are suited to the growth of the trees 
and shrubs native to adjacent lands but 
may lack them. An individual grassland 
may extend across varied parent-mate- 
rials. Their most common quality is 
that they are upland plains, having pe¬ 


riods of dry wcatlici long enough to dry 
out the surface of the ground, which 
accumulate a sufficient amount of burn¬ 
able matter to feed and spread a fire. 
Their position and limits are deter¬ 
mined by relief; nor do they extend 
into arid lands or those having a con¬ 
tinuously wet ground surface. Fires may 
swcicp indefinitely across a surface of 
low relief but are checked shortly at 
barriers of broken terrain, the checking 
being more abrupt if the barrier is sunk 
below the general surface. The infer¬ 
ence is that origin and preservation of 
grasslands are due, in the main, to burn¬ 
ing and that they are in fact great and, 
in some cases, ancient cultural features. 

In other instances simplified wood¬ 
lands, sueh as the pine woods of our 
Southeast, palmares in tropical savan¬ 
nas, are pyrophytie deformations; there 
are numerous vegetational alternatives 
other than the formation of grassland 
by recurrent burning. Wherever primi¬ 
tive man has had the opportunity to 
turn fire loose on a land, he seems to 
ha\c done so, from time immemorial; it 
is only civilized societies that have un¬ 
dertaken to stop fires. 

In areas controlled by customary 
burning, a near-ecologic equilibrium 
may have been attained, a biotic recom¬ 
bination maintained by similarly re¬ 
peated human intervention. This is not 
destructive exploitation. The surface of 
the ground remains protected by grow¬ 
ing cover, the absorption of rain and 
snow is undiminished, and loss of mois¬ 
ture from ground to atmosphere possi¬ 
bly is reduced. Microclimatic difiFer- 
ences between woodland and grassland 
are established as effect if not as cause, 
and some are implicit in the Shelter 
Belt Project. 

Our modern civilization demands fire 
control for the protection of its prop¬ 
erty. American forestry was begun as a 
remedy for the devastation by careless 
lumbering at a time when dreadful 
holocausts almost automatically fol- 
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lowed logging, as in the Great Lakes 
states. JPoresters hiivc inadt' a liist ptin- 
ciple of fire suppression. Complete pro¬ 
tection, however, accuinulalt'S tinder 
year by year; tlie longer tJie aeeumula- 
tion, the greatc'r is tJie fire Iia/ard and 
the more severe the lire wiieii if n'sults. 
Stockmen are vociferous about the Joss 
of grazing iireas to bnisi) under sueii 
protection of the pul)}ic hinds. Here 
and there, cmefiiUy controlled light 
burning is I)eginniug to find acceptance 
in range and forest management. It is 
being applied to hmg-leaf pine repro¬ 
duction in Southeastern state's and to 
some extent for grazing in western 
range management. In c'ffeet, the ques¬ 
tion is now being raise'd whetlie'r well- 
re^gulated fires may not have? an ecologic 
role beneficent to mode rn man, as thew 
did in older days. 

PEASANT AND PASTORAL WAYS 

Tlie next revolutionary intervention 
of man in the natural order came as he 
selected certain plants and animals to 
be takem under his care, to be repro¬ 
duced, and to be bred into domesticated 


g fhc face of the Earth 

(] ) That this new mode of life was 
sedi'utarv and that it arose out of an 
earlier sedentary society. Under most 
conditions, and t'specially among prirni- 
ti\e agriculturists, the planted land 
must be watched over continuously 
against plant predators. (2) That jdant- 
iug and domestication did not start 
firm hunger but from surplus and lei¬ 
sure. Famine-haunted folk lack the op¬ 
portunity and incentive for the slow 
and coiitinuing selection of domesti¬ 
cated forms. Village communities in 
comfortable circumstances are indicated 
for such progressive steps. (3) Primi¬ 
tive agriculture is located in woodlands, 
hi veil the pioneer American farmer 
hardly inv aded the grasslands until the 
second cjuarter of the past century. His 
fields wt'rc? clearings won by deaden¬ 
ing, usually by girdling, the trees. The 
laiger the tree's, thc^ easier the task; 
brush reejuired grubbing and cutting; 
sod stopped his advance until he had 
})Iov\s capable of ripping through the 
mattc'd grass roots. The forest litte'r he 
clc'aned up by occasional burning; the 
d(*ad trunks hardly interfered with his 


forms increasingly dependent on him planting. The Amc'rican pioneer learned 
for survival, Theii adaptation to serve and followed Indian practices. It is 
human wants runs counter, as a rule, to curious that scholars, because they car- 
the processes of natural selection. Nevv^ ric'd into their thinking the tidy fields 
lines and processes of organic evolu- of the Europ{?an plovvmian and the fell- 
tion were entrainc'd, widening the gap ing of trci'es by ax, have so often thought 
between wild and domestic forms. The that forests repelled agriculture and 
natural land became deformed, as to that open lands invited it. 
biota, surface, and soil, into unstable The oldest form of tillage is by dig- 
cultural landscapes. but usually improperly 

C^onveiitionally, agricultural origins called *‘hoe culture.'* This was the only 
arc placed at the beginning of Neo- mode known in the New World, in 

lithic' time, but it is obvious that the Negro Africa, and in the Pacific islands, 

earliest archeologic record of the Neo- It gave rise, at an advanced level, to 

lithic presents a picture of an accom- the gardens and horticulture of Mon- 

plished domestication of plants and ani- soon Asia and perhaps of the Mediter- 

mals, of peasant and pastoral life re- ranean. Its modern tools are spade, 

resembling basic conditions that may fork, and hoe, all derived from ancient 

still be met in some parts of the Near forms. In tropical America this form of 

tillage is known as the conuco, in Mexi- 
Three premises as to the origin of co as the milpa, in the latter case a 

agriculture seem to me to be necessaiy: planting of seeds of maize, squash. 
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beans, and perhaps other annuals. The 
conuco is stocked mainly by root and 
stem cuttings, a perennial garden plot. 
Recently, the revival of the Old Norse 
tt'rm “swithe,*' or “swidden,” has been 
proposed (Izikowitz, 1951, p. 7 n.; 
C^onklin, 1954). 

Such a plot begins by deadening tree 
growth, followed toward the end of a 
dry period by burning, the ashes serv¬ 
ing as quick fertilizer. The cleared 
space then is well stocked with a di- 
v(Tse assemblage of useful plants, 
grown as titers of vegetation if moisture 
and fertility are adequate. In the maizc- 
heans-squash complex the? squash vines 
spread over the ground, the cornstalks 
grow tall, and the beans climb up the 
t‘oriistalks. Thus the ground is well pro- 
tc'c'ti'cl by plant cover, \yith good inter¬ 
ception of the falling rain. In each 
conuco a high diversity of plants may 
be cared for, ranging from low herbs to 
shrubs, such as cotton and manioc, to 
tree's entangled with cultivated climb- 
t'rs. I'he seeming disorder is actually a 
very full use of light and moisture, an 
admirable ecologic substitution by man, 
perhaps equivalent to the natural cover 
also in the protection given to the sur¬ 
face of the ground. In the tropical 
conuco an irregular patch is dug into 
at ccmvc'nierit .spots and at almost any 
time to sc't out or collect different 
plants, the plaiitc'd surface at no time 
being wholly dug over. Digging roots 
and rc'planting may be going on at the 
same time. Our notions of a harvest 
season when the whole crop is takc^n 
off the field are inapplicable. In the 
conucos something may be gathered on 
almost any day through the )^ear. The 
same plant may yield pot and salad 
greens, pollen-rich flowers, immature 
fruit, and ripened fruit; garden and 
field are one, and numerous domestic 
uses may be served by each plant. Such 
multiple population of the tilled space 
makes possible the highest yields per 
unit of surface, to whidb may be added 


the comments that this system has de¬ 
veloped plants of highest productivity, 
.such as bananas, yams, and manioc, 
and that food production is by no 
means the only utility of many such 
plants. 

The planting systems really do not 
deserve the invidious terms given them, 
such as ‘"slash and burn** or “shifting 
agriculture.** The abandonment of the 
planting after a time to the resprouting 
and rcsc'cding wild woody growth is a 
form of rotation by which the soil is re¬ 
plenished by nutriments carried up 
from deep-rooted trees and shrubs, to 
be spread over the ground as litter. 
Such use of the land is freed from the 
limitations imposed on the plowed field 
hy terrain. That it may give good 
yields on steep and broken slopes is not 
an argument against the method, which 
gives much bc?tter protection against 
soil erosion than does any plowing. It is 
also in these cultures that we find that 
systems of terracing of slopes have been 
established. 

Some of the faults charged against 
the sy.stem dc'rive from the late impact 
from our own culture, such as provid¬ 
ing axes and machetes by which sprouts 
and brush may be kept whacked out 
instead of letting the land rest under 
rcgrow'th, the replacement of subsist¬ 
ence crops by money crops, the world¬ 
wide spurt in population, and the de¬ 
mand for manufactured goods which 
is designated as rising standard of liv¬ 
ing. Nor do I claim that under this 
primitive planting man could go on for- 
e^'er growing his necessities without de¬ 
pleting the soil; but rather that, in its 
basic procedure and crop assemblages, 
this system has been most conservative 
of fertility at high levels of yield; that, 
being protective and intensive, we 
might consider it as being fully suited 
to the physical and cultural conditions 
of the areas where it exists. Our West¬ 
ern know-how is directed to land use 
over a short run of years and is not the 
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wisdom of the primitive* peasant rooted 
to his ancestral lands. 

Our attitudes toward farming stem 
from the other ancient trunk whence 
spring the sowers, reapers, and mow¬ 
ers; the plowmen, dairymen, shepherds, 
and herdsmen. This is the complex al¬ 
ready well represented in the earliest 
Ne?olithic sites of the Near East. The 
interest of this culture is directed espe¬ 
cially toward seed production of an¬ 
nuals, cereal grasses in particular. The 
seedbed is carefully prepared before¬ 
hand to minimize weed growth and 
provide a light cover of well-worked 
soil ill which the small seeds germinate. 
An evenly worked and smooth surface 
contrasts with the liit-or-miss piling of 
earth mounds, “hills” in the American 
farm vernacular, characteristic of conu- 
CO and milpa. Instead of a diversity of 
plants, the prepared ground receives 
the seed of one kind. (Western India is 
a significant exception.) The crop is not 
further cultivated and stands to matu¬ 
rity, when it is reaped at one time. After 
the harvest the field may lie fallow un¬ 
til the next season. The tillage imple¬ 
ment is the plow, in second place, the 
harrow, both used to get the field ready 
lor sowing. Seeding traditionally is by 
broadcasting, harvesting by cutting 
blades. 

Herd animals, meat cattle, sheep, 
goats, horses, asses, camels, are either 
original or very early in this system. 
The k(*('ping of grazing and browsing 
animals is basic. All of them are milked 
or liavt' been so in the past. In my esti¬ 
mation milking is an original practice 
and quality of their domestication and 
continued to be in many cases their 
first economic utility; meat and hides, 
thc‘ product of surplus animals only. 

The over-all picture is in great con¬ 
trast to that of the planting cultures: 
regular, elongated fields minimize turn¬ 
ing the animals that pull the plow; fields 
are cultivated in the off season, in part 
to keep them free of volunteer growth; 


fields are fallowed but not abandoned, 
the harvest season is crowded into the 
end of the annual growth period; there¬ 
after, stock is pastured on stubble and 
fallow; land unsuited or not needed for 
the plow is used as range on which the 
stock grazes and browses under watch 
of herdboys or herdsmen. 

This c'Oinplex spread from its Near 
Eastern cradle mainly in three direc¬ 
tions, changing its character under 
changed environments and by increase 
of populaticm. 

1. Spre^ading into the steppes of 
Eurasia, the cailture lost its tillage and 
became completely pastoral, with true 
nomadism. This is controvc'rsial, but the 
evidence seems to me to show that all 
domestication of the herd animals (ex¬ 
cept for reindeer) was effeett'd by 
sedentary agriculturists living between 
India and the Mediterranean and also 
that the great, single, continuous area 
in which milking was practiced includes 
all the nomadic peoples, mainly as a 
fringe about the milking seed-farmers. 
It has also been pointed ovit that no¬ 
madic cultures depemd on agricultural 
peoples for some of their needs and, 
thus lacking a self-contained economy, 
can hardly ha\'e originated independ¬ 
ently. 

2. The drift of the Celtic, Germanic, 
and Slavic people's westward (out of 
southwestern and western Asia?) 
through the nortliern European plain 
appears to have brought them to their 
historic seats prc'dominantly as cattle- 
and horse-raisers. Tlieir movement was 
into lands of cooler and shorter sum¬ 
mers and of higher humidity, in which 
wheat and barley did poorly. An ac¬ 
ceptable thesis is that, in southwestern 
Asia, rye and probably oats were weed 
grasses growing in fields of barley and 
wheat. They were harvested together 
and not separated by winnowing. In the 
westward movement of seed farmers 
across Europe, the weed grains did bet¬ 
ter and the noble grain less well. The 
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cooler and wetter the summers, the less 
wheat and barley did the sower reap 
and the more of rye and oat seeds, 
which gradually became domesticated 
by succeeding where the originally 
planted kinds failed. 

Northwestern and Central Europe 
appear to be the home of our principal 
hay and pasture grasses and clovers. As 
the stock-raising colonists deadened 
and burned over tracts of woodland, na¬ 
tive grasses and clovers spontaneously 
took possession of the openings. These 
were held and enlarged by repetition 
of burning and cutting. Meadow and 
pasture, from the agricultural begin¬ 
nings, were more important here than 
plowland. Even the latter, by pasturing 
the rye fields and the feeding of oat 
straw and grain, were part of animal 
husbandry. Here, as nowhere else, did 
the common farmer concern himself 
with producing feed for his stock. He 
was first a husbandman; he cut hay to 
store for winter feed and cured it at 
considerable trouble; he stabh'd his ani¬ 
mals f)vt‘r th(? inclement season, or .stall- 
ft‘d them through the year; the dung¬ 
hill provided dressing for field and 
meadow. House, barn, and stable were 
fused into one structure. The prosperity 
of farmstead and village was measured 
by its livestock rather than by arable 
land. 

The resultant pattern of land use, 
which carries through from the' earliest 
times, as re'covered by arclu'ology in 
Denmark and northern Germany, was 
highly conservative of soil fertility. The 
animal husbandry maintained so effec¬ 
tive a ground cover that northern 
Europe has known very little soil ero¬ 
sion. Animal manure and compost pro¬ 
vided adequate return of fertility to the 
soil. Man pretty well established a 
closed ecologic cycle. It was probably 
here that man first undertook to till the 
heavy soils. Clayey soils, rich in plant 
food but deficient in drainage, are 
widespread in the lowlands, partly due 


to climatic conditions, partly a legacy 
of the Ice Age. The modern plow with 
share, moldboard, and colter had 
either its origin or a major development 
here for turning real furrows to secure 
better aeration and drainage. Beneficial 
in northwestern and Central Europe, it 
was later to become an instrument of 
serious loss elsewhere. 

3. The spread of sowing and herding 
cultures westward along both sides of 
the Mediterranean required no major 
climatic readjustment. Wheat and bar¬ 
ley continued to be the staple grains; 
sheep and goats were of greater eco¬ 
nomic importance than cattle and horses. 
Qualitic^s of the environment that char- 
acterizt'd the Near East were accentu¬ 
ated to the west: valleys lie imbedded 
in mountainous terrain, the uplands are 
underlain by and developed out of 
limestone, and, to the south of the 
Mediterranean, aridity becomes preva¬ 
lent. The hazard of drought lay ever 
upon the Near Eastern homeland and 
on the colonial regions to the west and 
south. No break between farmer and 
herdsman is discernible at any time; as 
the village Arab of today is related to 
the Bedouin, the environmental special¬ 
ization may have been present from 
the beginning: flocks on the mountains 
and dry lands, fields where moisture 
sufficed and soil was adequate. 

That the lands about the Mediter¬ 
ranean have become worn and frayed 
by the usage to which they have been 
subjected has long been recognized, 
though not much is known as to when 
and how. The eastern and southern 
Mediterranean uplands especially are 
largely of limestone, attractive as to soil 
fertility but, by their nature, without 
deep original mantle of soil or showing 
the usual gradation of subsoil into bed¬ 
rock and thus are very vulnerable to 
erosion. The less suited the land was or 
became to plow cultivation, the greater 
the shift to pastoral economy. Thus a 
downslope migration of tillage charac- 
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terized, in dme, the retreating limits of 
the fields, and more and more land be- 
came range for goats, sheep, and asses 
Repeatedly prolonged droughts must 
have speeded the dovvnslope shift, hill¬ 
side fields suffering most, and with fail¬ 
ing vegetation cover becoming more 
subject to washing when rains came. 

Thus we come again to the question 
of climatic change as against attrition 
of surface ami increased xerophytism of 
vegetation by human disturbance and, 
in particular, to what is called the 
“desertification’’ of North Africa and 
the expansion of the Sahara. A case for 
directional change in the pattern of 
atmospheric circulation has been in¬ 
ferred from archeology and faunal 
changes. I am doubtful that it is a good 
case within the time of agricultural and 
pastoral occupation. Another view is 
that the juogressive reduction of plant 
cover by man has affected soil and 
ground-surface climate unfavorably. 
Largely, and possibly wholly, the de¬ 
terioration of the borders of the dry 
lands may have been caused by adverse, 
cumulative effects of man’s activities. 
From archeologic work we need much 
more information as to whether human 
occupation has been failing in such 
areas over a long time, or whether it has 
happened at defined intervals, and also 
whether, if such intervals are noted, 
they may have a cultural rather than 
an environmental (climatic) basis. 

No protective herbaceous flora be¬ 
came established around the shores of 
the Mediterranean on pastures and 
meadows as was the case in the north. 
Flocks and herds grazed during the 
short season of soft, new grass but most 
of the year browsed on woody growth. 

The more palatable feed was eaten first 
and increasingly eliminated; goats and 
asses got along on range that had 
dropped below the support levels re¬ 
quired by more exacting livestock. As 
is presently true in the western United 
States, each prolonged drought must 


have left the range depleted, its carry¬ 
ing capacity reduced, and recovery of 
cover less likely. Natural balance be¬ 
tween plants and animals is rarely re¬ 
established under such exploitation, 
since man will try to save his herd 
rather than their range. A large and 
long deterioration of the range may 
therefore fully account for the poor and 
xerophytic flora and fauna without pos¬ 
tulating progressive climatic desicca¬ 
tion, for the kinds of life that survive 
under overuse of the land are the most 
undemanding inhabitants. 

Comparative studies of North Africa 
and of the American Southwest and 
northern Mexico are needed to throw 
light on the supposed “desiccation” of 
the Old World. We know the dates of 
introduction of cattle and sheep to the 
American ranges and can determine 
rate and kind of change of vegetation 
and surface. The present desolate shift¬ 
ing-sand area that lies between the 
Hopi villages and the Colorado River 
was such good pasture land late in the 
eighteenth century that Father Esca¬ 
lante, returning from his canyon ex¬ 
ploration, rested his travel-worn animals 
there to regain flesh. The effects of 
Navaho sheep-herding in little more 
than a century and mainly in the last 
sixty years are well documented. Lower 
California and Sonora are climatic 
homologues of the western Sahara. 
Against the desolation of the latter, the 
lands about the Gulf of California are 
a riot of bloom in spring and green 
through summer. Their diversity, in 
kind and form, of plant and of animal 
life is high, and the numbers are large. 
When Leo W^aibel came from his Afri¬ 
can studies to Sonora and Arizona, he 
remarked: “But your deserts are not 
plant deserts.” Nor do we have ham- 
madas or ergs, though geologic and 
meteorologic conditions may be similar. 

The principal difference may be that we 
have had no millennial, or even cen- 
turies-long, overstocking of our arid, 
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semiarid, and subhumid lands. The 
scant life and even the rock and sand 
surfaces of the Old World deserts may 
record long attrition by man in climatic 
tension zones, 

IMPACT OF CIVILIZATION IN ANTIQUITY 
AND THE MIDDLE AGES 

Have the colder civilizations fallen be- 
caiise^ their lands deteriorated? Ells¬ 
worth Huntington read adverse climatic 
change into each such failure; at the 
other extre^me, political loss of compe¬ 
tence has been asserted as sufficient. 
Intimate knowledge of historical 
sourci's, archeologic site‘S, biogeography 
and ecology, and the processes of geo- 
inorphology must be fused in patient 
fiedd studic's, so that we may read the 
changes in habitability through human 
time tor the lands in which civilization 
first took form. 

The rise of civilizations has been ac¬ 
complished and sustained by the devel¬ 
opment of powerful and elaborately or¬ 
ganized states with a drive to territorial 
expansion, by commerce in bulk and to 
distant parts, by monetary economy, 
and by the growth of cities. Capital 
cities, port cities by sea and river, and 
garrison towns drew to themselves pop¬ 
ulation and products from near and 
far. The ways of the country became 
subordinated to the demands of the 
cities, the citizen distinct from the 
miserahilis plehs. The containment of 
communi^ by locally available re¬ 
sources gave way to the introduction of 
goods, especially foodstuffs, regulated 
by purchasing, distributing, or taxing 
power. 

Thereby removal of resource from 
place of origin to place of demand 
tended to set up growing disturbance 
of whatever ecologic equilibrium had 
been maintained by the older rural 
communities sustained directly within 
their metes. The economic history of 
antiquity shows repeated shifts in the 


areas of supply of raw materials that 
are not explained by political events 
but raise unanswered questions as to 
decline of fertility, destruction of plant 
cover, and incidence of soil erosion. 
What, for instance, happened to Arabia 
Felix, Numidia, Mauretania, to the in¬ 
terior Lusitania that has become the 
frayed Spanish Extremadura of today? 
When and at whose hands did the for¬ 
ests disappear that furnished ship and 
house timbers, wood for burning lime, 
the' charcoal for smelting oreis, and ur¬ 
ban fuel needs? Are political disasters 
sufficient to account for the failure of 
the civilizations that depended on irri¬ 
gation and drainage engineering? How 
much of the wide deterioration of Medi¬ 
terranean and Near Eastern lands came 
during or after the time of strong polit¬ 
ical and commercial organization? For 
ancient and medieval history our knowl- 
c'dge as to what happene*! to the land 
r('inains too largely blank, except for 
the central and northern European 
periphery. The written documents, the 
testimony of the archeologic sites, have 
not oftt'n been interpreted by observa¬ 
tion of the physical condition of the lo¬ 
cality as it is and comparison with what 
it was. 

The aspect of the Mediterranean 
landscapes was greatly changed by clas¬ 
sical civilization through the introduc¬ 
tion of plants out of the East. Victor 
Helm first described Italy as wearing a 
dress of an alien vegetation, and, though 
he carried the theme of plant introduc¬ 
tion out of the East too far, his study 
(1886) of the Mediterranean lands 
through antiquity is not only memorable 
but retains much validity. The west¬ 
ward dispersal of vine, olive, fig, the 
stone fruits, bread wheat, rice, and 
many ornamentals and some shade 
trees was due in part or in whole to the 
spread of Greco-Roman civilization, to 
which the Arabs added sugar cane, date 
palm, cotton, some of the citrus fruits, 
and other items. 
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EUROPEAN OVERSEAS COLONIZATION 

When European nations ventured 
forth across tlu' Atlantic, it was to tiadc 
or raid, tht‘ distinction ofttai di'tcnnincd 
by the opportiinit\. In Africa and Asia 
the European posts and factories pretty 
weJJ continued in this tradition through 
the eighteenth century. In the New 
World the same initial activities soon 
turned into permanent settlement of 
Old World forms and stocks. Columbus, 
searching only for a trade route, started 
the first overseas empire. Spain stum¬ 
bled into colonization, and the other 
nations acquired stakes they hoped 
might equal the Spanish territorial 
claim. The Casa de Contratacion, or 
House of Trade, at Seville, the main 
Atlantic port, became the Spanish colo¬ 
nial office. The conquistadores came 
not to settle but to make their fortunes 
and return home, and much the same 
w'as true for the earlier adventurers 
from other nations. Soldiers and adven¬ 
turers rather than peasants and artisans 
made up the first arrivals, and few 
brought their women. Only in New 
England did settlement begin with a 
representative assortment of people, and 
only here were the new communities 
transplanted from the homeland with¬ 
out great alteration. 

The first colony, Santo Domingo, set 
in large measure the pattern of coloni¬ 
zation. It began with trade, including 
ornaments of gold. The quest for gold 
brought forced labor and the dying-off 
of the natives, and this, in turn, slave- 
hunting and importation of black slaves. 
Decline of natives brought food short¬ 
ages and wide abandonment of conucos. 
Cattle and hogs were pastured on the 
lately tilled surfaces; and Spaniards, 
lacking labor to do gold-placering, be¬ 
came stock ranchers. Some turned to 
cutting dyewoods. Of the numerous 
European plants introduced to supply 
accustomed wants, a few, sugar cane, 
cassia, and ginger, proved moderately 
profitable for export, and some of the 


hesitant beginnings became the first 
tropical plantations. One hope of for¬ 
tune failing, another was tried; the 
stumbling into empire was under way 
by nuui who had scarcely any vision of 
founding a new homeland. 

What then happened to the lands of 
the New World in the three colonial 
centuries? In the Erst place, the aborig¬ 
inal populations in contact with Euro- 
pcans nearly everywhere declined great¬ 
ly or were extinguished. Especially in 
the tropical lowlands, with the most 
notable exception of Yucatan, the na¬ 
tives faded away, and in many cases the 
land was quickly repossessed by forest 
growth. The once heavily populous 
lands of eastern Panama and north¬ 
western Colombia, much of the lowland 
country of Mexico, both on the Pacific 
and Gulf side^s, became emptied in a 
very few years, was retaken by jungle 
and forest, and in considerable part re¬ 
mains such to the present. The high¬ 
lands of Mexico, of Central America, 
and of the Andean lands declined in 
population greatly through the six¬ 
teenth and perhaps well through the 
seventeenth century, with slow, gradual 
recovery in the eighteenth. The total 
population, white and other, of the 
areas under European control was, I 
think, less at the end of the eighteenth 
century than at the time of discovery. 
Only in British and French West Indian 
islands were dense rural populations 
built up. 

It is hardly an exaggeration to say 
that the early Europeans supported 
themselves on Indian fields. An attrac¬ 
tive place to live for a European would 
ordinarily have been such for an Indian. 

In the Spanish colonies, unlike the 
English and French, the earlier grants 
were not of land titles but of Indian 
communities to serve colonist and 
crown. In crops and their tillage the 
colonists of all nations largely used the 
Indian ways, with the diversion of part 
of the field crop to animal feed. Only 
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in the Northeast, most of all in our 
Middle Colonies, were native and Euro¬ 
pean crops fused into a conservative 
plow-and-animal husbandry, with field 
rotation, manuring, and marl dressing. 
The Middle Colonic^s of the eighteenth 
c(mtury appear to have compared fa¬ 
vorably with the best f arming practices 
of western Europe. 

Sugar cane, first and foremost of the 
tropical plantations, as a closely planted 
giant grass, gave satisfactory protection 
to the surface of the land. The removal 
of cane from the land did reduce fertil¬ 
ity unless the waste was properly re¬ 
turned to the canefields. The most con¬ 
servative practices known are from the 
British islands, where cane waste was 
fed to cattle kept in pens, and manur¬ 
ing was customary and lu^avy. Bagasse 
was of little value as fuel in this period 
because of the light crushing rollers 
used for extracting cane juice; thus the 
colonial sugar mills were heavy wood 
users, especially for boiling sugar. Tlie 
exhaustion of wood supply became a 
serious problem in the island of Haiti 
within the sixteenth century. 

Other plantation crops—tobacco, in¬ 
digo, cotton, and coffee—held more 
serious erosion hazards, partly because 
they were planted in rows and given 
clean cultivation, partly because they 
made use of steeper slopes and thinner 
soils. The worst offender was tobacco, 
grown on land that was kept bared to 
the rains and nourished by the wood 
ashes of burned clearings. Its cultiva¬ 
tion met with greatest success in our 
Upper South, resulted in rapidly shift¬ 
ing clearings because of soil depletion, 
and caused the first serious soil erosion 
in our country. Virginia, Maryland, and 
North Carolina show to the present the 
damages of tobacco culture of colonial 
and early post-colonial times. Southern 
Ohio and eastern Missouri repeated the 
story before the middle of the nine¬ 
teenth century. 

As had happened in Haiti, sharp de¬ 


cline of native populations brought else¬ 
where abandonment of cleared and 
tilled land and thereby opportunity to 
the stockman. The plants that pioneer 
in former fields which are left untilled 
for reasons other than because of de¬ 
cline of fertihty include forms, espe¬ 
cially annuals, of high palatabihty, 
grasses, amaranths, chenopods, and 
legumes. Such is the main explanation 
for the quick appearance of stock 
ranches, of ganado mayor and menor, 
in the former Indian agricultural lands 
all over Spanish America. Cattle, horses, 
and hogs thrived in tropical lowland as 
well as in highland areas. Sheep-raising 
flourished most in early years in the 
highlands of New Spain and Peru, 
where Indian population had shrunk. 
Spanish stock, trespassing upon Indian 
plantings, both in lowland and in high¬ 
land, afflicted the natives and depressed 
their chances of recovery (Simpson, L., 
1952). In the wide savannas stockmen 
took over the native habits of burning. 

The Spaniards passed in a few years 
from the trading and looting of metals 
to successful prospecting, at which they 
became so adept that it is still said that 
the good mines of today are the anti- 
guas of colonial working. When mines 
were abandoned, it was less often due to 
the working-out of the ore bodies than 
to inability to cope witli water in shafts 
and to the exhaustion of the necessary 
fuel and timber. A good illustration has 
been worked out for Parral in Mexico 
(West, 1949). Zacatecas, today in the 
midst of a high sparse grassland, was 
in colonial times a woodland of oak and 
pine and, at lower levels, of mesquite. 
About Andean mines the scant wood 
was soon exhausted, necessitating re¬ 
course to cutting mats of tola heath and 
even the clumps of coarse ichu (stipa) 
grass. Quite commonly the old mining 
reales of North and South America are 
surrounded by a broad zone of reduced 
and impoverished vegetation. The ef¬ 
fects were increased by the concentra- 
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tion of pack and work animals in the 
mines, with resultant overpasturing. 
Similar attrition took place about towns 
and cities, through timber-cutting, char¬ 
coal- and lime-burning, and overpastur¬ 
ing, The first viceroy of New Spain 
warned his successor in 1546 of the de¬ 
pletion of wood about the city of Mex¬ 
ico. 

I have used mainly examples from 
Spanish America for the colonial times, 
partly because I am most familiar with 
this record. However, attrition was 
more sensible here because of mines 
and urban concentrations and because, 
for cultural and climatic reasons, the 
vegetation cover was less. 

LAST FRONTIERS OF SETTLEMENT 

The surges of migration of the nine¬ 
teenth century are family history for 
many of us. Never before did, and 
never again may, the white man expand 
his settlements as in that brief span that 
began in the later eighteenth century 
and ended with the first World War. The 
prelude was in the eighteenth century, 
not only as a result of the industrial rev¬ 
olution as begun in England, but also 
in a less heralded agricultural revolu¬ 
tion over Western and Central Europe. 
The spread of potato-growing, the de¬ 
velopment of beets and turnips as field 
crops, rotation of fields with clover, in¬ 
novations in tillage, improved livestock 
breeds—all joined to raise agricultural 
production to new levels in western Eu¬ 
rope. The new agriculture was brought 
to our Middle Colonies by a massive 
immigration of capable European farm¬ 
ers and here further transformed by 
adding mciize to the small grains—clo¬ 
ver rotation. Thus was built on both 
sides of the North Atlantic a balanced 
animal husbandry of increased yield of 
human and animal foods. Urban and 
rural growth alike went into vigorous 
upswing around the turn of the eight¬ 
eenth century. The youth of the coun¬ 
tryside poured into the rising industrial 


cities but also emigrated, especially 
from C^cmtral Europe into Pennsylvania, 
into Hungarian and Moldavian lands 
repossessed from the Turks and into 
South Russia gained from the Tartars. 
The last Volkcrwanderung was under 
way and soon edging onto the grass¬ 
lands. 

The year 1800 brought a new cotton 
to the world market, previously an ob¬ 
scure annual variant known to us as 
Mexican Upland cotton, still uncertain¬ 
ly understood as to how it got into our 
South. Cleaned by the new gin, its prof¬ 
itable production rocketed. The rapidly 
advancing frontier of cotton-planting 
was moved westward from Georgia to 
Texas within the first half of the cen¬ 
tury. This movement was a more south¬ 
erly and even greater parallel to the 
earlier westwarcl drive of the tobacco 
fjontier. Both swept aw^ay the wood¬ 
lands and the Indians, including the 
farming tribes. The new cotton, like to¬ 
bacco, a clean cultivated row crop and 
a cash crop, bared the fields to surface 
wash, especially in winter. The south¬ 
ern upland soils gradually lost their or¬ 
ganic horizons, color, and protection; 
gullies began to be noted even before 
the Civil War. Guano and Chilean ni¬ 
trate and soon southern rock phosphate 
were applied increasingly to the wast¬ 
ing soils. Eugene Hilgard told the his¬ 
tory of cotton in our South tersely and 
well in the United States Census of 
1880. As I write, across from my win¬ 
dow stands the building bearing his 
name and the inscription: to rescue 

FOR HUMAN SOCIETY THE NATIVE VALUES 
OF RURAL LIFE. It was in wasting cotton 
fields that Hilgard learned soil science 
and thought about a rural society that 
had become hitched wholly to world 
commerce. Meantime the mill towns of 
England, the Continent, and New Eng¬ 
land grew lustily; with them, machine 
industries, transport facilities, and the 
overseas shipment of food. 

The next great American frontier may 
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be conveniently and reasonably dated 
by the opening of the Erie Canal in 
1825, provisioning the cities with grain 
and meat on both sides of the North 
Atlantic, first by canal and river, soon 
followed by the railroad. The earlier 
frontiers had been pushed from the At¬ 
lantic Seaboard to and beyond the Mis¬ 
sissippi by the cultivation of tropical 
plants in extratropical lands, were dom¬ 
inantly monocultiiral, preferred wood¬ 
lands, and relied mainly on hand labor. 
For them the term “plantation culture” 
was not inapt. The last thrust, from the 
Mohawk Valley to the Mississippi, was 
W(\st European as to agricultural sys¬ 
tem, rural values, settlers, and largely 
as to crops. 

By the time of the Civil War, the first 
great phase of the northern westward 
movement had crossed the Missouri 
River into Kansas and Nebraska. New 
England spilled over by way of the 
Great Lakes, especially along the north¬ 
ern fringe of prairies against the North 
Woods. New York and Baltimore were 
gateways for the masses of Continental 
emigrants hurrying to seek new homes 
beyond the Alleghenies. The migrant 
streams mingled as they overspread the 
Mississippi Valley, land of promise un¬ 
equaled in the history of our kindred. 
These settlers were fit to the task: they 
were good husbandmen and artisans. 
They came to put down their roots, and 
the gracious country towns, farmsteads, 
and rural churches still bear witness to 
the homemaking way of life they 
brought and kept. At last they had land 
of their own, and it was good. They 
took care of their land, and it did well 
by them; surplus rather than substance 
of the soil provided the foodstuflFs that 
moved to eastern markets. Steel plows 
that cut through the sod, east-west rail¬ 
roads, and cheap lumber from the 
white-pine forests of the Great Lakes 
unlocked the fertility of the prairies; 
the first great plowing-up of the grass¬ 
lands was under way. 


Many prairie counties reached their 
maximum population in less than a gen¬ 
eration, many of them before the be¬ 
ginning of the Civil War. The surplus, 
another youthful generation, moved on 
farther west or sought fortune in the 
growing cities. Thus, toward the end of 
the century the Trans-Missouri grassy 
plains had been plowed up to and into 
the lands of drought hazard. Here the 
Corn Belt husbandry broke down, es¬ 
pecially because of the great drought 
of the early nineties, and the Wheat 
Belt took form, a monocultural and un¬ 
balanced derivative. I well remember 
parties of landlookers going out from 
my native Missouri county, first to cen¬ 
tral Kansas and Nebraska, then to the 
Red River Valley, and finally even to 
the Panhandle of Texas and the prairies 
of Manitoba. The local newspapers 
“back home” still carry news from 
those daughter-colonies, and still those 
who long ago moved west are returned 
“home” at the last to lie in native soil. 

The development of the Middle West 
did exact its price of natural resources. 
The white-pine stands of the Great 
Lakes were destroyed to build the farms 
and towns of the Com Belt; the logged- 
over lands suffered dreadful burning. 
As husbandry gave way westward to 
wheat-growing, the land was looked on 
less as homestead and more as specu¬ 
lation, to be cropped heavily and con¬ 
tinuously for grain, without benefit of 
rotation and manuring, and to be sold 
at an advantageous price, perhaps to 
reinvest in new and undepleted land. 

The history of the extratropical grass¬ 
lands elsewhere in the world is much 
like our own and differs little in period 
and pace. Southern Russia, the Pampas, 
Australia, and South Africa repeat 
largely the history of the American 
West. The industrial revolution was 
made possible by the plowing-up of the 
great non-tropical grasslands of the 
world. So also was the intensification 
of agriculture in western Europe, bene- 
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Bting from the importation of cheap 
overseas feedstuffs, grains, their by¬ 
products of milling (note the term 
“shipstuff”), oil-seed meals. Food and 
feed were cheap in and about the cen¬ 
ters of industry, partly because the fer¬ 
tility of the new lands of the world was 
exported to them without reckoning the 
maintenance of resoiirc(\ 

At the turn of the century serious 
concern developed about the adequacy 
of resources for industrial civilization. 
The conservation movement was born. 
It originated in the United States, 
where the depletion of lately virgin 
lands gave warning that we were draw¬ 
ing recklessly on a diminishing natu¬ 
ral capital. It is to be remembered that 
this awareness came, not to men living 
in the midst of the industrial and com¬ 
mercial centers of the older country¬ 
sides, but to foresters who witnesst'd 
devastation about the Great Lakes, to 
geologists who had worked in the iron 
and copper ranges of the Great Lakes 
and prospected the West in pioneer 
days, to naturalists who lived through 
the winning of the West, 

THE EVER DYNAMIC ECONOMY 

As a native of the nineteenth century, 

I have been an amazed and bewildered 
witness of the change of tempo that 
started with the first World War, was 
given an additional whirl on the sec¬ 
ond, and still continues to accelerate. 
The worry of the earlier part of the cen¬ 
tury was that we might not use our nat¬ 
ural resources thriftily; it has given way 
to easy confidence in the capacities of 
technologic advance without limit. The 
natural scientists were and still may be 
conservation-minded; the physical sci¬ 
entists and engineers today are often of 
the lineage of Daedalus, inventing ever 
more daring reorganizations of matter 
and, in consequence, whether they 
desire it or not, of social institutions. 
Social science eyes the attainments of 
physical science enviously and hopes 


for similar competence and authority in 
reordering the world. Progress is the 
common watchword of our age, its mo- 
tor-innovating techniques, its objective 
the ever expanding “dynamic economy,’’ 
with ever increasing input of energy. 
Capacity to produce and capacity to 
consume are the twin spirals of the new 
age which is to have no end, if war can 
be eliminated. The measure of prog¬ 
ress is “standard of living,” a term that 
the English language has contributed 
to the vernaculars of the world. An 
American industrialist says, roundly, 
that our principal problem now is to 
accelerate obsolescence, which remark 
was anticipated at th(i end of the past 
century by Eduard Hahn (1900) when 
he thought that industrialization de¬ 
pended on the production of junk. 

Need we ask ourselves whether there 
still is the problem of limited resources, 
of an ecologic balance that we disturb 
or disregard at the peril of the future? 
Was Wordsworth of the early industrial 
age farsighted when he said that “get¬ 
ting and spending we lay waste our 
powers”? Are our newly found powers 
to transform the world, so successful in 
the short run of the last years, proper and 
wise beyond the tenure of those now 
living? To what end are we committing 
the world to increasing momentum of 
change? 

The steeply increasing production of 
late years is due only in part to better 
recovery, more efficient use of energy, 
and substitution of abundant for scarce 
materials. Mainly we have been learn¬ 
ing how to deplete more rapidly the re¬ 
sources known to be accessible to us. 
Must we not admit that very much of 
what we call production is extraction? 

Even the so-called “renewable re¬ 
sources” are not being renewed. De¬ 
spite better utilization and substitution, 
timber growth is falling farther behind 
use and loss, inferior stands and kinds 
are being exploited, and woodland de¬ 
terioration is spreading. Much of the 
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world is in a state of wood famine, with¬ 
out known means of remedy or substi¬ 
tution. 

Commercial agriculture requires am¬ 
ple working capital and depends in 
high degree on mechanization and fer¬ 
tilization. A late estimate assigns a 
fourth of the net income of our farms 
to the purchase of durable farm equip¬ 
ment. The more fanning becomes in¬ 
dustry and business, the less remains of 
the older husbandry in which man lived 
in balance with his land. We speak 
with satisfaction of releasing rural pop¬ 
ulation from farm to urban living and 
count the savings of man-hours in units 
of farm product and of acres. In some 
areas the farmer is becoming a town 
dweller, moving his equipment to the 
land for brief periods of planting, cul¬ 
tivating, and harvest. Farm garden, 
orchard, stable, barn, barnyards, and 
w’oodlots are disappearing in many 
parts, the farm families as dependent as 
their city cousins on grocer, butcher, 
baker, milkman, and fuel services. 
Where the farm is in fact capital in land 
and improvements, requiring book¬ 
keeping on current assets and liabili¬ 
ties, the agriculturist becomes an oper¬ 
ator of an outdoor factory of special¬ 
ized products and is concerned with 
maximizing the profits of the current 
year and the next. Increasing need of 
working capital requires increased mon¬ 
etary returns; this is perhaps all we 
mean by ‘"intensive” or “scientific” farm¬ 
ing, which is in greater and greater de¬ 
gree extractive. 

The current agricultural surpluses are 
not proof that food production has 
ceased to be a problem or will cease to 
be the major problem of the world. Our 
output has been secured at unconsid¬ 
ered costs and risks by the objective of 
immediate profit, which has replaced 
the older attitudes of living with the 
land. The change got under way espe¬ 
cially as motors replaced draft animals. 
Land formerly used for oats and other 


feed crops became available to grow 
more corn, soybeans, cotton, and other 
crops largely sold and shipped. The 
traditional corn-oats-clover rotation, 
protective of the surface and maintain¬ 
ing nitrogen balance, began to break 
down. Soybeans, moderately planted in 
the twenties and then largely for hay, 
developed into a major seed crop, aided 
by heavy governmental benefit pay¬ 
ments as soil-building, which they are 
not. Soil-depleting and soil-exposing 
crops were given strong impetus in the 
shift to mechanized farming; less of 
the better land is used for pasture and 
hay; less animal and green manure is 
returned to fields. The fixation of nitro¬ 
gen by clover has come to be consid¬ 
ered too slow; it “pays better” to put 
the land into corn, beans, and cotton 
and to apply nitrogen from bag or tank. 
Dressing the soil with commercial ni¬ 
trogen makes it possible to plant more 
closely, thus doubling the number of 
corn and other plants to the acre at 
nearly the same tillage cost. Stimulation 
of plant growth by nitrogen brings in¬ 
creased need of additional phosphorus 
and potash. In the last ten years the 
Corn Belt has more or less caught up 
with the Cotton Belt in the purchase of 
commercial fertilizer. The more valu¬ 
able the land, the greater the invest¬ 
ment in farm machinery, the more prof¬ 
itable the application of more and more 
commercial fertili 2 :ers. 

The so-called row crops, which are 
the principal cash crops, demand culti¬ 
vation during much of their period of 
growth. They give therefore indifferent 
protection to the surface while growing 
and almost none after they are har¬ 
vested. They are ill suited to being fol¬ 
lowed by a winter cover crop. The or¬ 
ganic color is fading from much of our 
best-grade farm lands. Rains and melt¬ 
ing snow float away more and more of 
the top soil. There is little concern as 
long as we can plow more deeply and 
buy more fertilizer. Governmental re- 
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striction of acreage for individual crops 
has been an inducement to supply more 
fertilizer to the permitted acreage and 
to plant the rest in uncontrolled but 
usually also cash crops. Our commer¬ 
cial agriculture, except what remains in 
animal husbandry such as dairying, is 
kept expanding by increasing overdraft 
on the fertility of our soils. Its limits 
are set by the economically available 
sources of purchased nitrogen, phos¬ 
phorus, potassium, and sulfur. 

Since Columbus, the spread of Euro¬ 
pean culture has been continuous and 
cumulative, borne by immediate self- 
interest, as in mercantilist economy, but 
sustained also by a sense of civilizing 
mission redefined from time to time. In 
the spirit of the present, this mission is 
to “develop the underdeveloped” parts 
of the world, material good and spir¬ 
itual good now having become one. It 
is our current faith that the ways of the 
West are the ways that are best for the 
rest of the world. Our own ever grow¬ 
ing needs for raw materials have driven 
the search for metals and petroleum to 
the ends of the Earth in order to move 
them into the stream of world com¬ 
merce. Some beneficial measure of in¬ 


pattern. Spade and hoe and mxed 
plantings are an affront to our faith in 
progress. We promote mechanization 
At the least, we hold, others should be 
taught to use steel plows that turn neat 
furrows, though we have no idea how 
long the soil will stay on well-plowed 
slopes planted to annuals. We want 
more fields of maize, rice, beans of 
kinds familiar to us, products amenable 
to statistical determination and avail¬ 
able for commercial distribution. To in¬ 
crease production, we prescribe dress¬ 
ing with commercial fertilizers. In un¬ 
noticed contrast to our own experience 
these are to be applied in large measuie 
to lands of low productivity and per¬ 
haps of low effectiveness of fertilizers. 
Industrialization is recommended to 
take care of the surplus populations. We 
present and recommend to the world a 
blueprint of what works well with us 
at the moment, heedless that we may 
be destroying wise and durable native 
.systems of living with the land. The 
modem industrial mood (I hesitate to 
add intellectual mood) is insensitive to 
other ways and values. 

For the present, living beyond one’s 
means has become civic virtue, increase 


dustry and transport facility thereby of “output” the goal of society. The 


accrues to distant places of origin. We 
also wish to be benefactors by increas¬ 
ing food supply where food is inade¬ 
quate and by diverting people from 
rural to industrial life, because such is 
our way, to which we should like to 
bring others. 

The road we are laying out for the 
world is paved with good intentions, 
but do we know where it leads? On the 
material side we are hastening the de¬ 
pletion of resources. Our programs of 
agricultural aid pay little attention to 
native ways and products. Instead of 
going out to learn what their experi¬ 
ences and preferences are, we go forth 
to introduce our ways and consider 
backward what is not according to our 


prophets of a new world by material 
progress may be stopped by economic 
limits of physical matter. They may fail 
because people grow tired of getting 
and spending as measure and mode of 
living. They may be checked because 
men come to fear the requisite growing 
power of government over the individ¬ 
ual and the community. The high mo¬ 
ments of history have come not when 
man was most concerned with the com¬ 
forts and displays of the flesh but when 
his spirit was moved to grow in grace. 
What we need more perhaps is an ethic 
and aesthetic under which man, prac¬ 
ticing the qualities of prudence and 
moderation, may indeed pass on to pos¬ 
terity a good Earth. 
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Changing Ideas of the Habitable World 


CLARENCE J. GLACKEN^ 


The reason that Attica in former 
times could support a soldiery exempt 
from the toil of farming, says Plato in 
his Critias, was that its soil—as is proved 
by the remnant now left—surpassed all 
others in fertility. Deluges, however, 
washed the soil down from the moun¬ 
tains, and it was lost because the land 
dropped abruptly into the sea. Attica 
became a ‘‘skeleton of a body wasted by 
disease.” Long ago, Plato continues, 
there were abundant forests in the 
mountains which provided fodder for 
the animals and storage for water, 
which could then issue forth in springs 
and rivers. “The water was not lost, as 
it is today, by running off a barren 
ground to the sea.” The extent of these 
forests, many of which had been cut 
down, was revealed in the traces still 
remaining and by the sanctuaries which 
were situated at the former sources of 
springs and rivers (Plato, 1929, Critias 
111, A-D). 

Plato reconstructs the prehistory of 
Attica by showing how the relict soils 
reveal ancient conditions of the plains 
and how the relict trees reveal the an¬ 
cient conditions of the mountains, sug¬ 
gesting that human history was in part 
the liistory of environmental changes 
induced by natural catastrophes and 

• Dr. Glacken is Assistant Professor of Ge- 
ography at the University of California, Ber¬ 
keley. An abstract of his doctoral dissertation, 
“The Idea of the Habitable World,** was pub- 
ished in 1952, and his book. The Great Loo-^ 
dhoo: A Study in Okinawan Village Life, in 
1Q55. 


human activities. Perhaps if this view 
had found more elaborate expression in 
the Laws, in which Plato discusses the 
origin and development of society, an 
awareness of the philosophical implica¬ 
tions of man's activities in changing the 
environment might have at that time 
entered the main stream of Western 
thought (1926, hi. 677-86D). 

Across the Eurasian continent, Men¬ 
cius, the Chinese philosopher, described 
the beautiful trees of the new moun¬ 
tain which were hewn down with axes. 
When they began growing again, buds 
and sprouts appeared, and cattle and 
goats browsed upon them. “To these 
things is owing the bare and stripped 
appearance of the mountain, and when 
people now see it, they think it was 
never finely wooded. But is this the 
nature of the mountain?” Few state¬ 
ments have summed up more lucidly 
than has this question of Mencius the 
difficulties of distinguishing a natural 
from a cultural landscape (1933, vi. 1. 
8 ). 

In the third century b.c. Eratosthenes 
described the manner in which the 
island of Cyprus was made habitable. 
Formerly its plains could not be used 
for agriculture because they were cov¬ 
ered with forests. Felling trees in order 
to provide fuel for smelting copper and 
silver mined there helped to clear the 
forests, and, “as the sea was now navi¬ 
gated with security and by a large naval 
force,” additional clearings were made 
for ship timber. These cuttings were not 
sufficient to clear the forests, and the 
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people therefore were allowed to cut 
down the trees “to hold the land thus 
cleared as their own property, free from 
all payments” (Strabo xiv. 6.5). Eratos¬ 
thenes thus relates the changes in the 
landscape to mining, navigation, and 
governmental land policy. 

Early observations such as these 
failed to inspire men to study the envi¬ 
ronmental changes made by human cul¬ 
tures as a part of human history. The 
reason for this failure is not that human 
modifications of the environment were 
so inconsequential as to be unworthy of 
remark but that the emphasis was on 
human society, its origin, and the man¬ 
ner of its changing through historical 
time. 

THK GOLDEN AGE AND THE 
IDEA OF CYCLES 

In the Greek notion of a past golden 
age with its “golden race of mortal 
men,” nature which had not felt the in¬ 
trusions of human art was considered 
more perfect and fruitful. “The boun¬ 
teous earth,” Hesiod said, “bare first for 
them of her own will, in plenty and 
without stint.” Similar statements were 
made centuries later by Lucretius, Var- 
ro, and Ovid (Hesiod, 1879, p. 80; Lu¬ 
cretius, 1947, ii. 1155^0; Varro, 1912, 
ii. 2. 3^; Ovid Metam. i. 101-5). The 
praise of the fertile soils of the golden 
age, which did not require cultivation, 
was probably a reflection of contem¬ 
porary dissatisfaction with the modest 
yields obtained by hard work. 

The idea of a cycle in the course of 
history, or in the growth of states and 
institutions—an analogy derived from 
the life-cycle of an organism—was in 
antiquity an alternative conception to 
the notion of degeneration from a gold¬ 
en age. Epicurus and Lucretius applied 
the cyclical theory to the earth itself, 
which in its prime spontaneously 
yielded crops, vines, fruits, and pastures 
that now even with toil could not be 
made to grow. A son should not com¬ 
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plain about his father’s good luck or 
rail at heaven because of his old and 
wilted vines: “nor does he grasp that 
all things waste away little by little and 
pass to the grave fordone by age and 
the lapse of life” (Lucretius, 1947, ii. 
1165-74 ).i 

Later in the poem, however, Lucre¬ 
tius, following Epicurus, traces the ori¬ 
gin of metallurgy to the accidental 
smelting of ores heated by forest fires 
which may have been started by light¬ 
ning, or by men who wished to frighten 
enemies concealed in the woods, to en¬ 
large their fields or pastures, or to kill 
the wild animals for profit, for hunting 
by the use of pitfalls and fire was an 
earlier development than driving game 
with dogs into fenced-in glades (ibid., 
V. 1245-50). 

The landscapes of inhabited lands 
were created by imitating nature; man 
had learned how to domesticate nature 
by sowing, grafting, and experimenting 
with plants. “And day by day they 
would constrain the woods more and 
more to retire up the mountains, and to 
give up the land beneath to tilth” to 
have meadows, pools, streams, crops, 
vineyards, and olive orchards (ibid., 
1370-75). Lucretius clearly is describ¬ 
ing here, in poetical language and with¬ 
out any suggestion of decay and death, 
the manner in which a people trans¬ 
forms the landscape. 

ANOTHER NATURE 

The early history of the idea of man 
as a modifier of his environment is also 
related to the broader conception, simi¬ 
lar to the cyclical theory, of a teleology 
existent in a single organism or in all 
nature—a conception fully developed by 
Aristotle in his discussion of the four 
causes. The fruit of the tree was inher¬ 
ent in the seed; so was a design implicit 

1. The author is grateful to the Oxford 
University Press for permission to quote from 
Titi Lucreti Cari De rerum nature, as trans¬ 
lated by Cyril Bailey. 
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in the living creation. Since man was 
the highest creature, all nature must 
have been created JFor him, an idea 
which must be one of the oldest of 
which there is a written record, for it is 
clearly expressed in ancient Egyptian 
creation myths (Frankfort et al., 1951, 
p. 64). 

In the idea of a design in nature, as 
it was developed by the Greeks and 
their Roman disciples, a pleasant and 
harmonious relation between man and 
nature is either expressed or implied, 
for human art improves the natural ad¬ 
vantages of an earth which has been 
created as a home for man. This idea 
is discussed by Aristotle {Politics i. 8), 
Cicero, Seneca (1912, iv. 5), and Pliny 
(1938-^2, vii. Pref.), Cicero’s exposi¬ 
tion being the most detailed. The earth 
endowed with living nature, said Cic¬ 
ero, is the proper home both for the 
gods and for man, man taking an active 
part in the care of nature by cultivating 
the earth so that its fertility would not 
be choked with weeds. There is an order 
of nature existing on earth—which is 
eternal—an order in which the great 
variety of organic species is arranged 
in an ascending scale. Man, as the high¬ 
est being in the scale, changes nature 
by using his hands, with which, guided 
by the intellect, he has created the art 
of agriculture and the techniques of 
fishing, animal domestication, mining, 
clearing, and navigation (Cicero, 1894, 
Nature of the Gods ii. 39, 45, 53). 

We are the absolute masters of what 
the earth produces. We enjoy the moun¬ 
tains and the plains. The rivers are ours. 
We sow the seed, and plant the trees. We 
fertilize the earth. . . . We stop, direct, 
and turn the rivers: in short by our hands 
we endea\or, by our various operations in 
this world, to make, as it were, another 
Nature [ibid. 60; cf. 30-67]. 

The concept of “another,” the man¬ 
made nature, thus seems a fusion of 
two elements: the design inherent in 
nature and the improvements of nature 


which are interpreted as the effects 
brought about by human art in fulfil¬ 
ment of the design. 

SOIL AND AGRICULTURE 

In the technical agricultural writings 
of antiquity, comments regarding hu¬ 
man changes of nature also appear in 
discussions of land use and of soil fer¬ 
tility. These writings, from Hesiod 
through Vergil and Pliny, are concerned 
for the most part with technical details, 
the Roman writers particularly empha¬ 
sizing farm management and the culti¬ 
vation of the olive and the vine. One 
significant fact about them is the asso¬ 
ciation of soil conservation with agri¬ 
culture—an association which has per¬ 
sisted in modern, even contemporary, 
times in discussions regarding popula¬ 
tion and food supply, in which the chief 
emphasis has been on the care and ferti¬ 
lization of arable land. 

Perhaps the earliest idea is that the 
soils must be allowed to rest, because 
cultivation tires them, “Fallow-land,” 
said Hesiod, “is a guardian-from-death- 
and-ruin, and a soother of children” 

(1879, p. 99). There is a similar idea in 
the Old Testament (Exod. 23:10-11; 
Lev. 25:1-7, 21-22), the Lord com¬ 
manding that every seventh year be a 
“sabbath of rest unto the land.” 

Two Roman writers, Varro and 
Columella, are significant in this his¬ 
tory, because their writings, revealing 
the influence of Stoic philosophy, dealt 
with questions which transcended the 
technical details of agriculture. 

Varro said that human life had de¬ 
veloped from the original state of 
nature “when man lived on those things 
which the virgin earth produced spon¬ 
taneously”—another reminder of the 
strength of the idea that soil fertility 
was characteristic of a golden age. From 
the state of nature mankind passed 
through a pastoral stage of gathering 
and animal domestication followed by 
the agricultural stage that lasted until 
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the rise of contemporary civilization 
(1912, ii. 1. 4-5). 

This theory and its modern successors 
diverted attention from the actual his¬ 
torical events, since cultural develop¬ 
ment presumably took place regardless 
of the nature of the physical environ¬ 
ment. The first serious challenge to this 
sequence was delayed, as Carl Sauer 
(1952, p. 20) has said, until Alexander 
von Humboldt attacked the theory, be¬ 
cause pastoral nomadism was not found 
in the New World. Since Varro’s time, 
however, abstract theories of cultural 
development have evaded the question 
of how man was changing his environ¬ 
ment as he marched through these 
stages. 

Varro was far more sensible than his 
latter-day imitators, for he saw an ex¬ 
ception to his theory in his own time 
and in his own country: heads of 
families have deserted the land for the 
cities and have imported corn and wine 
from foreign countries. “And so in that 
country where the city’s founders were 
shepherds and taught agriculture to 
their descendants, these descendants 
have reversed the process, and through 
covetousness and in despite of laws, 
have turned corn-land into meadow, 
not knowing the difference between 
agriculture and grazing” (1912, ii. In- 
trod.). Agriculture was creative; graz¬ 
ing, extractive. “Grazing cattle do not 
help to produce what grows on the 
land; they remove it with their teeth” 

( ibid .). 

In his work on agriculture Columella 
comments approvingly on the opinions 
of a certain Tremelius that the produc¬ 
tivity of land declines rapidly after a 
clearing; plows break the roots of the 
plants, and the trees no longer provide 
organic materials for fertilizer—a sen¬ 
tence reminding one of current discus¬ 
sions of the exhaustion of tropical soils 
a few years after they have been cleared 
and cultivated (1941, ii. 1. 6-7). Colu¬ 
mella is significant as a thinker, how¬ 


ever, because he objected to the analogy 
of the earth as a mortal being; his work 
begins with an attack, probably aimed 
at the Epicureans and Lucretius, on the 
popular view that the earth had a life- 
cycle: “It is not, therefore, because of 
weariness, as very many have believed, 
nor because of old age, but manifestly 
because of our own lack of energy that 
our cultivated lands yield us a less gen¬ 
erous return. For we may reap greater 
harvests if the earth is quickened again 
by frequent, timely, and moderate 
manuring” {ibid. 1. 7; cf. i. Pref.).2 In¬ 
stead of a philosophy of the earth as a 
mortal being, the practical Columella 
substitutes manuring. 

The Natural History of Pliny gives 
further evidence of a lively awareness 
in antiquity of the effects of human 
activities on the earth. Pliny says, too, 
that a soil should not be regarded as 
old in a mortal sense. Soils would last 
with care, and in cultivating hillsides 
it was not necessary to denude them if 
the digging were done skilfully. He also 
describes how the emptying of a lake 
in the Larissa district of Thessaly low¬ 
ered tlie temperatures of the vicinity, 
causing the olive to disappear and the 
vines to be frostbitten, how the climate 
of Aenos on the Maritza became warm- 
c'r when the river was diverted near it, 
and how Philippi altered its climate 
when its land under cultivation was 
drained (1938-52, xvii. 29-30). 

INFLUENCE OF THE PHYSICAL 
ENVIRONMENT 

Another influential body of thought, 
the theory of the influence of the phys¬ 
ical environment on human cultures, 
owes its origin to the thinkers of antiq¬ 
uity. This literature, both in antiquity 
and in modern times, has dealt with the 
influence of climate, soils, and geo- 

2. The author is grateful to the Harvard 
University Press for permission to quote from 
On Agriculture, as translated by Harrison 
Boyd Ash. 
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graphical location on individuals and 
on cultures. Its main outlines may be 
traced'"^ through the Hippocratic writ¬ 
ings, Herodotus, Thucydides, Aristotle, 
Polybius, Pliny, and Vitruvius, al¬ 
though the ancient writers on the whole 
were far less rigid in their determinism 
than many thinkers of the eighteenth 
and nineteenth centuries. 

The significance of these theories is 
that they led to a one-sided preoccupa¬ 
tion with environmental influences, 
largely ignoring the significance of man 
as an agent in changing the environ¬ 
ment; in ancient and modern times both 
ideas were often expressed by the same 
writer without any realization of an 
implied contradiction. 

THE BOOK OF GENESIS 

Ideas derived from the Old Testa¬ 
ment have also been important ele¬ 
ments in the formulation of modern 
conceptions of man’s relation to the 
earth. All beings which existed before 
the flood were commanded by the 
Creator to be fruitful and to multiply, 
man receiving in addition the command 
to take possession of the earth. After 
the flood the Lord gave similar com¬ 
mands to Noah and his sons, making a 
covenant with them that he would not 
again destroy the living things on earth. 
Man by divine command assumes a 
powerful control over nature (Gen. 
1:21-22, 27-28; 8:17, 21-22; 9:1-3). 
The fusion of these Old Testament 
ideas with the classical and Stoic idea 
of a design in nature provided a strong 
stimulus to the seventeenth-century 
study of living nature in order to find 
there proofs of the wisdom of God. 

The ideas of antiquity which have 
had the most influence on modern con- 

3. See3 the Hippocratic writings (Airs, 
Waters, Places); Herodotus (Hist. ix. 122); 
Thucydides ( Pelop. War i. 1); Aristotle (Pol 
v'»i. vi. 1-3); Polybius (Hist. iv. 19-21); Pliny 
(Nat. Hist. ii. 80); Vitruvius (On Arch. i. 
iv-vi; ii. i). 


the Face of Earth 

ceptions of the relation of man to the 
earth were the idea of a design in na¬ 
ture and the various theories of environ¬ 
mental influence. The cyclical idea has 
been of great importance in the history 
of social and political thought and in 
the philosophy of history—Vico and 
Spongier are mode?rn examples—but 
does not seem to have had a lasting in¬ 
fluence in modern conceptions of man’s 
relation to nature. The agricultural writ¬ 
ings were very influential in early mod¬ 
ern times but only as a technical litera¬ 
ture. The idea of man as a modifier of 
the earth does not seem to have been 
transmitted as an idea, probably be¬ 
cause it was not well forinulah'd in 
antiquity and because notices of man’s 
activities were absorbed as descriptions 
or as elements of well-established ideas. 

FELLING OF TREKS 

Men in early modern times became 
aware of their power to change nature 
mostly because they observed the effects 
of cutting down trees, for comments on 
the consequences of clearing have been 
traced to Carolingian times (Mauiy, 
1856, pp. 71-80). Concern over the con¬ 
sequences of deforestation was very 
marked in the late seventeenth century, 
as the provisions of Colbert’s Forest 
Ordinance (1669) (see Brown, 1883h) 
and the discussions in Evelyn’s Silva 
(1664) clearly show. The provisions of 
the Forest Ordinance reveal an awariv 
ness of the relation of forest care to such 
practices as grazing, mast feeding, and 
the. gathering of forest litter. In Evelyn’s 
Silva the idea that economic objectives 
may act at cross-purposes with desirable 
arrangements in nature is revealed in 
the discussion of agriculture, industry, 
and forestry. Evelyn thought the pros¬ 
perity of the glass-making, iron-smelt¬ 
ing. and naval-building industries often 
was inconsistent with the existence of 
forests because of the heedless con¬ 
sumption of wood for fuel, resources 
like woods and iron ore having a capri- 
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cious and unfortunate distribution: 
“But nature has thought fit to produce 
this wasting Ore more plentifully in 
wood-land than in any other ground, 
and to enrich our forests to tlieir own 
destruction” (1786, II, 265; cf. p. 214 
on succession; p. 269). Evelyn’s main 
C(‘nsure, however, was reserved for the 
encroachments of agriculture on the for- 
c\sts—for the “disproportionate spread of 
tillage” {ibid., I, 1-2). 

THF. WISDOM OF GOD 

111 the late seventeenth century a 
grand conception of nature as a divine¬ 
ly created order for the well-being of 
all lift^ was formulated. It was a time of 
great interest in philosophy, population 
theory, botany, geology, and astronomy 
and of great activity in the drainage of 
swamps, fens, and bogs. The key ideas 
in this conception, which is closely re¬ 
lated to the idea of a great chain of 
being whose importance in the history 
of Western thought has been so pro¬ 
foundly elucidated by Arthur Lovejoy, 
are fully discussed in John Ray’s The 
Wisdom of God Manifested in the 
Works of the Creation (first edition, 
1691) and William Derham’s Physico- 
theology. A disciple of Ray, Derham 
based his work on the Boyle Lectures 
which he delivered in 1711-12. 

Although the conception was closely 
related to contemporary theological 
and philosophical thinking, particular¬ 
ly that of the Cambridge Platonists, we 
must content ourselves here with point¬ 
ing out several attitudes which were 
held toward the earth as a habitable 
planet. (1) Men like Ray and Derham 
ardently tried to refute the ideas of 
Thomas Burnet, whose Sacred Theory 
of the Earth contained many unflatter¬ 
ing references to the planet as it was 
constituted after the flood (1753, I, 65). 
According to Burnet, it was poorly fash¬ 
ioned as a living place for man, and 
nature was hard and niggardly. Further¬ 
more, the earth was unreasonably tilted 
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twenty-three and a half degrees from 
the plane of the ecliptic, there was alto¬ 
gether too much sea, and the haphazard 
distribution of mountains and valleys 
could not be compared with the advan¬ 
tages of the smooth-surfaced antedilu¬ 
vian world {ibid., pp. 178-89). 

In rebuttal, Ray, Derham, and others 
of hke mind pointed out the great ad¬ 
vantages of the earth’s tilting on its 
axis to all life, the inclination being re¬ 
sponsible for the seasons and for pre¬ 
venting climatic excess. The sea, far 
from being superfluous, supplied rain 
for the land. The hand of a wise Provi¬ 
dence was seen also in the washing- 
down of earth from the mountains to be 
spread on the meadows, in the running 
water carrying soil in suspension to 
nourish plants, and in the winds which 
moved the clouds in the sky, providing 
a more “cominodius watering.” They 
commented too on the beauties created 
by the happy distribution of landforms, 
lakes, and streams on the earth, making 
life both convenient and enjoyable. (2) 
The aistribution of climates and the 
production of plants and animals in the 
various zones were too advantageous to 
life and too well reasoned to be ac¬ 
cepted as fortuitous circumstances. 
(3) The task of human art was to im¬ 
prove the primeval aspect of the earth 
through tillage and in other ways. (4) 
Although the Creator had bestowed 
great gifts on man, all ranks of being in 
the world had their place in nature and 
were not created for man alone. Man in 
this conception is a mighty but not 
omnipotent being on earth; he is at the 
top of the scale, but with responsibili¬ 
ties, for he is a caretaker, or, in the 
words of Sir Mathew Hale, a steward of 
God (Ray, 1759, pp. 79-91 et passim; 
Derham, 1798, pp. 60-64 et passim). 

These thinkers rejected both the idea 
of the world as a machine and the 
Baconian view that scientific and reli¬ 
gious inquiry should be separate. They 
saw man living in a world—which he 
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could change and improve—where the 
order and beauty of nature, manifesta- 
tions of the Creator s skill and wisdom, 
could be seen eveiywhere 1^59, 

pp. 31-37; Derham, 1798, pp. 116, 131- 
32), There was do patience with primi¬ 
tivism: a man, said Ray, would be 
wanting in sense if he preferred the 
existence of a Scythian to the polished 
life and the beautifully tilled fields of 
Europe (1759, pp. 164-65). 

More than a century before Alexan¬ 
der von Humboldt’s famous phrases 
about the unity of nature amid its di¬ 
versity, these men spoke of a balance 
and a harmony in nature which had 
been so wonderfully designed by the 
Creator.^ The classical notion of a de¬ 
sign in nature, the Old Testament ideas, 
and the seventeenth-century passion 
for science had come together and pro¬ 
vided the stimulus for the enthusiastic 


uninhabited lands: the anciently in¬ 
habited countries have few woods, 
lakes, or marshes, but they have many 
heaths and scrub, their mountains are 
hare, and their soils are Jess fertile be¬ 
cause they lack the organic matter 
which woods —felled in inhabited 

countries—supply, and the herbs are 
browsed. “Men destroy woods, drain 
marshes and lakes, and in process of 
time, give an appearance to the surface 
of the earth totally different from that 
of uninhabited or newly peopled coun¬ 
tries” (Buffon, 1866, I, 38). 

The French naturalist also was inter¬ 
ested in climatic change brought about 
by clearing and cited instances from 
travel accounts of Quebec, Cayenne, 
and the Guianas. Lands with forests are 
cold, and, when the forests are cut, the 
climate becomes warmer. It is more 
difficult for man to cool than to heat 


study of living nature.® the earth, for it is easier to cut trees in 

In the later development of the idea Guiana than to plant them in Arabia 
of a harmony in nature, the role of the (ibid., pp. 45-46, 73; II, 183; 1799, IV, 
Creator recedes somewhat, and nature 21-23). In countries which are too 


becomes an entity itself—often it is per¬ 
sonified—and the idea of man as a be¬ 
ing co-operating in the improvement of 
nature is expanded. In the nineteenth 
century, especially in the works of 
Marsh, the idea creeps in that man has 
failed in his appointed role as a steward 
of God and that man’s vast changes are 
upsetting the balance and the harmony 
of nature and are ruining the earth. 

INHABITED AND UNINHABITED 
COUNTRIES 

In the stately and eloquent writings 
of Buffon, which reveal a deep study 
of the scientific literature of England, 
man plays a very active role in chang¬ 
ing the surface of the earth. Buffon con¬ 
trasts the appearance of inhabited with 

4. On the balance of animals and a seven¬ 
teenth-century food chain see Derham, 1798, 
pp. 257-70; cf. Ray, 1759, pp. 371-75. 

5. On Rays influence see Raven, 1942, pp. 
452-76. 


small to support polished societies, the 
surface of the land is more rugged and 
unequal, and the river channels are 
more interrupted by cataracts (Buffon, 
1866, I, 7). 

Buffon stresses the profound effects 
which man has made in nature by the 
domestication of animals and plants. 
The domestication of the dog made 
man’s peaceable possession of the earth 
possible because it was the means by 
which wild animals were tracked down, 
captured, and domesticated. The do¬ 
mestication of animals, in turn, was the 
basis both of hunting and of agricul¬ 
ture, so that men and animals could 
multiply; in this manner, an environ¬ 
ment was refashioned in the course of 
time by human art. With the multipli¬ 
cation and dispersal of man and his 
animals, the days of the wild animals 
were numbered. “Time fights against 
them.” In words like those Darwin used 
in the first chapter of the Origin of 
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Species, BufFon describes the control 
man has acquired over plants through 
l)re(‘ding and artificial selection (ibid., 
p. 365, essay on the dog; II, 35, on 
mules; pp. 184-86). 

Occasionally, Buffon indignantly crit¬ 
icizes the acts of man, observing, for 
example, that he would destroy all 
nature “if by a fecundity superior to 
his depradations she did not repair the 
havock he makes” (ibid., I, 392, on 
carnivorous animals), but in the main 
Buffon has an optimistic outlook. Like 
John Ray, he has no patience with the 
supposed glories of a golden age or 
with the beauties of a state of nature, 
but he had praise for nature which had 
been and would continue to be im¬ 
proved through human art. In the 
“Epochs of Nature,” composed toward 
the end of a long life, Buffon divides 
the history of the earth into seven 
periods, the last of which is called 
“when the power of man assisted the 
works of nature.” To Buffon, man 
through his ability to modify nature 
had now become a force in the evolu¬ 
tion of the earth (ibid., II, 184; 1799, 
IV, 40-41). 

The importance of Buffon’s thought 
lay in the recognition of the historical 
relation between the growth and dis¬ 
persal of plant, animal, and human pop¬ 
ulations and the modifications of the 
earth which this growth and dispersal 
had brought about both in old settle¬ 
ments and in new colonies. 

THE ALPINE TORRENTS 

Studies of the torrents of the French 
and the Austrian Alps undertaken in 
the late eighteenth and early nineteenth 
centuries deepened immeasurably the 
realization of man’s power to change 
the earth. As the century wore on, the 
field of inquiry had broadened to en¬ 
compass the relation of human cultures 
to the forests, climate, soils, and agricul¬ 
ture. 

In 1797 a French engineer named 


Fabre announced that the causes of the 
sudden and overwhelming Alpine tor¬ 
rents which flooded the farms and set¬ 
tlements of the lowlands were clearing 
and deforestation in the high Alps. The 
cutting of trees in the high mountain 
fastnesses, Fabre said, permitted the 
formation of torrents which brought 
about seven kinds of disaster: the ruin 
of the forests; the erosion of the moun¬ 
tain soils and the consequent destruc¬ 
tion of mountain pastures; the ruin of 
dwellings situated along the streams; 
the divisions of watercourses in their 
lower reaches caused by floods; litiga¬ 
tion over riparian rights as a conse¬ 
quence of the division of the water¬ 
courses; silting of the mouth of streams; 
and the diminution of the water sources 
which fed the streams and rivers (ex¬ 
tract in Brown, 1880, pp. 55-58). 

Fabre’s work was the beginning of a 
long series of French studies, pursued 
by foresters, engineers, and agrono¬ 
mists, whose work is so intimately asso¬ 
ciated with the great project of refores¬ 
tation (rehoisment) which the French 
government undertook in the Hautes- 
Alpes during the nineteenth century 
(Anonymous, 1911). Fabre’s successor, 
Surell, continued the study, announcing 
that Alpine torrents appeared when 
forests disappeared and that they dis¬ 
appeared when forests were restored 
(extracts in Brown, 1880, pp. 30-47). 
Similar works on the Austrian Alps, pos¬ 
sibly anticipating that of Fabre, ap¬ 
peared about the same time, three of 
them being published, significantly, in 
the city of Innsbruck. The Italians also 
had interested themselves in torrents, 
control of watercourses, and soil ero¬ 
sion, their interest in these subjects go¬ 
ing back at least to Leonardo, who had 
noted that streams were muddier when 
they passed through populated districts 
(ibid., pp. 131-34; Leonardo da Vinci, 
1954, p. 310). 

The theme running through the spe¬ 
cialized studies which appeared in the 
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early-nineteenth-century literature was 
that clearing, grazing and transhu- 
mance, torrents, and shifting agriculture 
were all parts of the greater problem 
of Alpine deforestation. Observations 
made of the levels of Alpine lakes fur¬ 
ther broadened the inquiry to include 
study of the relation of deforestation to 
climate. Horace-Benedict de Saussure 
aroused considerable interest when he 
published, in his Voyage dans les Alpes, 
measurements of the water levels of 
Lake Neuchatel, Lake Bienne, and Lake 
Morat; the French chemist Boussingault 
studied De Saussure’s materials and 
came to the conclusion that water levels 


devastated in the wars of independence, 
the newly freed slaves had joined the 
army, agriculture was largely aban¬ 
doned, and the forest again covered 
the ground; natural conditions, being 
easily restored in a tropical environ¬ 
ment, had re-established the flow of 
waters in a region which now approxi¬ 
mated virgin conditions (Boussingault, 
n.d., p. 499). 

Alexander von Humboldt's writings 
are an important landmark in the his¬ 
tory of the idea of man as a geographic 
agent, even though many environmen- 
talistic ideas are scattered throughout 
his works. Like Mencius and Buffon, 


had lowered in modem times owing 
to the cutting of woods (De Saussure, 
1779, I, 324; cf. p. 150). 

The prestige and the industry of 
Alexander von Humboldt also stimu¬ 
lated inquiry into the question, for he 
had devoted much time to the study of 
the relation of forest clearance to cli¬ 
matic change, using the lakes both of 
the New World and of Central Asia as 
examples. After studying the lake in the 
valley of Aragua in Venezuela, von 
Humboldt concluded that the lake level 
in 1800, the year of Iiis visit, had low¬ 
ered in recent times and that deforesta¬ 
tion, clearing of plains, and the cultiva¬ 
tion of indigo were, in addition to 
evaporation and the dryness of the 
atmosphere, the causes of the gradual 
drying-up of the lake. “By felling the 
trees which cover the tops and sides of 
mountains,” von Humboldt said (1852, 
II, 9), in a widely quoted sentence, 
“men in every climate prepare at once 
two calamities for future generations: 
want f)f fuel and scarcity of water.” 

Twenty-five years later Boussingault 
visited the same valley in order to see 
if any changes had occurred since von 
Humboldt's visit and found that the 
level of the lake had been rising so fast 
that people feared the possibility of 
floods. His explanation for this reversal 
of conditions was that the country was 


von Humboldt had an eye for the dis¬ 
tinction between a cultural and a nat¬ 
ural landscape. A traveler to Italy, 
Spain, or the African coasts of the Medi- 
tenanean, he said, might “easily be led 
to adopt the erroneous inference that 
absence of trees is a characteristic of 
hot climates.” But southern Europe was 
different at the time of the Pelasgian or 
Carthaginian colonization; civilization 
sets bounds to the increase of forests, 
and the youthfulness of a civilization is 
proved by the existence of its woods 
(Humboldt, 1849, p. 232, essay on 
physiognomy of plants). 

Both von Humboldt and Boussingault 
were influential in promoting scientific 
investigation of the relation of agricul¬ 
ture and forest clearance to climatic 
change. Boussingault summarized the 
results of his investigation of the rela¬ 
tion of man's cultural activities to his 
environment: (1) extensive forest de¬ 
struction diminishes the amount of run¬ 
ning water; (2) the diminution might 
be owing to less average annual rainfall 
or more active evaporation or both; 
(3) the quantity of running water of 
countries having no agricultural im¬ 
provement is regular and does not seem 
to change perceptibly; (4) forests regu¬ 
larize stream flow by impeding evapo¬ 
ration; (5) agriculture in a dry country 
which lacks forests dissipates an addi- 
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tional portion of running water; and 
(6) limited clearings of forests cause a 
diminution of springs (Boussingault, 
n.d., p. 507). 

Early-nineteenth-century American 
writers also discussed questions relat¬ 
ing to the effects of agriculture on the 
forests; a paper on the subject written 
by Thomas Jefferson was translated in¬ 
to French by the Abbe Morellet (Bec- 
querel, 1871, p, 408). The early Ameri¬ 
can writers were particularly alarmed 
at soil exhaustion and soil erosion and 
suggested many different methods of 
fertilizing or of plowing to preserve the 
soils. There was in fact a strong con¬ 
tinuity of scientific effort in the United 
States and in Europe throughout the 
century with relation to the preserva¬ 
tion of soils and of forests (Hough, 
1878, pp. 278-79; Van Hise, 1910; Mc¬ 
Donald, 1941; Bennett, 1944). 

Meanwhile, Carl Fraas had published 
an influential book on the destruction 
of the vegetation of Persia, Mesopo¬ 
tamia, Palestine, Egypt, and southern 
Europe as a result of human activities. 
Fraas argued that the original vegeta¬ 
tion of these regions had been a re¬ 
sponse to climatic conditions and that 
man, mostly through deforestation, had 
changed the vegetation—which was now 
less useful to him—and also the climate, 
rejecting explanations of climatic 
change through purely physical causes 
(1847, pp. 18—124). Fraas’s thesis in¬ 
fluenced the eminent German historian 
Ernst Curtius, whose work on the Pelo¬ 
ponnesus stressed the role of man as an 
agent in changing the environment of 
the Morea (1851, I, 53-55). 

The conclusion of these early-nine¬ 
teenth-century investigators can be 
summed up in a sentence: Civilization 
leads to aridity. These theories of cli¬ 
matic change as a result of human 
activities both in agriculture and in the 
forests appeared considerably earlier 
than those of Prince Kropotkin (1904), 
Raphael Pumpelly (1908), and Ells¬ 


worth Huntington (1915) that the des¬ 
iccation of Eurasia and the consequent 
decline of civilizations were the result 
of climatic change independent of hu¬ 
man agency (cf. Gregory, 1914). Re¬ 
cent writings during the last twenty 
years on soil erosion, destructive graz¬ 
ing, and the like have in fact returned 
to earlier views that aridity has been 
caused by man (e.g., Bennett, 1939; 
Tacks and Whyte, 1939; Lowdermilk, 
1943). 

MAN AND PLANTS 

Botanists and plant geographers also 
were discussing the effects of culture 
on the natural vegetation. The Danish 
plant geographer Frederick Schouw 
wrote that nature if uninterfered \vith 
would remain about the same through¬ 
out time; man, however, could change 
the vegetation, and his power to do so 
increased with his cultural advance¬ 
ment. The greatest transformations had 
taken place in Europe; only the Euro¬ 
pean polar regions and the Alps were 
relatively unchanged. Perhaps had he 
lived closer to the Alps, Schouw might 
have included them as a region of 
change. Curiously, Schouw did not re¬ 
gard grazing as bringing about signif¬ 
icant changes in nature. Although he 
repeats earlier themes that countries 
with the oldest civilizations have the 
fewest woods, his faith in science and 
technology made him optimistic, for 
civilization had created natural beauty 
itself, and a “more profound knowledge 
of natural forces gives a counterpoise 
to whatever hurtful effects civilisation 
brings with it” (1852, p. 238; cf. pp. IS¬ 
IS, 67, 239). 

The German botanist Schleiden 
stressed the great influence man had 
exerted in altering the world distribu¬ 
tion of vegetation. Plant domestication 
and plant breeding he considered the 
most beneficial of man’s changes, but 
man had also been a distributor of 
weeds; rubbish plants—thorns and this- 
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ties —‘rnark the track which Man has 
proudly traversed throughout the earth’’ 
(1848, p. 306; cf. pp. 299-307). 

Around the middle of the century 
Alphonse de Candolle warned scientists 
who were interested in the evolution of 
plants and in their distribution in past 
geological eras that time was running 
out. “The increasing activity of man 
effaces these every dav, and it is not 
one of the lesser merits of our civiliza¬ 
tion to establish a multitude of facts of 
which our posterity would no longer 
have any material visible proof” (1855, 
p. 1340). 

Victor Hehn’s celebrated work. The 
Wanderings of Plants and Animals 
(1888), is unique because he empha¬ 
sized the power of man and rejected 
the idea that man caused irreversible 
changes in nature. It could not be de¬ 
nied that, especially since the age of 
discovery, “the whole physiognomy of 
life, labour, and landscape in a country 
may in the course of centuries be 
changed under the hand of man.” Euro¬ 
pean plants and animals had supplanted 
those of the New World, but the best 
illustration was the history of organic 
nature of Greece and Italy, because thc‘ 
known time span was at least two mil¬ 
lenniums (Hehn, 1888, p. 7). In es¬ 
sence, Hehn said that the Mediterra¬ 
nean lands were an indirect creation of 
the Near Eastern peoples, for, in the 
Near East, plants and animals had been 
domesticated and had been diffused 
through the Mediterranean by man. 
Helm had no patience, however, with 
pessimists like Fraas who saw the ex¬ 
haustion of the earth as a consequence 
of human activities and who did not 
emphasize the possibilities of restora¬ 
tion; the depradations of the goat, de¬ 
forestation, and soil erosion need not be 
irreparable. For the same reason he ob¬ 
jected to the new agricultural chemis¬ 
try whose disciples “have already 
passed sentence on the East and the 
Mediterranean countries and raised 


their lament over the dead (ibid., p. 
23; on exhaustion of culturOy pp. 19—30). 

The work of Hehn, a philologist, was 
ill that great scholarly tradition of 
Jones, Adelung, Bopp, Schlcgel, Lassen, 
and Grimm, which was concerned both 
witli comparative linguistics and with 
the origin of the Aryans. All civilization 
had been derived from an Eastern 
cradle, an idea which was summeid up 
in the phrase ex oriente lux. Carl Ritter, 
Arnold Guyot, and George W. F. Hegel 
used this idea in their interpretation of 
history as a geographical march from 
east to w€?st; Hehn applied the idea to 
environmental change in the Mediter¬ 
ranean. 

THE WEAKNESS OF MAN 

In the first edition of his Principles 
of Geology (1830-33), Charles Lyell 
wrote that man must be considered 
“among the powers of organic nature” 
which modified the physical geography 
of the globe. Although these modifica¬ 
tions were considerable, they were to 
Lyell relatively insignificant. “No appli¬ 
cation, perhaps, of human skill and la¬ 
bour tends so greatly to vary the state 
of the habitable surface, as that em¬ 
ployed in the drainage of lakes and 
marshes, since not only the stations of 
many animals and plants, but the gen¬ 
eral climate of a district, may thus be 
modified” (1830-33, II, 205). Lyell 
compared the effects of human modifi¬ 
cations to those of brute animals, the 
only anomaly in the intervention of 
man being that a single species “would 
exert, by its superior power and uni¬ 
versal distribution, an influence equal 
to that of hundreds of other terrestrial 
animals.” If one inquired whether man, 
through his direct removing power or 
indirect changes, tended to lessen or in¬ 
crease the inequalities of the earth’s 
surface, Lyell said, “we shall incline, 
perhaps, to the opinion that he is a 
levelling agent” (ibid., p. 207). 

The great geologist subsequently 
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modified his earlier views and no longer 
maintained that human modifications 
were similar in kind to brute action. 
Man in his progressive development in¬ 
creased his power of change through 
the accumulation of knowledge and 
could be expected to make even greater 
changes in the future. Lyell hoped that 
any man-made modifications would be 
in harmony with the orderly evolution 
which he thought had characterized 
most of the past history of the earth 
(1872, I, 170-71). The minor role of 
man as a geological force is in sharp 
contrast with the violent role many of 
Lyeirs contemporaries found man play¬ 
ing throughout the world, although 
Lyell himself describes in a vivid pas¬ 
sage a man-made gully he observed 
during his American tour near Mil- 
ledgevillc, Georgia (1849, II, 23-25; cf. 
1,344-45). 

THE stri:ngth of man 

When President Lincoln appointed 
George Perkins Marsh to be the first 
American minister to the Kingdom of 
Italy in 1861, Marsh had already served 
as American minister to Turkey and on 
a diplomatic mission to Greece. In the 
preparation of Man and Mature, or 
Physical Geography as Modified by Hu¬ 
man Action (1864), he had at his dis¬ 
posal not only his own observations but 
the immense accumulation of Euro¬ 
pean materials whose vastness I have 
only hinted at in the preceding pages. 

Marsh rightly said that his work was 
the first general and extended study of 
the subject, although he did not, as the 
title implies, consider the whole earth; 
the countries of northwestern Europe 
and of the Mediterranean Basin were 
his chief examples. His purpose was to 
indicate “the character and approxi¬ 
mately, the extent of the changes pro¬ 
duced by human action, . . . the dangers 
of imprudence and the necessity of 
caution in all operations, which on a 
large scale interfere with the sponta¬ 


neous arrangements of the organic or 
the inorganic world,” to make sugges¬ 
tions for “the restoration of disturbed 
harmonies,” and, in a sentence which 
.shows his kinship with the classical, 
biblical, and seventeenth-century tradi¬ 
tion, “incidentally, to illustrate the doc¬ 
trine that man is, in both kind and de¬ 
gree, a power of a higher order than 
any other forms of animated life, which, 
like him, are nourished at the table of 
bounteous nature” (1864, p. iii). Man 
and Nature may be described as a 
philosophical treatise documented with 
technical materials. In his work the 
technical ideas of men like Evelyn, 
Fabre, and their successors converge 
with the seventeenth-century concep¬ 
tion of nature as a divinely designed 
balance and harmony. Marsh attacked 
the idea that man was a weak geologi¬ 
cal agent whose power, as Lyell at first 
thought, is of the same order as brute 
animals, as well as the environmental- 
istic ideas, which he ascribed to Ritter, 
Guyot, and von Humboldt, that human 
cultures were molded in large part by 
the physical environment. 

Marsh organized his book topically 
according to “the chronological succes¬ 
sion in which man must be supposed to 
have extended his sway over the differ¬ 
ent provinces of his material kingdom”: 
first on animal and vegetable life, and 
then on the woods, the waters, and the 
sands. The effects of deforestation, how¬ 
ever, are given by far the greatest 
prominence because of the intense pre¬ 
occupation of the early-nineteenth- 
century scientists with this subject 
{ibid., pp. v-vi). 

In Man and Nature Marsh discussed 
many themes relating to human cul¬ 
tures and the environments transformed 
by them: the need of restoring the old 
lands and of caring for the new in a 
great era of international migration 
{ibid., p. 26); the balance of nature, 
human activities being considered as 
disturbances of that balance (p. 27); 
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the idea that every plant, animal, and 
human being is a geographical agent, 
man being d(‘structive, plants—and ani¬ 
mals to some (‘xtent—being restorative 
(pp. 57-58); the revolution accom¬ 
plished by man in plant distributions 
throughout the world (pp. 59-60); the 
idea that a domestic animal, like the 
goat or the camel, is an agent of man 
in modifying the environment (p. 79); 
the effects of wars, revolutions, and 
changes of fashion on physical gc'Ogra- 
phy (p. 84); modern agriculture as a 
fc'ccling and brex'ding ground for in¬ 
sects and the consequent increase of 
insect life at the expense of vegetable 
life, birds, and the smallc'r quadrupeds 
(p. 104); the increase in climatic con¬ 
trasts resulting from deforestation (pp. 
153, 210); man’s use of fire in clearing 
and in shifting agriculture (p. 136); 
the changes resulting from the drainage 
of bogs, reclamation of polders (chap, 
iv), and the fixation of sand dunes 
(chap, v); and the importance of con¬ 
serving ground water, including pro¬ 
posals for water storage (pp. 449-50). 

Marsh was a famous and widely rec¬ 
ognized man botli in Europe and in 
America; his works were referred to in 
the House of Commons in connection 
with the alarming deforestation of 
India; he was a recognized authority in 
America; and he helped compile the 
irrigation laws of France, Italy, and 
Spain and to assist the state of Cali¬ 
fornia in the development of its irriga¬ 
tion law. Yet his work was submerged 
in the tide of opinion which saw prog¬ 
ress everywlu'rc? in thc^ h('nc’ficent com¬ 
mand which man had attained over 
nature. While Marsh was writing of the 
deterioration of the earth as a habitable 
planet, Herbert Spencer, for example, 
spoke of the inevitable march of civili¬ 
zation, its population approaching 
equilibrium as it advanced, until at the 
end of the evolution the whole world 
would be cultivated like a garden 
(1866-67, H, 506-7). 


S3 

More than twenty years ago l.ewis 
Mumford (1931, pp. 72-78) reminded 

us of the great contributions of the 
forgotten American minister to Italy. 
Marsh brought together materials which 
liad been discussed in Europe for two 
generations, but his work was no mere 
compilation. He looked behind the doc¬ 
trine of man’s control over nature 
through science and technology and 
emphasized the unplanned, unantici¬ 
pated, and uncontrolled changes which 
man had made in his environment, an 
approach which was responsible for 
both the pessimism and the urgency of 
his writings. He did not deny that 
there was a favorable side to the pic¬ 
ture, but restorations had been incon¬ 
sequential compared with the great ac¬ 
cumulation of devastating changes. 

Marsh did more than make a plea for 
conservation; he gave the world a deep¬ 
er insight into the nature of human 
history. Our greatest dcd:)t to him is that 
he' studic^d the technical works of Euro¬ 
pean foresters, meteorologists, agrono¬ 
mists, drainage engineers and hydrolo; 
gists, botanists and plant geographers, 
and scientific travelers and for the first 
lime placed the results of their investi¬ 
gations where they belonged—in the 
forefront of human history. 

THE WTDE WORLD 

I’he late-nincteenth-century literature 
is extremely voluminous, and it is pos¬ 
sible to give only a few examples which 
illustrate various points of view regard¬ 
ing the relation of human cultures to 
environmental change. The studies and 
observations were world wide, particu¬ 
larly in Europe, the United States, 
Africa south of the Sahara, China, and 
India. The great changes which the 
Europeans were making in the environ¬ 
ment of Australia and New Zealand 
also had been of great interest since 
Lyell’s time. 

Baron von Richthofen described the 
desiccation of the Tarim Basin, a c'on- 
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sequence, he thought, of the diversion 
of water for oasis agriculture resulting 
in the drying-up of other lands which 
were then subject to wind erosion, the 
sand thus blown by the wind ultimately 
covering the fertile soil of the oast'S 
(1877-1912, I, 124-25); he saw a close 
relation between the deforestation and 
soil erosion in Shansi Province (ibid., 
II, 479) and noted the irrigation system 
of Szechwan (ibid.. Ill, 232-34) and 
the deforestation of southeastern China 
{ibid., pp. 414-15). 

The French geographer Elisee Re- 
clus, whose nineteen-volume work on 
the earth and its inhabitants was the 
most impressive of the nineteenth-cen¬ 
tury geographical surveys of the world, 
was torn betw^een a belief in inevitable 
progress and a pessimism derived in 
part from Marsh, in part from his owm 
observations. It was difficult to predict 
the possible course of civilization, for 
one could be optimistic regarding the 
impressive land reclamation, as in the 
Haarlem polder of Holland, but pessi¬ 
mistic regarding the w^orld-wide de¬ 
forestation and the indifference of 
minds of a ^so-called positive tendency” 
to changes wffiich man was making in 
nature (Reclus, 1873, pp. 522-^30). 

In the late seventies and eighties John 
Croumbie Brown published a remark¬ 
able series of works on forestry which 
are of great value because they contain 
extensive extracts of contemporary lit¬ 
erature published in out-of-the-way 
places (see “References,” sub nomine). 
Although Brown was interested prima¬ 
rily in the forests, related subjects like 
shifting agriculture, transhumance, cat¬ 
tle- and sheep-grazing, and the prob¬ 
lem of the goat were discussed at 
length. Equally remarkable was the re¬ 
port which Franklin B. Hough made 
for the United States Commissioner of 
Agriculture in 1877, including material 
on environmental change in the United 
States and in Europe, with frequent 


references to the works of von Hum¬ 
boldt, Bccquerel, Boussingault, Brown, 
and Marsh. The wnrks of Brown and 
Hough— even more than Marsh’s—reveal 
tlic "l)readth, variety, and historical 
depth of the study of environmental 
change in the nineteenth century. 

In ^ the United States, Nathaniel S. 
Shaler explored many of the themes 
which Marsh had mentioned. Geolo¬ 
gists everyw^here, Shaler wrote, recog¬ 
nized changes man had made on the 
earth, especially in the pursuit of agri¬ 
culture. “The old view that the earth 
was firm set and that on it we could 
build for ‘aye’ has gone the way of an- 
ci('nt opinions” (1896, p. 328). In his 
monograph on soils—a landmark in the 
history of soil concepts—Shaler stressed 
the importance of maintaining the “till¬ 
age values” of a country, for human 
cultures depend on the soil for their 
existence and must devise means for its 
continued preservation. Shaler took 
many of his illustrations regarding de¬ 
forestation and soil erosion from both 
sides of the Atlantic (ibid., pp. 369-71). 

Shaler discussed the dependence of 
civilization on metals and minerals and 
the problems posed by their accelerated 
use. Although he gave serious consid¬ 
eration to the possibility of their ex¬ 
haustion, he had faith in technology 
and in the power of man to use the fall¬ 
ing waters, the winds, and the tides. 

(The German geologist Fischer also 
wrote a penetrating analysis [1915] of 
the effects of civilization on mineral re- 
soi:^rces.) New resources created by in¬ 
vention would replace exhausted ones; 
Shaler matter-of-factly predicted the 
deforestation of the globe by the twen¬ 
ty-third century (1905h, p. 31), leaving 
only a few forests to insure the flow of 
streams. Man will not disappear from 
the earth but will master it; his intel¬ 
lect enables him to combat the agents 
that destroy other forms of organic life. 
“The limits set to him are not those set 



85 


Changing Ideas of the Habitable World 


by the death of his species, but by the 
endurance of the €?arth to the demands 
his progrt‘ssivc desires make upon lY’ 
(1904-5, p. 234). 

In 1904 the German geographer Ernst 
Friedrich tried to give theoretical ex- 
prt'ssion to the great changes which had 
Ix'cn made throughout the world- 
changes which were accelerating be¬ 
cause of the expansion of the European 
peopkis. Friedrich distinguished be- 
twt'cn the simple exploitative economy 
which did no permanent harm and the 
characteristic exploitative economy 
w'hich destroyed so iriuch of the en¬ 
vironment that it led to impoverishment 
of a people. The stages of this economic 
de\'elopment were (1 ) intensive, pro¬ 
longed, and heedless characteristic ex¬ 
ploitation, followed by (2) irnpoverish- 
mcmt, which in turn led to (3) self- 
consciousness and awareness of the 
need for conservation. The need which 
followed exploitation in the environ- 
m(.‘nt of Europe had led to the discov¬ 
ery of soil fertilizers. “We see before 
our eyes processes going on in the new 
lands whose compk^ted results may be 
observed in old Europe” (Friedrich, 
1904, p. 72). Exploitative economy 
{Rauhwirtschaft), reprehensible as its 
excesses—apparent in the slaughter of 
the seal, the bison, the elephant, and 
the whale—might be from a moral point 
ol view, was the way of progress. Min¬ 
ing, for example, was purely extractive, 
yet “in many cases we have to seek in 
mining an explanation for the geo¬ 
graphical expansion of mankind on 
earth” (ibid,), Raubwirtschaft was tem¬ 
porary, a characteristic of the youth of 
colonization; the earth gradually would 
be rationally exploited under the lead¬ 
ership of the European peoples (ibid,, 
p. 95). Friedrich’s essay was influential 
because many of his ideas, which 
stressed the active force of man, were 
adopted by the French school of geog¬ 
raphers, the possibilists, whose writings 


in turn have had a wide influence on 
twentieth-century concepts of man s re¬ 
lation to his environment. 

The Russian geographer and cliina 
tologist Alexander Woeikof, whose writ¬ 
ings also influenced the French school, 
thought that the power of man lay in 
his ability to divide and rule nature; by 
iiiterfering with vegetation, for exam¬ 
ple, man permitted the wasting-away 
of soils by wind and rain. The task of 
mankind was to control vegetation 
which held the soil in place, otherwise 
destruction of soils would lead to the 
extinction of civilization. W^oeikof 
(1901, pp. 105-6) ascribed the origin 
of th(j silt in the Ilwang Ho to the ac¬ 
tivities of man which had induced soil 
erosion. He thought the great expansion 
of cities, inclosing man on all sides, 
contributed to his growing ignorance of 
tlie processes of nature (ibid., pp. 207- 
8). Woeikof was optimistic with quali¬ 
fications: if the disharmonies were cor¬ 
rected, thc^re were “vast perspectives of 
progrc'ss” ahead (p. 215). There were 
also che tropical lands between the fif- 
tec'nth parallels of North and South lat¬ 
itude which could if necessary hold ten 
billion people (p. 211). 

After a century of study of man’s ac¬ 
tivities throughout the world, it is not 
surprising that a group of French think¬ 
ers with interests in geography and his¬ 
tory announced the doctrine of possi- 
bilism: human cultures were not molded 
by their environment; environment 
merely oflFered various possibilities 
which different cultures might use in 
dillcrent ways. This doctrine was a fu¬ 
sion of three sets of ideas: (1) the idea 
of man as a geographic agent, emphasiz¬ 
ing, that is, the role of man in changing 
the physical environment; (2) the sig¬ 
nificance of historical factors in the de¬ 
velopment of a culture; and (3) a con¬ 
cept of resources based on the idea of 
plant and animal associations, derived 
from the growing science of plant ecol- 
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ogy. Possibilism, however, was a weak 
tea compared with the strong brews of 
yesteryear.® 

By the first decade of the twentieth 
century—scarcely seventy years after 
JLyeJJ had described man as a wt'ak ge¬ 
ological agent-several geologists were 
calling man the dominant geological 
force of the planet. Terms like the 
‘psychozoic era,” ‘‘anthropozoic era, 
and the “mental era” wer^ used to char¬ 
acterize this new geological period, an¬ 
ticipating Vernadsky’s thesis, a genera¬ 
tion later, that the world was no longer 
a biosphere but a noosphere. After re¬ 
viewing the favorable and alarming as¬ 
pects of man’s power, Chamberlin and 
Salisbury expressed the newer point of 
view; “It is to be observed that the 
mental era has but just begun, and that 
its effects are increasing with a rapid¬ 
ity quite phenomenal when measured 
by the slow pace of most geological 
change” (1904, I, 619; cf. Vernadsky, 
1944, pp. 487-88). 

ENVIRONMENT AND PROGRESS 
This rich and vivid literature con¬ 
cerning environmental change brought 
about by human cultures was complete¬ 
ly ignored by the large majority of the 
students of man both in the eighteenth 
and in the nineteenth centuries. How is 
one to explain this neglect? In the first 
place, the subject of man’s changes of 
the earth was widely scattered in scien¬ 
tific and technical literature, where the 
philosophers, moral philosophers, and 
students of human society would be 
unlikely to turn for inspiration. In the 
second place, other ideas, especially en- 
vironinent^il determinism and the idea 
of progress, dominated the thinking of 
men who wrote history or who at¬ 
tempted a theoretical reconstruction of 
human development. 

Environmental determinism has had 
an astonishing vitality in modern times, 

6. On possibilism see Brunhes, 1920; Fe- 
bvre, 1925; Vidal do la Blanche, 1926. 


especially in the nineteenth century— 
when one would expect it least—an age 
of international migration, colonization 
of new lands, and far-reaching environ¬ 
mental changes throughout the world. 
There were two general kinds of en¬ 
vironmental theory: (1) the older tra¬ 
dition concerned with the influence of 
such factors as climate, location, and 
relief which originated in antiquity and 
was revived in modern times by such 
thinkers as Bodin, Montesquieu, and 
Carl Ritter, followed by (2) a more 
rigid determinism owing to the applica¬ 
tion of the Darwinian theory to human 
society. Cultures succeeded in the strug¬ 
gle for existence because of their ability 
to adapt themselves to limitations en¬ 
forced by the physical environment. It 
was the Malthusian theory applied to 
human society, but in the form which 
Darwin in the Origin of Species had 
given it by applying Malthus’ principle 
of population to the whole realm of or¬ 
ganic nature. The older environmental¬ 
ism led to an emphasis on geographical 
factors, influences, and controls, and 
the newer to an emphasis on the survi¬ 
val value of environmental adaptations. 
Environmentalism completely overshad¬ 
owed the idea of man as a geographic 
agent, and the subject, instead of be¬ 
coming a vital part of the study of man, 
was relegated to the technical and sci¬ 
entific literature. 

The idea of a progressive cultural de¬ 
velopment through an ideal series of 
stages was a dominant one from the 
eighteenth century until the beginning 
of World War I. It is true that many 
writers defined progress in terms of 
man’s increasing control over nature, 
but this was a control, acquired by a 
mastery of theoretical science and a 
knowledge of natural law, which was 
conscious and purposive in its applica¬ 
tion. Mankind dutifully marched 
through the stages of its cultural evolu¬ 
tion guided by the philosophers and 
the schoolmasters. The earth—if it was 
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considered at all—was the stage on 
which the drama was acted out. The 
idea that the haphazard, accidental, un¬ 
desired, unintended, and unforeseen 
changes which were brought about by 
man in the pursuit of his economic and 
social goals might have a place in the 
histories of civilization and in the study 
of contemporary peoples was absent 
from this point of view. 

THE LEGACY AND THE PROM¬ 
ISE OF THE PAST 

The ancient idea of a unity and de¬ 
sign in nature and the Old Testament 
conception of the role of man on earth 
provided the basis for the impressive 
contributions of the seventeenth-cen¬ 
tury thinkers, like Ray, who gave a 
fuller meaning to the idea of a balance 
in nature. The works of French natu¬ 
ralists of the eighteenth century, like 
Buffon’s, von Humboldt's study of plant 
associations in the different climatic re¬ 
gions of the earth, and Darwin's idea of 
a web of life, were in the same tradi¬ 
tion. Ecological studies since Darwin 
have in the main adhered to the idea of 
a balance in nature. Today the concept, 
a fundamental one in the conservation 
philosophy, is involved in one of the 
most important controversies of our 
time: the influence of world population 
growth and of theoretical and applied 
science on the physical geography of 
the earth. Optimists have faith in the 
conscious and purposive power of sci¬ 
ence; pessimists see the destruction of 
the earth as a consequence of the hap¬ 
hazard and heedless disturbances of the 
balance of nature. 

If human activities, however, are con¬ 
sidered—or defined—as interferences 
with this balance, we assume the exist¬ 
ence of a nature which is an abstrac¬ 
tion, and we neglect the eflFects of pre¬ 
historic and historic cultures on the nat¬ 
ural environment. These effects are his¬ 
torical events, and, if not regarded as 
such, the study of human cultures, with 


their mass of customs and traditions, 
and the study of physical environments 
will go their separate ways, and the gap 
between the two will be bridged witi 
metaphors. 

If the problem is regarded as a his¬ 
torical one, we will attain a better un¬ 
derstanding of the processes of cultural 
growth and the processes of nature. The 
themes mentioned by Buff on, Hehn, and 
Marsh have been enriched in our times 
by thinkers who have taken advantage 
of historical materials. Sauer’s empha¬ 
sis on historical periods like the Neo¬ 
lithic, the age of discovery, and modem 
industrial times as eras of great environ¬ 
mental change and his stress on the an¬ 
tiquity of human changes in the en¬ 
vironment through the use of fire show 
the importance of studying environmen¬ 
tal change throughout history (1938, 
1950, 1952). Vavilov's studies (1951) 
of original areas of plant domestication 
and his conception of man as a strong 
force in the evolution of plants create 
a similar impression. British scholars 
have linked the study of nature with 
the study of history, for the British have 
long been interested in local history 
and in the changes which long settle¬ 
ment has brought about in their small 
Island. Ritchie's study (1920) of the in¬ 
fluence of man on the animal life of 
Scotland and Sherlock’s study (1922) 
of man as a geological force in England 
are excellent illustrations of the use of 
historical materials. In Tansley’s his¬ 
tory (1939, pp. 147-210) of vegetation- 
al change in the British Isles, we see 
man maintaining or altering the vege¬ 
tation, sometimes consciously, some¬ 
times unconsciously, to suit die eco¬ 
nomic demands or the social goals of 
each historical period. 

In this historical essay I have con¬ 
fined the discussion almost exclusively 
to ideas which have been developed in 
the Western tradition, because most of 
them owe their existence to two unique 
achievements of Western thought: sci- 
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ence and critical scholarship. In looking 
back on the past, it seems that the 
thinkers of ancient and carl}" modern 
times saw only the changes that ap¬ 
peared in localities known to them, that 
those of the eighteenth century real¬ 
ized these changes were world wide, 
and that the thinkers of the nineteenth 
recognized both their extent and their 
cumulative effect, while contemporary 
thinkers are impressed with the accel¬ 
eration of change as a consequence of 
population growth and technological 
advance. 

Today, with all our awareness of the 


power of man, many thinkers still re¬ 
gard this as a planned and purposefully 
applitd power. The testimony of the 
jxist, in all its richru'ss and variety, re¬ 
minds us that this is a false view. The 
t arth has felt the touch of man in ways 
w Jiich can be understood only by fol¬ 
lowing the devious paths he has taken. 
TJie ideas and observations of the past 
suggest what these paths were—and 
w here tliev led—and therefore' will be 
a c<jntimiing source of new insights 
into the historical processes which have 
brought th(? earth to its pr('sent condi¬ 
tion. 
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Cultural Dijforerices in th(‘ Interpretation 
of Natural Rosoiirocs 

ALEXANDER SPOEHR' 


An examination of the interpretation 
that different peoples have placed on 
the natural resources on which they de¬ 
pend falls in the more general field of 
human ecology. The relation of any hu¬ 
man population to its natural resources 
is only })arl of a mort‘ inclusive set of 
relationships between such a population 
and its total natural environment. “Hu¬ 
man ecology,” though variously and 
often vaguely defined as a field of spe¬ 
cific subject matter, emphasizes rela¬ 
tionships with the environment and, as 
Bates (1953) has said, achieves its 
greatest usefulness as a point of view. 
The subject of this paper, therefore, is 
a part of human ecology, and the fol¬ 
lowing remarks will stress a point of 
vif^w rather than attempt a synthesis of 
a body of scientific literature. 

I am indebted to Carl Sauer for point¬ 
ing out that the concept “natural re¬ 
sources” is largely derived from our 
own society’s ceaseless attempt at find¬ 
ing new and more intensive uses for 
the raw materials of nature. It is doubt- 
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and Saipan: The Ethnology of a War-dev¬ 
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fill that many other societies, most of 
which are less involved with technologi¬ 
cal development, think about natural 
resources in the same way as we do. It 
is probable that the term itself, with 
the feeling tones that it carries, is pri¬ 
marily a product of our own industrial 
civilization. For this reason it is not 
possible to take the body of ethno¬ 
graphic accounts of different peoples 
and obtain a clear-cut view as to exact¬ 
ly what interpretation has been placed 
on their natural resources by non-West¬ 
ern .societies in different places and at 
different times. In ethnographic ac¬ 
counts chapters dealing with such peo¬ 
ples are seldom written quite that way. 

In the following review it has been 
necessary to tie a cross-cultural com¬ 
parison of the interpretation of natural 
resources to several rather arbitrarily 
selected reference points. Three have 
been chosen and will be examined in 
turn: (1) natural resources in relation 
to technology; (2) natural resources in 
relation to social structure; and (3) nat¬ 
ural resources and the interpretation of 
habitat. Of these three reference points, 
the first is most restricted in scope. The 
remaining two involve a progressively 
wider range of subject matter. 

NATURAL RESOURCES AND TECHNOLOGY 

It is a truism that every society must 
adapt itself to its environment to sur¬ 
vive. This adaptation is largely effected 
through the particular technology that 
a given society has developed and main- 
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tains. Viewed in world perspective and 
from the vantage point of man s hfstorx' 
on earth, the variety ol technical sys¬ 
tems is very great, ranging from the 
simple technology ol food-collectors 
such as the Australian aborigines or the 
Great Basin Indians of North America 
to the highly complex technology of 
Western industrial civilization. Various 
classifications of technologies have been 
devised, and no attempt will be made 
here to extend them (Forde, 1934). 
The point is rather that, regardless of 
the degree of complexity of a given 
technology, every technology is neces¬ 
sarily based on a thorough knowledge 
of the natural resources which are uti¬ 
lized through the working of the tech¬ 
nology. A food-collecting technology 
may be of a very simple order, but the 
men who practice it must of necessity 
have a sound empirical knowledge of 
that sector of the natural environment 
that provides the food they seek. 

Tliis point is made merely to empha¬ 
size that so-called ‘primitive” peoples 
do not exist in a state of ignorance of 
the natural world about them. It is true 
that the knowledge they possess is es¬ 
sentially empirical and that the over-all 
characteristics of a people’s technology 
tend to direct their interest to those 
particular resources of nature on which 
they depend. Thus the population densi¬ 
ties of some of the Micronesian atolls 
are so high in relation to their few 
square miles of dry-land area that these 
communities could not possibly survive 
without the fish resources of the atoll 
lagoons. A large sector of the technol¬ 
ogy of these atoll dwellers is comprised 
of skills and techniques associated with 
fishing, the building of canoes, and sea¬ 
manship, which in turn is related to an 
intimate knowledge of fish species, the 
habits and relative abundance of vari¬ 
ous spt whether or not they are 
poisonous, and similar matters. A given 
technology, by making possible a par¬ 
ticular kind of adaptation, tends to crys- 
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tallize interest and knowledge around 
that segment of natural resources on 
which the technolog)’ depends. 

Anthropological literature abounds 
also in examples of different p(‘o- 
ples inhabiting the same or very simi¬ 
lar habitats but who have made use of 
different sectors of the resources of 
their habitat. There may be a high de¬ 
gree of selectivity of particular re¬ 
sources around which the technology is 
centered. An interesting example can be 
giv'tui from Havv^aii. In the days whtui 
the Hawaiians had their islands to 
themselves, they w^ere fishermen and 
farmers. Their agricultural economy 
was built particularly on the cultivation 
of taro, which was grown chiefly in irri¬ 
gated plots in the bottom-land areas of 
coastal valleys, usually with very high 
rainfall. Such a valley, famous in local 
history, is that of Waipio on the island 
of Hawaii. It is estimated that at one 
time from three to four thousand peoph' 
lived in Waipio. During the nine^teenth 
and twentieth centuries the' economy of 
Hawaii completely changed. With the 
influx of immigrants from America, Eu¬ 
rope, and Asia, the economy of the is¬ 
land of Hawaii changed to large-scale 
agriculture, centered on sugar cane, cof¬ 
fee, and cattle-raising, for none of 
which Waipio is .suitable. The valley’s 
population today has dwindled to twen¬ 
ty-six persons, and a great part of it has 
been abandoned. Its soil re.sources are 
neglected, for present-day large-scale 
agricultural technology in use on the is¬ 
land is not suited to them, and they 
have been by-passed. 

The example from Hawaii again il¬ 
lustrates the point that interest in spe¬ 
cific natural resources and the uses to 
which they are put is greatly condi¬ 
tioned by the nature of the technology 
imposed upon such resources. Technol¬ 
ogy is in itself a part of man’s culture, 
and the interpretation of specific re¬ 
sources cannot be understood except as 
a facet of human culture. 
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To a considerable degree, the interest 
of our own society in the availability, 
renewability, and exploitability of natu¬ 
ral resources springs from our singular 
bent toward technological invention. It 
is true that technological invention has 
been a potent force throughout man s 
long history on earth. Yet, viewed 
against the background of human his¬ 
tory, our industrial civilization of the 
twentieth century has developed in a 
very short time. One of its characteris¬ 
tics, related, of course, to the growth of 
science, is its concern with invention. 
This concern the anthropologist does 
not find to be shared with all societies. 
Among many, once an adaptation to a 
given environment has been made 
through the medium of a particular 
technology, the manner of thought im¬ 
bedded in the culture of these societies 
may actually militate against the inven¬ 
tive process. One of the best examples 
is given by llaymond Firth in his out¬ 
standing study of the economy of Ti- 
kopia, a very isolated small island in 
the southwestern Pacific. Firth (1939) 
notes that the material culture and the 
technology of Tikopia are very closely 
adjusted to the resources of the island 
environment. He notes further that the 
Tikopians are in no way loath to accept 
trade goods in the form of useful tools. 
However, the Polynesian people of this 
small island “have formulated no par¬ 
ticular doctrine of technical invention" 
{ibid., p. 86). Their interest is centered 
on legendary origins of how they them¬ 
selves came to be rather than on tech¬ 
nological origins and on the technical 
processes of invention and change. 

Although the variety of cultures pos¬ 
sessed by non-literate, non-Westem so¬ 
cieties is so great that the appellation 
“primitive” is usually a misnomer, it is 
true that such societies are generally 
small and tied to a local habitat. Every 
local habitat imposes certain limitations 
on a purely local technology. The peo¬ 
ple of a Pacific atoll must of necessity 


exist within the limitations of an atoll 
environment. It is true that as taro- rais¬ 
ers the Marshall Islanders have chiil 
lenged the natural limitations of th< ii 
atoll environment by excavating larg< 
pits in the coral lime sands of the atoll 
islets and, by creating humus, through 
filling these pits with decaying vegeta¬ 
ble matter, are able to raise taro. This 
is a small-scale example of how one so¬ 
ciety has successfully challenged envi¬ 
ronmental restrictions. Yet the contrast 
is great when compared with the man¬ 
ner in whi' h contemporary Western in¬ 
dustrial civilization has freed itself from 
local environmental bonds and through 
its technology is world wide in scope. 
Chappie and Coon (1942, p. 249) have 
pointed out that technologically less 
complex societies tend to exploit single 
landscapes, whereas “we . . . live in all 
environments, not by exploiting single 
landscapes, separately, but by pooling 
and redistributing the products of all 
types of environment.” A marked dif¬ 
ference in the cultural interpretation of 
natural resources among diflFerent peo¬ 
ples follows from this fact. In small- 
scale preliterate societies concern with 
natural resources tends to be local; ours 
is world wide. 

NATURAL RESOURCKS AND 
SOCIAL STRUCTURE 

So far we have touched on the rela¬ 
tion of resources to technology, which 
in the last analysis comprises the char¬ 
acteristics of a society’s tool system for 
converting raw materials into finished 
products. The techniques available to 
a society, however, are but one facet of 
its total economy. The latter compre¬ 
hends also a body of generally accepted 
concepts regarding the control and use 
of resources, goods, and productive 
processes—such as those concepts em¬ 
bodied in the terms “income,” “capi¬ 
tal,” and “rent”—and, in addition, the 
particular manner in which human be¬ 
ings are organized to carry out activi- 
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ties generally labeled as economic. In 
this latter category are the particular 
wavs in \^lnell tlie individuals working 
in a factory or on a farm are organized, 
or the inaniu'r in which the market of 
a Mexican town is organized. In each 
ease, interpersonal relations tend to fall 
in definable patterns into a system of 
relationships that tends to persist so 
long as the common end—sucli as the ex¬ 
change' of goods—is being pursued. This 
organiziition of human bc'ings in eco¬ 
nomic activity is but part of the total 
social struc ture of a society. Economic 
orf^anization is related at many points to 
other st'gmcnts of social structure. Thus, 
the organization of a craft industry car¬ 
ried out in individual households is 
closely related to tlic prev^ailing char- 
actt'ristics of the system of relations 
among the kinfolk of the various house¬ 
holds. A people’s kinship system is only 
in part an aspect of their economy^ 

111 is point is made because the use 
of natural ri sources is controlled by the 
nature of social structure in addition to 
a body of productive techniques alone. 
One cannot consider the link between 
natural resources and man merely as a 
matter of converting raw materials into 
goods througli a given technology in 
order to house, feed, and clothe so-and- 
so many people, essential a.s these facts 
are. 

For purposes of illustration and con¬ 
trast, the following example from a 
t< (linologically less complex society 
may be useful. 

I'o the atoll dwellers of the Marshall 
Elands the coconut palm, as well as the 
lisli resources of the sea, is a mainstay 
of life. A relatively simple body of tech¬ 
nique's employing hand labor makes 
possible the use of the coconut for food, 
for export as copra, and for a variety of 
other products. However, the control of 
the coconut palm as a natural resource, 
the organization of production where¬ 
by it is converted into usable goods, and 


the (listribution of income derived from 
its production are all linked to Mar¬ 
shal lest' social structure. The Marshall 
Islanders retain a feudal-like class sys¬ 
tem of nobility and commoners. Title to 
all tlie land of the atoll nominally rests 
witli the paramount chief. Usufruct 
rights are apportioned among the lesser 
chiefs and, in turn, among the common- 
( i s. Land is not sold, and our own con- 
et'pts of ownership of real property are 
foreign to the system. The commoners 
cultivate the land, and the nobility re- 
c‘t'i\(* tribute in the form of produce. 
Toda}\ a share of cash receipts from the 
sale of copra is also remitted to the 
paramount chief as tribute. In addition, 
land rights arc', for the most part, held 
bv lineages of kinfolk who trace de- 
>c(‘nt in the matrilineal line. Each line¬ 
age lias a head who represents the line¬ 
age, and the head.ship as an office is 
also passed down in the matrilineal line. 
LiiK'ages, the class organization, and 
land tenure are all interrelated elements 
of a single system. As a result, to the 
Marshallese, the control and use of land 
r( sources are mediated through the par¬ 
ticular characteristics of their social 
structure. 

The significance of cultural factors in 
relation to resources is perhaps most 
clearly discerned during periods of 
rapid change. Cultural change is a com¬ 
plex, but not a haphazard, phenome¬ 
non. At times it may follow a rigidly de¬ 
fined course that from a biologist’s 
point of view is non-adaptive, in so far 
as the conservation and use of resources 
is concerned. An oft-quoted example is 
found in the cattle-raising peoples of 
East Africa, among whom cattle are so 
highly regarded and are so fundamen¬ 
tal a basis of status within the commu¬ 
nity that the greatest resistance to a 
reduction of herds has been encoun¬ 
tered among these people, despite seri¬ 
ous depletion of resources (Read, 
1938). A somewhat similar case is pro- 
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vided by the resistance of the Navaho 
to reduction of sheep on their over- 
grazed ranges. 

The purpose of these examples is sim¬ 
ply to emphasize that any group “inter¬ 
prets” its natural resources within the 
framework of its own social structure. 
The point at which this probably is 
most apparent is in the organization of 
production, for it is in production that 
the manner of control and the use of 
natural resources are most evident. The 
initial point in the productive process 
is the conversion of raw materials into 
goods. The raw materials are derived 
from resources in their natural state. If 
the resources are especially limited, re¬ 
strictive rights to their use may exist. 
Our own concepts of “ownership” may 
be viewed as the conjunction of our 
own particular social system and lim¬ 
ited resources. Yet Western ideas of 
ownership are by no means universal 
and are but one example of how an ex¬ 
clusive right may be culturally defined. 
The Pacific islands provide examples of 
diflPerently conceived rights to re¬ 
sources, where Western concepts of 
ownership are not applicable. Yet, 
among these peoples, rights controlling 
how resources, particularly land, are to 
be used and who is entitled to exercise 
control can also be viewed as the con¬ 
junction of social structure and habitat. 
The case of the Marshallese has been 
noted. For more extensive analyses of 
other island societies the reader is re¬ 
ferred to Firth (1929, 1939), to Hogbin 
(1939), and to Herskovits’ recent 
(1952) general review of the problem 
of ownership and land tenure. 

NATURAL RESOURCES AND HABITAT 

Natural resources are physically a 
part of habitat, and habitat is but one 
aspect of that complex of physical, 
chemical, and biological processes, with 
their resultant products, which we call 
“nature.” Modern man has conceptually 
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isolated natural resources as that seg 
rnent of the physical world that has d 
present or potential use for the survival 
and physical well-being of man, to 
developed as far as possible through 
the application of scientific knowledge. 
Yet natural resources are still a part of 
nature. 

The title of this paper, with its em¬ 
phasis on the “interpretation” of natu¬ 
ral resources, implies a comparison of 
attitudes held by different peoples to¬ 
ward natural resources. But, to return 
to a point niade earlier, concern for the 
development of “natural re.sources” 
seems largely a facet of modern civil¬ 
ization. What is necessary is an cjxam- 
ination, not merely of culturally condi¬ 
tioned attitudes toward natural re¬ 
sources, but of how various peoples 
have come to regard their relationship 
with their respective habitats (of which 
resources are but a part) and indeed 
with the entire physical universe in 
which they exist. It is at this point that 
the most fundamental contrast can be 
discerned between the Western indus¬ 
trial wc/jdd and small-scale, often pre¬ 
literate, societies. 

This subject has been explored and 
pix'sented, in a much more expert fash¬ 
ion than that of which I am capable, 
by Robert Redfield in his recent book. 
The Primitive World and Its Transfor¬ 
mations. It is a subject that anthropolo¬ 
gists have long pondered, though few 
with the breadth of interest displayed 
by Redfield. Ilis presentation is the 
point of departure for the following 
paragraphs. 

For the purpose of this essay there 
are two questions that are particularly 
relevant: (1) How have men, in differ¬ 
ent times and places, regarded nature, 
and hence the habitats in which they 
dwell? (2) How have these attitudes 
affected what men feel they should do 
about conserving and developing their 
habitats for human use? 
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In regard to the first question, the ini¬ 
tial point to be made is taken from Red- 
field and the writers that he in turn 
draws upon. It is that virtually every 
people regards the uiiiveise in some sort 
of structured cosmology. The degree to 
which this cosmology is systematized 
varies enormously. The points of em¬ 
phasis vary enormously. But every¬ 
where, and since ancient times, man has 
pondered his relation to the physical 
facts of the universe and has attempted 
to see man, nature, and the supernatu¬ 
ral in some sort of understandable re¬ 
lation. In this, my feeling from reading 
the accounts of ethnologists is the same 
as Redfield’s (1953, pp. 105-6)—that 
preliterate peoples, in regarding the 
universe, ‘'think of an orderly system 
originally set running by divine will and 
thereafter exhibiting its immanent or¬ 
der.” Whether the gods do or can inter¬ 
fere in the machine they have set run¬ 
ning is either not thought about or per¬ 
haps not reported sufficiently by ethnol¬ 
ogists. It seems more probable that 
preliterate peoples tend to regard the 
universe as operating under irreversible 
laws, once these are set in motion. 

And how is man’s place regarded in 
this scheme? To what degree is he sub¬ 
ject also to an order established under 
supernatural sanction? Here at least 
most preliterate societies offer a con¬ 
trast with our own. The contrast is well 
exemplified in the opening paragraph 
of Elsdon Best’s monograph. Forest 
Lore of the Maori. The contrast is 
shown both in Best’s point of view and 
in that of the Maori of whom he was 
writing: 

T’lie outlook of the Maori, as in connec¬ 
tion with natural phenomena and nature 
generally, often differed widely from our 
own; thus he looked upon the far spread 
forests of his island home as being neces¬ 
sary to his welfare, and also as being of 
allied origin. This peculiar outlook was 
based on the strange belief that man, 
birds, and trees are descended from a com¬ 


mon source; their ultimate origin lay with 
(he primal pair, Rangi the Sky Parent and 
Papa the Earth Mother, though they were 
actually brought into being by Tane the 
Fertilizer, one of the seventy offspring (^f 
the above-mentio7ied primal parents [Rest, 
19*12, p. 1]. 

Man, to many peoples, is not set apart 
from nature but is part of a single or¬ 
der, combining man, nature, and the 
gods. When man utilizes the resources 
of nature, it is within the framework of 
this system of ideas. Thus, in writing of 
the lack of interest in technological in¬ 
vention displayed by the island people 
of Tikopia, Firth notes (1939, p. 88) 
that the Tikopia are governed by their 
theory of natural resources, which "may 
be described briefly as a theory of the 
human utilization of resources under 
supernatural control, which governs not 
only their fertility, but also the social 
and economic relationships of those 
who handle them.” 

Within this essentially stable system, 
man and nature are not conceptually 
opposed but are considered as parts of 
the same thing. The totemic rites of 
the Australian Karadjeri, whereby the 
economically and socially important 
species of plants and animals were be¬ 
lieved to b(' assured of normal increase, 
reflected a similar manner of thought 
(Elkin, 1933). When Gay ton, writing 
of the integration of culture and envi¬ 
ronment effected through economic ac¬ 
tivity, ceremony, and myth among the 
Yokuts Indians, states (1946, p. 262) 
that "men and animals were peers,” 
much the same idea is expressed. 

In his consideration of the involve¬ 
ment of man and nature in the thought 
of preliterate and ancient societies. Red- 
field notes (1953, p. 104) that the men 
of these societies did not "confront” 
nature. For them, "being already in na¬ 
ture, man cannot exactly confront it.” 
Rather, Redfield suggests, the relation 
is one of mutuality, existing under a 
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moral order that binds man, nature, and 
the gods in one. 

The modern Western world has un¬ 
dergone a major transformation from 
this orientation. Man has been concep¬ 
tually separated from nature, and God 
from both. Speaking of the develop¬ 
ment of Western thought since classical 
times, Redfield (pp. 109-10) states: 

The subse(|uent development of a world 
view in which God and man are both sep¬ 
arated from nature, and in which the ex¬ 
ploitation of material nature comes to be 
a prime attitude, may be attributable to 
our Western world almost entirely and so 
might be regarded, as Sol Tax has sug¬ 
gested (Tax, 1944), as a particular ‘*cul- 
tural invention.” By the seventeenth cen¬ 
tury in European philosophy God was out¬ 
side the system as its mere clockmaker. 
To the early American, nature was God’s 
provision for man’s exploitation. . . . The 
contemporary Western world, now imi¬ 
tated by the Orient, tends to regard the 
relation of man to nature as a relation of 
man to physical matter in which applica¬ 
tion of physical science to man’s material 
comfort is man’s paramount assignment on 
earth. 

These observations may appear over¬ 
drawn to some, but they illustrate what 
I believe is a fundamental contrast in 
the thinking of the Western world, as 
contrasted to preliterate and ancient 
peoples. It is a contrast that in itself is 
a least a partial answer to our second 
question posed earlier—namely, how 
has this contrasting attitude affected 
what men feel they should do about 
developing their habitats for human 
use? Certainly the tenor of contempo¬ 
rary American thought holds that hab¬ 
itat is something apart from man and is 
to be manipulated to his advantage. In 
the world of today, with the ever grow¬ 
ing millions of human beings to clothe, 
feed, and house, this attitude has a very 
immediate and practical import. 

On the other hand, despite the long 
history of the growth of technology, 
throughout which some men as far back 


as the earliest periods of human hi, ; oi \’ 
must have been concerned with 
proving tools to develop resources f* i 
human use, preliterate societies lack tir 
pervading instrumental attitude toward 
nature generally characteristic of our¬ 
selves. The difference probably accounts 
for the significance of magic associated 
with technology, which Malinowski 
long ago reported for the Trobriand Is¬ 
lands. Among these people, although 
their full technological skill is called 
upon in an enterprise, such as garden¬ 
ing, fishing, or voyaging, recourse to 
magic is had to fill the inevitable gap 
between the application of human ^11 
and the certainty of success. 

The contrasting attitudes of Western 
and preliterate thought lead to another 
question. For several decades anthro¬ 
pologists have been attempting to ob¬ 
serve the changes that take place in 
small scale, for tlie most preliterate, so¬ 
cieties, when they come in contact with 
Western industrial civilization. In so 
far as the interpretation of natural re¬ 
sources is concerned, is not the contrast 
just discussed at the root of the change 
that takes place? I suspect it is. To re¬ 
view all the evidence is beyond the 
scope of this paper, but I quote an an¬ 
thropological colleague, John Gillin, 
comparing the Indian and the Ladino 
cultures (crystallized out of contact 
with Spain) of Guatemala: 

The principal and fundamental goal of 
Indian cultures is to effect a peaceful ad¬ 
justment or adaptation to the universe. In 
contrast, the main goal of Ladino culture 
is to effect control of the universe by man. 
The Indian wishes to come to terms with 
the universe, the Ladino wishes to domi¬ 
nate it. . . . The Indian attitude is not one 
of abject submission to natural and super¬ 
natural forces. The basic assumptions in 
Indian cultures, however, do hold that 
man is in a world which operates accord¬ 
ing to certain laws or rules ultimately con¬ 
trolled by that part of the universe which 
we would call the supernatural or unseen, 
that this general plan of things is ongoing 
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or immutable, that man must learn certain 
patterns of action and attitude to bring 
hiinseli into conformity with this scheme 
of things, and that if "he does so he will 
receive the minimum amount of punish¬ 
ment or misfortune and the maximum re¬ 
wards of which such a scheme is capable. 

. . . d'he Ladino, on the other hand, as¬ 
sumes that tlie universe, including its 
supernatural department, can be manipu¬ 
lated by man . . . [Gillin, 1952, p. 196], 

The gradual adoption of this attitude 
could, 1 believe, be documented from 
other societies in contact with the West. 
It seems to have been, for instance, a 
concomitant of the extension of the 
copra industry to various islands of the 
Pacific during the nineteenth and twen¬ 
tieth centuries. The development of the 
copra industry in the Marshall Islands 
was almost certainly accompanied by a 
marked change in attitude toward land, 
whereby it came to be regarded as a 
resource to be controlled and manipu¬ 
lated by man to his best advantage, in 
a fashion comparable to the Ladino 
point of view described by Gillin. To 
what degree the extension of this atti¬ 
tude follows the penetration of a money 
economy into societies such as the Mar¬ 
shallese, together with the growth of 
trade and a widening in the range of 
wants, is not clear. 

If these contrasting attitudes toward 
nature, and in consequence toward nat¬ 
ural resources, have been correctly de¬ 
scribed in these paragraphs, I should 
like to turn to some ramifications in re- 
gai el to the interpretation of nature by 
our own society. 

To the degree that the Western world 
is composed of almost completely ur¬ 
banized individuals, it not merely re¬ 
gards habitat, and consequently natural 
resources, as an entity that is to be dom¬ 
inated and manipulated by man but 
tends to relegate the whole matter to a 
handful of specialists and, in effect, to 
place nature outside its immediate 
sphere of concern. Urban man has be¬ 


come so fs-T removed from his biological 
moorings and so immersed in the im¬ 
mediate problems of urban living that 
he stands as an “egocentric man in a 
homocentric world.” Despite the mil¬ 
lions of Americans who annually visit 
our national parks each year, it is to be 
doubted that much change is thereby 
effected in the basic urban attitude. 
The aesthetic principles underlying 
American conservation movements can 
perhaps best be viewed as a minority 
reaction to the prevailing urban point 
of view. Conservation, in the sense of 
the attempt by the Save-the-Redwoods 
League to preserve stands of California 
giant sequoias from extinction, is an ef¬ 
fort to protect modern man from him¬ 
self. Such efforts are not, to my knowl¬ 
edge, found among preliterate peoples 
living in small communities in close and 
personal relation to nature. Among most 
of them, though it is largely unrecorded 
in the reports of ethnologists, I suspect 
that the aesthetic appreciation of na¬ 
ture is a common feature of daily life. 
Yet I should add that most of my own 
field experience has been in the con¬ 
genial islands of the Pacific. 

If the prevailing mode of thought 
tends to regard nature as a physical en¬ 
tity apart from man, with the corollary 
that man's duty is to develop and dom¬ 
inate to the best of his ability the re¬ 
sources of his habitat, there are never¬ 
theless certain countercurrents in con¬ 
temporary scientific thought that can¬ 
not be ignored. These countercurrents 
are well exemplified by Darwin and 
Faraday. 

Darwin opened our eyes to the func¬ 
tioning of organic nature, and his mode 
of thought led to discovery of new 
facts and relationships in the living 
world. Darwin dealt with man's place 
in nature and with man as a part of a 
huge, dynamic biocoenose, of which 
man was only a small part, actually not 
very different from the other parts, and 
subject to the same processes and regu- 
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larities. In his point of view as to man s 
intt-gration with the natural world, 
Darwin might be considered as close 
to the way in which proliterate peoples 
regard nature, except for the funda¬ 
mental difference that the former de¬ 
veloped his point of view on the basis 
of observed reality; the latter, on re¬ 
course to the sanction of man-created 
legend and myth. Darwin left to his 
successors the concept of man as a 
part of nature, whatever qualities man 
may possess that distinguish him from 
other forms of life. 

Faraday, on the other hand, intro¬ 
duced us to inanimate forces which 
could be made to serve man’s needs 
and wants. He stimulated the invention 
of new devices and the formation of a 
groat new U'chnology based on the use 
of natural forces. lie also stimulated 


the creation of a homocentric world, 
a inocK'rn, mechanized, exploiting world 
of im-Ti whose contemplating largely 
centers about themselves and who at¬ 
tempt to plan, arrange, and administer 
in their own naint^. Whert'as the herit- 
acH' of Darwin has provided the fasci¬ 
nation of biological revelation, that of 
Faraday has brought the excitement 
atte nding the accomplishment and ap¬ 
plication of the physical sciences. 

In a modern world where men are 
dedicat(*d to exploiting to the utmost 
the natural resources of this planet— 
a dedication that is stimulated by the 
vx'ry numbers of men on earth—the 
point of view exemplified by Faraday 
is necessarily uppermost. It could hard¬ 
ly be otherwise. Yet one cannot for¬ 
get the bearded figure of Darwin 
watching quietly from the shadows. 
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The . inlixiuily and World Expansion 
of Human Culture 

PIERRE TEIJJIARD DE CIFARDIN" 


I'l.ANK'rARY NATURE OF MAN: A PRES¬ 
EN r All ON OF THE NOOSPHERE 

How and how much does man, by 
his presence and his activities, tians- 
form the face of the earth? As a com¬ 
mon background to the various techni¬ 
cal answers, dealing with soil conserva¬ 
tion, water distribution, city building, 
(itc., we should like to mention and to 
(‘inphasize a still deeper and more gen¬ 
eral change which our zoological group 
has brought to th(^ terrestrial world. 
This change would betray and charac¬ 
terize the presence of man on earth to 
an observer on Sirius, namely, the pro¬ 
gressive expansion of a special layer of 
thinking and cultured substance all 
around the globe. 

More than a half-century ago the 
great geologist Suess took a bold and 
lucky step when, in addition to de¬ 
scribing our planet by the classical se¬ 
quence of concentrical, spherical shells 
(barysphere, lithosphere, atmosphere, 
etc.), he decided to add the biosphere, 
in order to affirm, in a concise and vivid 

* Dr. Teilhard de Chardin’s paper appears 
posthumously. Father Teilhard was Research 
Associate of the Wenner-C^ren Foundation for 
Anthropological Research at the time of his 
death on April 10, 1955. During his lifetime 
he was an adviser to the National Geological 
Survey of China and a member of the French 
Academy of Sciences. He was primarily a 
geologist and vertebrate paleontologist whose 
interests ultimately led him to the problems 
concerning the origins of man both in South¬ 
east Asia and in Africa south of the Sahara. 


way, that the frail but superactive film 
of highly complex, self-reproducing 
matter spread around the world was of 
decided geological significance and 
value. Since Suess’s times, the notion of 
a special planetary envelope of organic 
matter distinct from the inorganic litho¬ 
sphere has been accepted as a normal 
basis for the fast-growing structures of 
geobiology (a new branch of science). 
But, then, why not take one step more 
and recognize the fact that, if the ap¬ 
pearance of the earth has undergone a 
major alteration by turning chlorophyll- 
green or life-warm since the Paleozoic 
period, an even more revolutionary 
transformation took place at the end of 
Tertiary time, when our planet de¬ 
veloped the psychically reflexive human 
surface, for which, together with Pro¬ 
fessor Edouard Le Roy and Professor 
Vernadsky, we suggested in the 1920*s 
the name “noosphere”?^ 

Ultimately, neither earth nor man 
can be fully understood except with re¬ 
gard to the marvelous sheet of human¬ 
ized and socialized matter, which, de¬ 
spite its incredibly small mass and its 
incredible thinness, has to be regarded 
positively as the most sharply individ¬ 
ualized and the most specifically dis¬ 
tinct of all the planetary units so far 
recognized. 

As a natural introduction to the 
problem, devoted precisely to the study 

1. From the Crock noos, "mind," and 
sphaera, "sphere." 
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of the relations existing between earth 
and man in the course of their respec¬ 
tive developments, let us therefore sum¬ 
marize the essence of what can be scien¬ 
tifically stated today concerning (1) 
the historical establishment of the 
nobsphere; (2) the cultiira] structure; 
and, finally, (3) the present comport¬ 
ment, as well as the possible future, of 
mankind considered as a biological 
whole on a planetary scale. 

HISTORICAL DEVELOPMENT OF 
THE NObSPHERE 

Scarcely more than a century has 
elapsed since living man, realizing that 
he, too, was a product of biological 
evolution, began to hunt not only for 
animal fossils but also and predominant¬ 
ly for ‘fossil man.” In spite of intensive 
research, we are still far from having 


gained a complete vision of the history 
of onr zoological grouji. Yet, as we con¬ 
sider its main features (Fig. 50), the 
reconstruction of our past is by now 
sufficiently advanced to have taken 
what may be regarded as its final gen¬ 
eral shape. The main lines of the pic¬ 
ture gradually have come to light 
through the joint efforts of prc*history 
and paleoanthropology. 

Most surely, for stringent geological 
and paleontological reasons, the mys- 
tt'rious phenomenon of initial “homini- 
zation” (that is, the mutational emer¬ 
gence in nature of a reflexive, or “self- 
conscious,” type of consciousness) must 
have taken place, by the end of the 
Pliocene?, within the tropical or sub¬ 
tropical areas of the Old World in 
w'hich thc're happened to be concen¬ 
trated, at the closing of the Tertiary, 
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PH = Pre-Hominians (Aiistralopithecines, Meganthropus, etc.), 
branching, diverging 

PS “ Pre;- and piira-sapicns typt^s of Hominians (Noander- 
thaloids, Pitliccanthropians, etc,), branching, slightly 
converging 

S = Homo sapiens, not branching; first expanding, then fast 
con emerging 

c,c,c zzz Various cultural units 

1 zrr First emergence of cu-Hoininians (critical point, or 

thrt'shold of rcllexion ) 

2 = Emergence of Homo sapiens, and beginning of the for¬ 

mation of the nodspherc3 (through co-r<dlexion ) 

3, 3 ~ Division at present, between cxpansional and compres- 
sional phasc^s in the development of the nodsphere 

4{?) — Upper limit, and critical point of co rc;flexion (con¬ 
jectured ) 

Cj = African center of hominization 

(’m — Indo-Malaysian centt^r of hominization ( Pl/i. =::= Pi the- 
canthropians ) 

AB — Ideal axis of hominization 

Approximate time elapsed between i and 2, more than half 
a million years; between 2 and 3 (Upper Paleolithic, Neolithic, 
historical times), about fifty thousand years 


Fig. 50.—a symbolic expression of the successive phases of hominization 
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the most advanci^d representatives of 
the higher, tail-less chimpanzee- or 
gorilla-like primates presently included 
by the zoologists in the Pongidae fam- 
ily. 

Wliat were the number, the physical 
appearance, and the comportment of 
these first true Ilominians? That, we 
perhaps shall never know. Owing to the 
fact that the first stages of any organ- 
i7.(‘d system are constitutionally of a 
fragile structure, the traces of any “be¬ 
ginning” are selectivc'ly ('rased by th(’ 
passage of time. There is still, and 
probably there will almost always re¬ 
main, a blank in our vision of the past 
at the place} occupied by the origins of 
man, though no more' or less, in fact, 
than in the case of the birth of any 
other animal species or of anv human 
civilization. 

1 he presence of recognizable para- 
or prc}-Hominians, anatomically com¬ 
parable with the Pleistoc(}ne Australo- 
pithecines of Africa recently has been 
detect’d as early as the Upper Miocene 
of Italy {Orcopithccus harnholi). But 
no “eu-Hominians” were likc'ly to have 
wandered on the surface of the earth 
before the Basal Pleistocene (Villa- 
franchian), that is, earlier than approx¬ 
imately a million years ago. 

In so far as we can guess, the initial 
hominization must have developed 
along an extensive west-east South 
Himalayan belt, ranging from equato¬ 
rial Africa to Malay.sia. But at a very 
early stage in the process it seems that 
this elongated “mutational front” was 
ruptured in the middle; the result of 
this segmemtation was the individuali¬ 
zation of two distinct cemters of homi¬ 
nization: Center 1, located in Central 
Africa (Ci, Fig. 50, p. 104), and Center 
2 (C 2 , Fig. 50, p. 104), located some¬ 
where in Indo-Malaysia. 

Zoologically speaking. Center 1 and 
Center 2 were remarkably symmetrical 
in their structures. Each of them shows 
a core of eu-Hominian type, surrounded 


by a cluster of para-Hominian forms 
(Australopithecines of Africa [?], 
Mc^anthropus of Java, etc.). 

But in so far as their evolutive power 
IS concerned, they were in fact of quite 
different values. Whereas the pithecan- 
thropiaiis ( Pithecanthropus, Sinanthro¬ 
pus, Homo soloensis) of the Far East 
never exceeded the dimensions of a 
marginal branch of humanity, or ever 
ro.se above a low anatomical stage com¬ 
parable with that of Neanderthal man 
of Middle Pleistocene of Europe, evi¬ 
dence is growing that in the heart of 
Africa, and nowhere else, there origi¬ 
nated what has become the bulk, if not 
the totality, of modern mankind. 

To be sure, bony remains of ancient 
man still are very scarce in Africa south 
of the modern Sahara, and so far they 
consist mostly of the pithecanthropian- 
like (and relatively late) skulls of Rho¬ 
desia and Saldanha. But hidden behind 
this outer envelope of “neanderthaloid” 
or “para-^apten^” appearance, the pres¬ 
ence in Africa of an exceptionally pro- 
gre.ssive subphylum of proto-sapiens 
type (perhaps actually represented by 
the modern-looking, yet heavily fossil¬ 
ized, Kanarn jaw from Kenya) becomes 
more and more probable. Without this 
assumption, it would be extremely dif¬ 
ficult either to explain the unique de¬ 
velopment in the Lower Pleistocene of 
Africa of a hand-ax culture which is the 
oldest and the richest of the world or 
to understand the sudden outburst of 
“modern man” throughout Eurasia (ap¬ 
parently from south to north) at the 
dawn of Upper Paleolithic time. 

For the greater part of the Pleisto¬ 
cene (that is, during the whole Pre- 
lithic[?] and early Paleolithic times), 
facts force us to admit that man has re¬ 
mained strangely limited, geographi¬ 
cally, within the original boundaries of 
his zoological birth. Except for some 
marked peripheral advance of the hand- 
ax industry in southwestern Europe and 
Southeast Asia (as far as Indonesia[?]), 
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the territory occupied by our ancestors 
some fifty thousand years ago was still 
substantially the same tropical and sub¬ 
tropical ^*Pongids belt ’ on which the 
first hominization occurred hundreds of 
thousands of years before at the end of 
the Pliocene. It is as though, during an 
enormous span of time, man, still imma¬ 
ture, was kept busy by some organic 
adjustment at the innermost part of 
himself. 

But subsequently, by the end of the 
Middle Pleistocene, a general move¬ 
ment of populations resulted in a funda¬ 
mental redistribution of man on the 
surface of the earth. At that time a 
definitely modernized type of man, ra¬ 
diating apparently from a Mediterra¬ 
nean base, succeeded for the first time in 
invading those expanded northern parts 
of the continents where the Old and 
the New Worlds come into close con¬ 
tact, or even weld, along a boreal belt. 
To some extent, Africa, despite its size. 
Lad been for millenniums a closed con¬ 
tainer for man or even a blind corner. 
Once having reached the vast free 
spaces, first, of northern Eurasia and, 
somewhat later, of North America, man, 
endowed at last both anatomically and 
culturally with his full expansive force, 
seems to have progressed quickly, like 
an irresistible tide, over the newly open 
land: only a few thousands of years 
later he had already reached Pata- 
gonial 

This was a true "second hominiza- 
tion,” indeed: the rise out of Africa and 
the world-wide spreading of Homo 
sapiens, the “universal man." 

As a result of this Upper Paleolithic 
expansion. Mesolithic man was no 
longer merely a tropical and subtropical 
animal. At last he had become what we 
are now: a pan-terrestrial form of ad¬ 
vanced life. But his hold on the earth 
at this early stage was still most pre¬ 
carious and very loose. And it was to re¬ 
quire the continuous and intensive ef¬ 


fort of many more millenniums of agri¬ 
cultural and proto-industrial cultures to 
fill the gaps and to establish a first .satis¬ 
factory net of connections betwet'n 
men and men all o\’er the world. 

Several hundred thousand years had 
been spent on the mere preparation, 
mainly in Africa, of a human planetary 
invasion. Some thirty thousand years 
more had been required for the actual 
occupation of the extra-African lands. 
Approximately ten thousand years 
(that is, the whole combined Neolithic 
and historical times) were necessary 
before a preliminary co?isolidation of 
the human envelope had been realized 
all around the earth. 

But today, after so many cons of 
hominization, the great accompli.shTnent 
pursued by life since its first emergence 
on earth t\vo or three billion years ago 
is over; namely, the achievement of an 
unbroken, co-conscious organism, coex¬ 
tensive with the entire area of the 
globe. Definitely cemented on itself in 
the course of the last century by the 
powerful forces of industry and science, 
the newborn noosphere is now spread 
right before our eyes and is caught al¬ 
ready in the first grip of an irresistible 
totalization. 

Before trying to investigate this final 
phase of the development of the noo¬ 
sphere, let us first analyze the secret of 
its internal structure in order to dis¬ 
cover the deep reasons why man repre¬ 
sents so obviously (j'udging merely from 
his biological success) a revolution in 
the very process of natural evolution. 

CULTLTRAL NATURE OF THE NOOSPHERE 

By human culture, I refer to the mani¬ 
fold process according to which any hu¬ 
man population, whenever left to itself, 
immediately starts spontaneously to ar¬ 
range itself at a social level into an 
organized system of ends and means, 
in which two basic components are al¬ 
ways present: First, a material compo- 
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I lent, or “increase in complexity,” which 
includes both the various types of im 
plements and techniques necessary to 
the gathering or the production of all 
kinds of food or supplies and the various 
rules or laws which provide the best 
conditions for an optimum birth rate or 
for a satisfactory circulation of goods 
and resources within the limits of the 
population under consideration. Second, 
a spiritual component, or “increase in 
consciousness,” namely, some particular 
outlook on the world and life (an ap¬ 
proach which is at once philosophical, 
ethical, aesthetic, and religious), the 
function of which is to impart a mean¬ 
ing, a direction, and an incentive or 
stimulus to the material activities and 
development of the community. 

For the many fragments of mankind 
that have become isolated or have 
gained their indepcmdence in the course 
of time, just so many tentative technico- 
inental systems of the world as a whole 
—that is, just so many cultures—\rave. 
gradually come into existence. This is 
one of the major lessons taught by the 
universal history of man, from the ear¬ 
liest known stages until the present 
time. 

Understood thus as a collective an¬ 
swer to the general biological problem 
of survival and growth, the typically 
human phenomenon of culture is of 
course foreshadowed, to some extent, 
at the prehuman levels of life. In the 
case of animals, too, the struggle for 
life leads each different species forcibly 
toward the discovery of some construc¬ 
tive adjustment between germinal 
forces of reproduction and multiplica¬ 
tion, on the one hand, and quasi-social 
forces of collective arrangement, on the 
other. 

But whereas, in the case of non-re¬ 
flexive life, social and germinal persist¬ 
ently have been unable to combine into 
a definite and unlimited creative proc¬ 
ess,^ in the case of man, on the contrary 


(and clearly in some sort of < c 
with the newly acquired human p ; 
oi “thinking”), both social and germ; 
Jial liavc given rise, by their conjunc¬ 
tion, to a decidedly superior type of 
evolution—a “new evolution” in fact^— 
special to the noosphere and character¬ 
ized at the same time by a new and 
more efficient form of invention, by a 
new and more efficient form of heredity, 
and by a new and more efficient form 
of speciation. 

A New anrl More Efficient 

Form of Invention 

Since its earliest beginnings, life has 
never stopped “inventing” and perfect¬ 
ing new organic contraptions along the 
most amazing variety of lines. But for 
a very long time this continuous ad¬ 
vance seems to have been achieved 
much more through a patient expecta¬ 
tion and utilization than by a positive 
pursuit and control of chances. Before 
man, the evolution of animal life was 
unquestionably directional and prefer¬ 
ential. But in its mechanism it did not 
show riTiy real purpose. Since the ap¬ 
pearance of man, however, the living 
individual being becomes able to plan. 
And this power of planning, when fo¬ 
cused on research and when brought 
socially to the dimensions of a con¬ 
certed effort for discovery, opens a new 
era in the development of terrestrial life. 
Without escaping the general conditions 
and “servitudes” of every organic sub¬ 
stance in the universe, man has intro¬ 
duced, and is gradually expanding at 
the very core of nature through his col¬ 
lective power of reflexive invention, a 
new method for arranging matter: no 
longer the old random arrangement but 

2. Either tlie social is lagging behind in 
the animal world, or, as it happens for the 
insects, society chokes the development of the 
individual. 

3. Tills expression is from George Gaylord 
Simpson’s The Meaning of Evolution, 1951. 
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an active arrangement through self-evo¬ 
lution. 

A New and More Efficient 

Form of Heredity 

Germinal heredity, so deeply inv'csti- 
gated by our modern geneticists, proved 
to be a marvelous instrument of prog¬ 
ress during the earlier, prehuman 
stages of the development of life. But 
owing to the very nature of its chromo- 
somic mt^chanisin, germinal heredity is 
affected, in fact, with a triple basic 
weakness which makes it unable to in¬ 
sure, if left to itself, any further advance 
of evolution in the case of such a com¬ 
plicated and fast-changing type of or¬ 
ganism as man, especially collective 
man. First, the characters transmitted 
by genes are by their very nature re¬ 
stricted to a category of rather ele¬ 
mentary features; namely, those which 
control the material arrangement of the 
cells in the course of embryogenesis. 
Second, the number of these elementary 
characters is drastically limited in the 
germ by the exiguous size of the chro¬ 
mosomes. Third (if we except the pos¬ 
sible case of some social instincts among 
the insects), there is no observable 
chromosomic transmission to the species 
of the characters eventually acquired 
by the industrious activity of each in¬ 
dividual in the course of its life. 

Now, remarkably enough, it is pre¬ 
cisely on these three different grounds 
that a decided improvement becomes 
manifest in the cultured zones of life, 
in so far as the registration and the 
transmission of human experience are 
concerned. Thanks to language, to in- 
fonnahon, and to education, an un¬ 
limited number of unlimitedly complex 
ideas or techniques accumulate continu¬ 
ously, and organize themselves perma¬ 
nently, in the unlimited capacity of col¬ 
lective human memory. 

Thus, duplicating the history of the 
old chromosomic heredity, an incom¬ 
parably more sensitive and receptive 


educational heredity is now at work in 
the nodsphere. This is precisely the 
more-needed power to collect the over¬ 
abundant products and to f€?ed the con¬ 
stantly accelerated progress of a self- 
i volving process. 

A New and More Efficient 
Form of Speciation 
Considered over a sufficiently pro¬ 
tracted span of time, every animal pop¬ 
ulation shows a tendency to split, under 
a statistical effect of genetic mutations, 
into branching systems of varieties, sub- 
specif's, and, ultimately, true, new, spe¬ 
cific forms. In the case of man, things 
j)roeeed in much the same way, except 
that, as a consequence of the specifically 
human association between germinal 
and social, the splitting and branching 
operation results in the formation of 
new, mainly cultural, instead of new, 
mainly anatomical, types. 

Fundamentally, according to my 
point of view, culturation is nothing 
but a “hominized*' form of speciation. 
Or to express the same thing different¬ 
ly: cultural units are for the noosphere 
the mere equivalent and the true suc¬ 
cessors of zoological species in the bio¬ 
sphere. True successors, we insist. And 
how much better fitted than their prede¬ 
cessors to satisfy the new requisites of 
an advanced type of evolution! 

Let us briefly dwell on this important 
point. Considered as an instrument for 
evolution, zoological speciation, in addi¬ 
tion to being very much slowed down 
by* the non-inheritance of acquired 
cliaracters, is seriously handicapped by 
the fast-increasing estrangement ob¬ 
servable between the products of its 
operation. In the very process of be¬ 
coming itself, each newly formed 
zocilogical type becomes more and more 
separated and isolated from the other 
surrounding species in the process of its 
inner development. Growing aloneness, 
mutual impermeability, and consequent 
basic incapacity for any sort of inter- 
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specific synthesis were the common fate 
of animal phyla under the “old” regime 
of evolution. 

In contrast, with the rise of self¬ 
evolution, not only does the speed of 
transformation increase rapidly, be¬ 
cause of the cumulative transmission of 
planned inventions, but, and more im¬ 
portant, a remarkable capacity emerges 
among the socialized offsprings of the 
new evolution for keeping in close in¬ 
ner touch with one another—and even 
for fusing with one another—in the 
course of their development. On the 
one hand, the various human cultural 
units spread all over the world at a 
given lime never cease (even during 
the most acute phases of their differen¬ 
tiation) to react mutually on one an¬ 
other at the depth of their individual 
growth. Whatever may be the degree 
of their mutual divergence, they still 
form, when taken together, an unbroken 
sheet of organized consciousness. And, 
moreover, on the other hand, they prove 
able (provided they happen to be suf¬ 
ficiently active and sufficiently com¬ 
pressed on one another) to penetrate, 
to metamorphose, and to absorb one 
another into something fundamentally 
new. This is the well-known process of 
acculturation—a process possibly bound 
to culminate some day in a complete 
“mono-culturation” of tbe human world, 
but a process, in any case, without 
which no formation of any continuous 
human shell would ever have been 
physically possible on the surface of the 
earth. 

From the preceding analysis of the 
cultural nature of human expansion one 
might conclude errone^ously that the so- 
called “noosphere” is nothing more 
than an uninteresting kind of pseudo- 
or para-organism, since, according to a 
widespread opinion, it would be dan¬ 
gerously confusing to identify what is 
really natural and what is simply cul¬ 
tural (that is, “artificial”) in the world. 
Here, we confess to touch upon a point 


still hotly debated even among anthro¬ 
pologists; namely, to decide whether 
the word “biological*’ can or cannot be 
applied correctly (in a non-allegoric 
way) to the workings and to the prod¬ 
ucts of human culture. And yet, in our 
opinion, a decisive and final positive 
answer to the problem is already forced 
upon our mind by the three following 
joint considerations: 

1. Whatever may be the ultimate 
physical nature of psychological aware¬ 
ness, increasing consciousness—trace¬ 
able by increasing cerebration—is over¬ 
whelmingly proved by general paleon¬ 
tology and comparative zoology to be 
a safe and absolute parameter (or in¬ 
dex ) of biological evolution. 

2. Aside from any undue anthropo¬ 
centrism, but from the inescapable evi¬ 
dence derived from the revolutionary 
('ffects of hominization, reflexive aware¬ 
ness must be held, not as a mere vari¬ 
ety, but as a superstate of conscious¬ 
ness. 

3. Judging from the very mechanism 
of its operation, which is ultimately re¬ 
ducible to a process of co-cerebration 
and co-reflexion, culturation cannot be 
regarded as anything less than a direct 
prolongation of hominization. 

Obviously, if they are linked with one 
another in their natural order, these 
three successive steps scientifically de¬ 
tected in the terrestrial development of 
life—(1) direct (or simple) conscious¬ 
ness; (2) reflexion (consciousness 
raised to its second power; for man, to 
know that he knows); and (3) culture 
(co-reflexion)—have one, and only one, 
possible meaning. They show in an un¬ 
mistakable way by their mere natural 
sequence that man, through culturation, 
is not drifting away along some side 
path and toward some blind corner of 
the universe but that he is still moving 
directly along the major axis of cosmic 
development. From all that we know 
most certainly from the entire history 
of the past, culturation, because it bio- 
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logically expresses a collective advance 
in reflexion, decidedly is not an in¬ 
ferior or reduced form of e\ oIiition but 
rather represents a supert)'pe. This evi¬ 
dence, far from being of merely specu¬ 
lative interest, turns out to be of the 
utmost importance, both for our power 
of vision and for our power of action. 

It is of importance for our power of 
action, of course, because it is tremen¬ 
dously necessary to the security of 
man and to his sense of values to be 
sure at last, in his eflort to become more 
human (“ultra-human”), that he is re¬ 
sponsible for, and supported by, the 
main and most central forces of a grow¬ 
ing universe. It is important for our 
power of vision too, because, if the full 
impact of evolution is actually concen¬ 
trating at present on the’ achievement 
of the nodsphere, then we can under¬ 
stand better the terrific energies at work 
and the incredible potentialities still 
awaiting us in the process and in the 
progress of human acculturation. 

PRESENT STA'ITJS AND POSSIBLE 
futttre of the NOOSPHERE 

A common attitude today, one re¬ 
peatedly expressed in the statements of 
highly intellectual and religious people, 
is that man and mankind are regarded 
as being a practically stabilized product 
of evolution and even as a disintegrat¬ 
ing and decaying one. Under the influ¬ 
ence of science and techniques, man is 
supposedly not improving but even re¬ 
gressing biologically. Hence "progress” 
is a myth and an illusion. In many quar¬ 
ters this is the new and fashionable 
way of thinking “realistically.” 

For anyone who is aware of the basic 
evolutive significance of any increase of 
consciousness through complexity inside 
the nocisphere, such a p>essimistic view 
of the presomt status of the world is so 
incredibly wrong scientifically, and at 
the same time so dangerously depress- 

psychologically, that we believe 
that the time has come to react against 


it openly and vigorously. And this can 
best be done, it seems to us, by pre.sent- 
ing a more objective and more comfort¬ 
ing interpretation of the major crisis 
whicii we have been going through 
since the beginning of the twentieth 
ccTitury. 

Something very deep and very wide 
is certainly taking place, these days, at 
the core of the humanized zones of the 
planet. But what? To this question the 
only satisfactory answer, in our opin¬ 
ion, is as follows. 

Up to a very recent date the phe¬ 
nomenon of “hominization,” because it 
was continuing (for perhaps about a 
million years) to operate on a relative¬ 
ly unpopulated world, was predomi¬ 
nantly a process of cxpansional and di¬ 
verging directions. Just as in any given 
animal species the main rule of life is 
to propagate and to differentiate at a 
maximum, so the chief occupation of 
man during this first period was to in¬ 
vade all the free parts of the earth and, 
at the same time, to attempt every pos¬ 
sible form of cultural arrangement. 

At present, however (that is, for less 
than a century!), owing to the coinci¬ 
dence of a sharp demographic jump 
with an incredible progress in inter¬ 
communication, the development of 
mankind has suddenly become com- 
pressional and converging in its direc¬ 
tion.** The movement has completely 
reversed its phase, with the result that, 
under a tremendous and incoercible 
rapprochement and compression of 
both human bodies and human minds, 
co-arrangement and co-reflexion are 
now rising toward astronomical values 
at the interior of the noosphere. Even if 
humanity is not becoming either better 
or happier in the course of the process, 

4. Very much in the same way as a pulsa¬ 
tion entering a globe through the lower pole 
would first expand, up to the level of the 
equator, and then, in moving farther on to¬ 
ward the xipper pole of the sphere, would 
become more and more compre.ssed (cf. Fig. 
50, p. 104). 
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it is today forced, more than ever, in 
its entirety and under two irresistible 
factors (that is, by the double curva¬ 
ture of our rounded mother-planet and 
of our converging minds) to move to¬ 
ward unheard-of and unimaginable de¬ 
grees of organized eomplc'xity and of 
reflexive consciousness. 

To become ultra-reflexive (that is, 
“ultra-human”) by reaching some stage 
of mono-culturation—or else to resign 
and to die on the way—this, aside from 
any temperamental or philosophical 
considerations, must on purely scientific 
grounds be regarded as the biological 
fate of man. 

For conventional and conservative 
reasons we dislike^ and we try to weak¬ 
en, the growing evidence that, judged 
by tlK‘ best standards of biological evo¬ 
lution, our species is still far from being 
zoologically mature. Instead of closing 
our eyes to the stupendous technico- 
mental acceleration of anthropogenesis 
in our modem times, why not rather 
try to face the situation and to guess 
how far the process is likely to carry 
us and how it is going to end eventu- 
ally? 

V^^henever we speculate on the future 
of civilization, we generally assume 
that, except for the unlikely case of 
some physical, physiological, or psycho¬ 
logical accident of planetary dimen¬ 
sions, man will survive practically un¬ 
changed as long as the earth will sup¬ 
ply him with a sufficiency of food and 
energy. But, in our opinion, we should 
consider another idea that is both more 
interesting and more probable; namely, 
that the whole human adventure, in so 
far as it turns out to represent a fast- 
converging process, is bound to end 
some day, not by exhaustion from ex¬ 
ternal causes, but climactically for fn- 
ternal reasons, just because there is a 
critical upper limit (or threshold) to 
the planetary developmt'nt of co-refl(‘\- 

If we follow this line of thought to 
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the end, we are led to th(^ 
that every “thinking planet’’ in u. 
verse (like a psychical nova) must 
minate sooner or later, through pro 
traded inner maturation, in some im¬ 
plosive concentration of its cultural 
iioosphere. And this specific event 
should possibly coincide with some 
escape of the fully ‘ co-reflected” parts 
of the Weltstojf outside and beyond the 
apparent boundaries of time and space. 
Strangely enough, such a wild hypothe¬ 
sis of a transhuman universe conforms 
perfectly to the general pattern of a 
physical world in which absolutely 
nothing can grow indefinitely without 
meeting ultimately some critical level 
of emergence and transformation. From 
the inflexible point of view of ener¬ 
getics, the process fulfils, we believe, a 
condition sine qua non for the steady 
continuation of human effort during the 
next million years toward an ever 
greater culture and acculturation. 

So far, man has accepted blindly (just 
as the industrial workers of a century 
ago) the pushing-ahead of the terres¬ 
trial development of life, without ask¬ 
ing himself whether it was a paying 
game to play at being Atlas. But this 
phase of instinctive co-operation is de¬ 
cidedly over. The time can be foreseen 
when the human drive for climbing 
always higher toward consciousness 
through complexity will die out, unless 
it is stimulated by growing scientific 
evidence that, through ever intensified 
hominization, we are really moving 
somewhere and forever. 

That some definite Everest should 
really be there ahead of us, behind the 
clouds, an Everest from which there is 
no return to the plain; that through a 
stubborn confluence of our minds and 
hearts we should eventually succeed in 
breaking the barrier of darkness and 
mutual exteriority which still separates 
life as we know it from some higher 
and more stable form of knowledge and 
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unanimity; and to become actually and 
acutely conscious of the imperative 
craving of our deepest ego lor some 
definitely irreversible type of achiev’e- 


the Face of the Earth 

meiit—might well be, we venture to say, 
the next step which man will take (very 
soon, perhaps) in the process of his co- 
1 efh \i\'e self-evolution. 
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Fire as the First Great Force 
Employed by Man' 

OMER C. STEWART* 


EVIDENCE FROM ARCHEOLOGY 
AND ETHNOLOGY 

Use of fire and manufactured imple¬ 
ments of stone are the cultural achieve¬ 
ments recorded in ancient strata of the 
earth as indicators of the beginning of 
humanity. Language, stone tools, and 
control of fire prolDably distinguished 
mankind from other primates by the 
beginning of the Pleistocene, which we 
might place at one million years ago. 
The actual evidence for the use of fire 
by the first humans is as scarce and in¬ 
definite as the evidence of the origin of 
man himself. 

The oldest hearths geologically were 
those discovered about 1920 by J. Reid 
Moir near Ipswich, England (Osborn, 
1927). Some doubt about them has per¬ 
sisted, and may increase, owing to the 
fact that Moir attributed the hearths to 
Piltdown man of recent infamy. On the 
other hand, the rostrocarinates of Moir, 
assigned to the preglacial age of Eng- 
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land, have gained acceptance in spite 
of the abandonment of the notion of 
“Eolilliic age” and “Pliocene man” in 
Continental Europe. The paucity of fire¬ 
places from open sites of early Pleistt^- 
cene age limits the direct evidence of 
the date of man’s first control of fire but 
does not subtract from the value of fire 
as a diagnostic trait for human origins. 

Cave sites offer more certain data on 
the control of fire by man, because there 
is little chance of ash or charcoal from 
lightning fires entering caves. A layer 
of ash in an open site could be attrib¬ 
uted to fires of a non-human agency. It 
might be assumed that lightning has oc¬ 
curred for millions of years and that 
vegetation could have been ignited dur¬ 
ing all the eons that it has existed on 
the earth’s surface. The recognition of 
such a possibility does not establish the 
fact that vegetation has been burned 
during all its history. Geologists have 
identified little wood ash or partly 
burned wood in pre-Pleistocene depos¬ 
its (Plummer, 1912b, p. 7), and its pres¬ 
ence in Pleistocene strata is usually ac¬ 
cepted by geologists and paleontolo¬ 
gists, as well as by archeologists, as evi¬ 
dence of human occupation. Thus, not¬ 
withstanding the admitted possibility 
of forest fires set by lightning in pre¬ 
human times, the failure to find much 
evidence of pre-Pleistocene vegetation 
burning permits us to minimize its role. 
Lightning fires were presumably of im¬ 
portance in the early Pleistocene, how¬ 
ever, since they provide the most rea- 
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sonable source for man s knowledge of 
fire. With fire, as with all aspects of 
Paleolithic and even Neolithic culture, 
however, we are dependent largely 
upon imagination and pure logic to ex¬ 
plain ultimate origins. 

The cause of prehuman fires and the 
source of man’s first knowledge of fire 
may be considered together. Evidence 
with which to substantiate theories of 
such origins is about as plentiful for us 
as it was for Aeschylus when he wrote 
Proinetheus Bound about 470 b.c. (Os¬ 
born, 1927, pp. 16-17). In seeking to 
explain the origin of fire as a tool of 
man, I recognize my kinship with ab¬ 
original mythmakers as well as with the 
scientific optimists of a century ago 
who expected to learn of cultural be¬ 
ginnings from surviving Stone Age peo¬ 
ples. We continue to speculate never¬ 
theless. In 1926 Hough in his mono¬ 
graph Fire as an Agent in Human Cul¬ 
ture stated (p. 5) that “natural ignitions 
may be divided into volcanic, chemical, 
electrical, frictional due to earth move¬ 
ments, and frictional on wood.” 

Of the natural agencies which start 
fires, only volcanoes and lightning are 
frequently observed igniting vegeta¬ 
tion. Molten lava could have served as 
a recurrent source of fire in the vicinity 
of the proper types of active volcanoes. 

If volcanoes were the only source of 
new fire by fire-using people otherwise 
unable to make fire, however, great sec¬ 
tions of the world would have remained 
unoccupied. 

Lightning is at present much more 
nearly universal than volcanoes. Fires 
started by lightning are widespread 
over the earth and occur regularly. Al¬ 
though we can imagine lightning as a 
fundamental factor in man’s initiation 
into the mysteries of fire, its relative 
importance throughout human history 
must be carefully evaluated and will be 
considered at some length later in this 
paper. 

The chemical agent for natural igni¬ 


tion proposed by Hough (ibid.) is 
spontaneous combustion of seams of 
coal and coal dust. Burning seams of 
coal possibly spontaneously ignited in 
prehistoric times are reported for New 
Zealand, the Mackenzie River, and 
Borneo. Other examples of burning coal 
in West Virginia and Russia are of 
questionable natural origin. However, 
the world distribution of exposed seams 
of coal which might have become 
lighted by spontaneous combustion or 
by friction is too limited to have helped 
teach many ancient men the usefulness 
of fire. Spontaneous combustion may 
have occurred in the marshes of Lou¬ 
isiana in prehuman times, according to 
the botanist Roland M. Harper (1943, 
p. 32) and to Viosca (1931). 

Equally difficult to verify is the the¬ 
ory that flames may have resulted from 
dead branches being rubbed together 
by winds. Hough (1926, p. 7) quotes 
this observation made by Francois Ber¬ 
nier in Kashmir in 1663: “Some of the 
trees were scorched and burnt, either 
blasted by the thunderbolt, or, accord¬ 
ing to the traditions of the peasantry, 
set on fire in the heat of summer by 
rubbing against each other when agi¬ 
tated by fierce, burning winds.” Also 
unverified is the belief that sparks from 
contact of boulders falling on rocks may 
have ignited fires (Chipp, 1926, p. 
228). 

Whatever may have been its start, 
fire must have been known to man and 
have been controlled by him before he 
learned to manufacture it. The discov¬ 
ery of a method to ignite vegetable mat- 
t('r looms as one of humanity’s greatest 
acts. Yet, before that momentous event, 
hominids may well have guarded and 
transported fire for hundreds of thou¬ 
sands of years. Australopithecus pro- 
metheus of South Africa now stands up 
to proclaim that a small-brained ape- 
man had the ability to tend fire. Profes- 
.sor Raymond Dart (1948) of the Uni¬ 
versity of the Witwatersrand has de- 
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dared that this peculiar primate, inter¬ 
mediate between apes and man, kept 
fire in his caves. Few anthropologists 
are willing to accept the proposition 
that this small-brained man-ape could 
have controlled fire, and the evidence 
Dart used to justify naming his fossil 
prometheus has been carefully scruti¬ 
nized and generally rejected. However, 
Dart and his few supporters confidently 
expect additional evidence confirming 
use of fire by Australopithecus to be 
discovered soon. 

Although exciting because of its mor¬ 
phology, Australopithecus is not gencr 
ally accepted as the most ancient homi- 
nid fossil geologically. The Australo¬ 
pithecus deposits have been assigned to 
such diverse peritxls as Upper Pliocene 
and Middle Pleistocene. Most geologi¬ 
cal opinion seems to fav^or the more re¬ 
cent date. The geologic dating of Aus¬ 
tralopithecus is as disputed as the ques¬ 
tion of his tool-using and fire-making. 
Nevertheless, Australopithecus may yet 
prove to be the progenitor of mankind 
and force us to admit that half a brain 
was enough to get fires started and to 
pu.sh us forever onto the hominid side¬ 
track. 

Sinanthropus pekinensis is the earliest 
man known to have controlled fire. Ex¬ 
tensive excavations at Choukoutien, 
near Peking, brought to light fifteen in¬ 
dividual skulls and skull fragments 
which indicate a human type much 
nearer to modem man than Australo¬ 
pithecus. In the cave with the hundreds 
of pieces of fossilized bones of human 
type were crudely chipped stone tools 
and large quantities of solidified wood 
ash, charcoal, seeds, animal bones, and 
other material distinct from the rocks 
of the limestone caves. There is no 
doubt that Peking man tended the fire 
in his cave home and must have carried 
it with him when he moved abroad. 

The deposits in the Choukoutien cave 
have been variously assigned to late 
Middle, early Middle, and Lower Pleis¬ 


tocene. Sinanthropus has been placed 
tvom a quarter- to a half-million years 
ago. In any event, man’s use of fire as 
a powerful tool capable of tremendous 
influence on his environment has con¬ 
tinued for at least a quarter-million 
years. 

As important as the fact of the first 
control of fire is for our thesis, we are 
forced to reason by analogy with mod- 
('rn aborigines to get some idea of what 
happened during most of the time of 
human occupation of and influence 
upon the earth. The few bits of archeo¬ 
logical evidence, outside of ashes in 
cave dwellings, of primitive man’s role 
ill changing his geographic environment 
come from Upper Paleolithic and Neo¬ 
lithic times, not more than twenty-five 
thousand years ago, and will be men¬ 
tioned later. The difficult problem we 
face is to reconstruct man’s use of fire 
outside his family hearth during the 
hundreds of thousands of years of his 
development from the protoanthropic 
stage of Sinanthropus and Pithecan¬ 
thropus to his appearance as Homo sa¬ 
piens. During those millenniums this 
new primate moved out from his natu¬ 
ral habitat in the tropical rain forests 
and came to occupy virtually all the 
earth. Use of fire was certainly essential 
for man’s life away from the tropics, 
and it may have played an important 
role wherever he settled. Domestic fires, 
how'ever, are pertinent for considera¬ 
tion only as they may have had wider 
influence. Although our archeological 
evidence of most ancient fires comes 
from the rock shelters and caves occu¬ 
pied by man from the time of Sinan¬ 
thropus, it is reasonable to suppose that 
campfires were made during hunting 
trips away from caves and during mi¬ 
grations. It is fair to assume that man 
has used fire from the time he gained 
control over it, much as it has been used 
by the culturally most primitive abo¬ 
rigines up to the present. 

Since modern aborigines carry hot 



118 Man\s Role in Changing the Pace of fhr Karlh 


coals, punk, and slow matches, so that 
they can make fire to prepare meals 
during the day and at temporary over¬ 
night stops, I assume this practice has 
been customary since man acquired the 
use of fire. Hough (1926, pp. 3—4) re¬ 
corded means of carrying fire from 
areas as scattered as New Guinea, the 
Mississippi Valley, Patagonia, Arizona, 
Australia, and China. It was probably 
universal among native's who had only 
the simple hand fire drill with which to 
manufacture fire. Almost all tribes of 
western North America, listed in the 
Culture Element Distribution survey of 
the University of California (Kroeber, 
1939), reported carrying some sort of 
slow match, so that they could easily 
start a campfire while* aw^ay from home. 

As humans spread out from the trop¬ 
ical z(me, within which they were by 
nature ecpiipped to live without artifi¬ 
cial protection or supplementary heat, 
preservation and transportation of fire 
must have been a major concern for the 
entire group. Before the manufacture 
of fire was discovered, and even when 
the simple fire drill or fire saw was used 
to ignite new fire, there must have been 
much more thought and energy given 
to preserving fire than to extinguishing 
it. Indians of western America reported 
lighting bushes and trees, so that the 
roots would become ignited and yet 
burn very slowly underground for days 
o! weeks, in order that a light could be 
obtained if necessary without using the 
fire drill. 

Would earliest man traveling with 
fire across the countryside carefully ex¬ 
tinguish each campfire? More likely, 
would he not put on a big log and bank 
his fire to preserve it against the chance 
of his return, even though he carried a 
spark in a horn or carried a bark slow 
match? If an accident occurred and the 
portable spark were put out, it would 
be comforting to know that logs or 
roots had been left burning and that a 
return trip might find a glowing spark. 


Reason suggests that the first fire users, 
while migrating or hunting far from 
home base, intentionally left campfires 
burning and whenever possible tried to 
leave them smoldering slowly, so that 
they might burn for days. The analogy 
with modern natives supports this rea- 
.soned conclusion. Europeans, as well as 
Indians from Alaska, California, Kan¬ 
sas, and Virginia, have been reported 
leaving campfires une?xtinguished. In a 
very extensive search of the literature I 
discovered almost no ref erence that na- 
tiv^es anywhere carefully extinguished 
fires. 

This brings me to my first important 
d(*duction about the beginning of fire 
as a factor of significance in modifying 
the surface of the earth. Everywhere 
that man traveled, he made campfires 
and left them to ignite any and all the 
vegetation in the vicinity. Campfires of 
a sparse population might not do much 
igniting in many regions. In flat coun¬ 
try which dried out at certain seasons 
and where strong winds occurred with 
the drought, a few abandoned camp¬ 
fires might influence the vegetation of 
a large area. It is my opinion that native 
peoples have rarely been careful to ex¬ 
tinguish their campfires when made in 
the open country and that primitive 
hunting and gathering peoples from the 
time they acquired fire have allowed 
their fires to ignite the landscape, be¬ 
cause it did not occur to them to pro¬ 
tect the vegetation from fire. 

We may project back to the begin¬ 
ning of human culture other histori¬ 
cally known burning practices which 
would have extensive effect on the land¬ 
scape. In fact, except for the use of fire 
in connection with agriculture and graz¬ 
ing, all the reasons given by modem 
natives for setting vegetation on fire 
may also have motivated our most re¬ 
mote ancestors. Wild animals and plants 
now existing, with few exceptions, are 
those with which man has competed 
and to which he has adjusted during 
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\v'\s v'uUve \\‘\sU>v\. \\\' n\dv assuiiic tli.il 
the interrelationships of life-forms have 
been in general fairly uniform during 
the last million years. Local variations 
of tremendous proportions have in¬ 
deed occurred, like the glacial advances. 
Even the glaciers, however, were rela¬ 
tively restricted, and beyond their lim¬ 
its man lived with the animals and 
plants we know. Hunting and gathering 
folk hundreds of thousands of years ago 
may be presumed to have (leveloped 
many of the techniques for exploiting 
tlu^ natural environments which pe^ople 
at the hunting level of culture still em- 
ploy. 

Not only did ancient man abandon 
his campfires to ignite vegetation but 
he probably deliberately started con¬ 
flagrations which swt^pt over the coun¬ 
try. In ancient times, as in recent ones, 
tliick fon^sts and dense jungles of brush 
offered very little use to the hunter or 
collector. On the contrary, narrow trails 
through tangled and heavy growth 
were dangerous because of the conceal¬ 
ment provided to human, as well as 
animal, enemies. Whenever possible, 
aborigines have set fire to jungles and 
thick woods in order to “open them 
up.” Widely spaced trees and clear 
meadows and plains offer better and 
safer hunting. 

Klamath Indians in forested southern 
Oregon and Porno Indians in the red¬ 
wood country of northern California 
complained to me that modern forestry, 
which allows brush and trees to grow 
rank and uncontrolled, was depriving 
the Indians of much hunting territory. 
The Klamath Indian said: “Now I just 
hear the deer running through the 
brush at places we used to kill many 
deer. When the birrsh got as thick as it 
is now, we would burn it off.” There are 
many other references to intentional 
burning to thin or remove brush and 
trees in order to improve visibility for 
hunting and to facilitate travel. Clear¬ 
ing to get an advantage for hunting 


woulfl fiJso rrdurr thr danger fnnu <m 
mies. 

Aubr^ville, in his exhaustive work 
(1949, p. 323) on the forests and sa¬ 
vannas of French Equatorial Africa, 
also concluded that aborigines would 
have burned for the advantages af¬ 
forded by open woods and plains. Wer¬ 
ner in British Central Africa observed 
(1906, pp. 9-12) that, “where there are 
no trees or bushes, the grass is usually 
tall . . . and has to be burned off at the 
end of every dry season—otherwise it 
would become an impenetrable jungle. ' 
W erner noted that brush fires were set 
purposely “or accidentally by some trav¬ 
ellers’ campfire,” and he added: 

These fires have from the earliest ages 
lormed one of the characteristic features 
of African travel. One of the oldest records 
of exploration [from about' 500 b.c.]— the 
Peri plus of Hanno—describes them, . , by 
day we saw nothing but woods, but by 
night WG saw many fires burning . . . going 
along four days, we saw by night the land 
full of flame and in the midst was a lofty 
fire, greater than the rest and seemed to 
(ouch the stars.” 

Historic aborigines tell us of a num¬ 
ber of other reasons for broadcast burn¬ 
ing which may^ also have motivated pri¬ 
meval man. To rouse or drive game dur¬ 
ing hunting was the reason most fre¬ 
quently recorded over the world. A 
hundred different Indian groups of 
North America as w’^cll as natives of 
South America, Africa, Tasmania, Aus¬ 
tralia, New Guinea, China, and Tur¬ 
kestan set fire to drive game. Birket- 
Smith (1929) believes Europeans have 
used fire for hunting since Solutrean 
times, or during the last fifteen thou¬ 
sand years. Sauer (1944) and Eiseley 
(1954) interpret the evidence of late 
Pleistocene man in America to mean 
that fire drives were used here ten to 
twenty thousand years ago. Lucretius 
(1908, p. 212) in 55 b.c. assumed that 
the practice was very ancient and had, 
possibly, contributed to the discovery 
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of smelting thousands of years before 
his time. It seems reasonable to assume 
that fire as an aid to hunting would 
have been used with greater frequency 
as one extended further and further 
into the past. In the most ancient times 
the weapons, traps, and other hunting 
tools would be less efficient. In other 
words, during the Lower Paleolithic for 
approximately nine hundred thousand 
years, while the hunting tools consisted 
only of sharpened sticks and the stone 
fist ax or cot/p de poing, fire would 
have been a relatively greater aid to 
hunting than in the Neolitliic, when the 
bow and arrow were perfected. Fire 
also would be used in the collection of 
various insects, like crickets, whenever 
they were used as food. 

Burning of grasslands and forests to 
improve pasture for game has been 
widely reported. This practice includes 
burning o£F year-old dry stocks in order 
to make new growth available, burning 
to produce greener and more tender 
grass, burning to remove brush and 
trees, and burning to speed the appear¬ 
ance of new grass in the spring. To im¬ 
prove pasture has been given as the 
reason for setting fire to vegetation by 
hunting peoples from the Atlantic to 
the Pacific in the United States, as well 
as in Argentina, Manchuria, and South 
Africa. 

It has long been realized that even 
the poorest hunting and gathering peo¬ 
ples who appeared to be on the lowest 
level of material culture had a very 
thorough knowledge of the character¬ 
istics of the wild plants in their home¬ 
lands. Aborigines not only knew growth 
patterns and the geographic conditions 
favored by each plant species; they 
were well aware also of various means 
to assist different plants in the struggle 
with otlrer plants. That they understood 
the value of fire as a tool to procure and 
maintain the yield of certain wild plants 
they desired has been much in evi¬ 
dence. This knowledge was displayed, 


as noted above, through deliberate 
burning to improve grazing conditions 
for game. In addition, throughout the 
western United States, Indians from 
about fifty tribes reported intentional 
broadcast burning in order to increase 
the yield of seeds of wild grasses and 
weeds which were collected for food. 
Several forest-dwelling tribes, among 
them the Iroquois and IPowhatan of the 
Atlantic seaboard, the Kwakiutl of Brit¬ 
ish Columbia, and several California 
tribes, as well as the Yahgan of Tierra 
del Fiiego, burned woods and bushes to 
improve the berry harvest. Fire has also 
been widely used to make vegetable 
food more available, as when forest lit- 
t(‘r was ignited to uncover acorns or 
nuts. Furthermore, fire has been used to 
aid growth of tobacco and to produce 
willows for basketry weaving. 

The practical motivations for incen¬ 
diarism listed above would lead to re¬ 
peated and regular application of flame 
to vegetation. The benefits obtained 
during recent years could have been ob¬ 
tained equally well hundreds of thou¬ 
sands of years ago. Although there is no 
way to determine at what period in hu¬ 
man history natives applied the torch 
for which reason, there is, nevertheless, 
no basis for thinking that any one of the 
motives so far listed is of recent origin. 
All of them have probably influenced 
mankind to set fires since the beginning 
of humanity. 

Of less general applicability and of 
more specialized use is the setting of 
vegetation on fire as an act of war. It is 
logical to suppose that small popula¬ 
tions at war would have readily recog¬ 
nized that fire could be a weapon. The 
first men to see the value of flame to 
rouse or drive game would quite cer¬ 
tainly have realized that the same tool 
could be helpful to flush an enemy from 
dry brush or grass. 

Herodotus in 447 b.c. (1936, p. 240) 
provides the earliest apparent docu¬ 
mentation of the scorched-earth method 
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of tk'fonsc on the* Russian grasslands. 
Wlirn tho Scytliians retreated before 
the army of Darius, tht^y left “the whole 
((Hintry bare of forage . . . destroying 
all tbat grew on tbe ground.” Lncretlns 
(1908, p. 212) also mentions fire as an 
irnpleinent of war. AinoTican Indians 
from the prairies of the United States 
the pampas of Argentina, and the grass¬ 
lands of California report using fire as a 
weapon. It was even a practice of the 
Papuans of New Guinea. 

In addition to the references which 
specify the reasons for intentional 
broadcast burning, tlu're are a number 
of sources which state simply that such 
fires occurred in particular areas, lliere 
are records of natives firing the vegeta¬ 
tion for unspecified reasons for nearly 
all the separate states of the United 
States. Similar reports of incendiarism 
for undc'termined reasons have come 
from Mexico, the Antilles, Argentina, 
Brazil, Venezuela, India, China, Cey¬ 
lon, Sumatra, Lapland, Sweden, Russia, 
and Africa. I mu.st believe, with Sauer 
(1952), Hough (1926), Shantz (1947), 
and Kuhnholtz-Lordat (1959), that ab¬ 
origines the world over since time im¬ 
memorial have set vegetation on fire. In 
recognizing that the preagricultural 
populations of the world had good and 
sufficient reasons for clearing lands and 
also had the means to do so, we add 
many thousands of years to the period 
that man has been an important eco¬ 
logical factor on the earth. 

I am aware that some scholars appear 
reluctant to grant that the hunters and 
collectors had any influence on the ge- 
ographic environment. Clark (1952, pp. 
91—92), introducing his chapter on Ne¬ 
olithic farming in Europe, asserted that 
prior to clearing by the early agricul¬ 
turalists Europe was covered by a 
great primeval forest. Clark (ibid., p. 
94) draws his conclusion from the in¬ 
crease in herb pollen and charcoal at 
the Neolithic level of Danish peat bogs 
analyzed by Iversen. The fact that there 


: 

were significant amounts of he; 
coal and herb polkm and ■ 

amounts fluctuated inarkc‘dly : 

Neolithic should have suggest.^! . * 
intentional burning preceded the ^ 
lithic farmers. It is true, of course, that 
damp forests of pre-Neohthic times 
could not be ignited easily. However, 
Stefansson (1913, p. 10) tells of inten¬ 
tional burning of forests by American 
Indians to improve hunting in the sub¬ 
arctic coniferous forest of the lower 
Mackenzie River, and Seifriz (1934, p. 
307) gives an account of Lapps burn¬ 
ing their pine forests, indicating that 
hunters may go to great trouble to burn 
moist forests at those rare and irregular 
periods when the forests would carry 
fire. 

It seems certain that forest-burning 
expanded in Europe during Neolithic 
times, as indicated by the amount of 
th(' charcoal and herb pollen in the Ne¬ 
olithic peat deposits. A sharp rise in 
population was made possible by im¬ 
proved and stabilized food supply re- 
sulti.ig from the introduction of farm¬ 
ing and herding Agriculturalists with 
good axes, whether made of stone or 
steel, and with the milpa or slash-and- 
biirn system of land preparation, would 
surely clear more damp forest than 
w oiild hunters. Notwithstanding the in¬ 
crease of open lands in Europe brought 
about by cultivation, fire as a tool with¬ 
out agriculture should not be mini¬ 
mized. Whether in Europe, Africa, Asia, 
or the Americas, the record is clear that 
burning for hunting preceded as well 
as accompanied the use of fire with ag¬ 
riculture and grazing. It is not always 
clear which is the strongest motivation 
—hunting, agriculture, or herding— 
where there is a mixed economy. The 
importance of the agricultural motive 
is clear and dominant in the moist 
northern forests and the tropical rain 
forests, where cutting of some brush 
and trees and shipping the bark from 
others are necessary to allow the area 
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to become dry enough to burn. Where 
broadcast wild fires are impossible, the 
work of opening a section is justified 
only where a crop can be grown in the 
fertilizing ash. Extreme tropical rain 
forests, however, have been removed 
initially for planting but have been 
maintained in grass by annual burning. 
Tansley and Chipp (1926), Aubreville 
(1949), and Kuhnholtz-Lordat (1939) 
abundantly document this sequence for 
historic peoples and project its occur¬ 
rence into the distant past. Clark (1952, 
p. 95) briefly summarizes the relation¬ 
ship of plants to prehistoric burning in 
Europe and concludes that extensive 
meadows, grasslands, and heaths were 
formed with the aid of fire during the 
Neolithic. Some grasslands hav'e con¬ 
tinued until the present and are only 
now' being returned to forest. The gen¬ 
eralization that all primitive hoe-and- 
dibblc planters the world over used fire 
as a tool in cultivation seems justified. 

Gordon M. Day (1953) carefully 
and thoroughly documented vegetation 
burning by Iroquois and Algonkin Indi¬ 
ans to clear fields for agriculture^ and to 
open forests for hunting in New Eng¬ 
land at the time of European discovery. 
All the aboriginal maize farmers of the 
eastern United States employed similar 
methods. Furthermore, the Maya of 
Yucatan were forced to move their 
towns, according to Hough (1926, p. 
67) and Lundell (1934, p. 265), after 
milpa cultivation had degraded the soil 
and established sod in place of trees. 
The New Zealand grasslands, although 
ancie nt and pre-European, are now at- 
tribiit(‘d to the old Maori custom of 
clearing forests for planting with the 
aid of fire. Repeated burning maintains 
grass on ancient fields (Allen, 1937, p. 
27). The same process was observed in 
1952 on Guadalcanal. Annual fires main¬ 
tained grass on old fields, while new 
fields were acquired by cutting and 
burning forests (Johnson, personal com¬ 


munication). I have received personal 
reports of similar practices leading to 
comparable results in New Guinea, 
Alor, and Sumatra, and I have found in 
the literature references to the same 
customs in South America, Africa, Mad¬ 
agascar, China, Ceylon, and Indo¬ 
china. 

Some antiquity for the slash-and-burn 
agriculture in Korea is implied by its 
being designated by special terms: 
htoajon (Japanese: kaden) for the fire 
field, and hwajorninin (Japanese: ka- 
denmin) for the fire-field farmer. In 
1944 Grajdanzev (p. 95) wrote of Ko¬ 
rea that kaden “consists of the burning 
of grasses and bushes in the forest area 
and planting cereals or potatoes there 
for a few seasons and then moving to 
another place when the fertility of the 
ground has been exhausted.” Over 100,- 
000 acres were said to have been culti¬ 
vated in 1938 by kadenmin, who con¬ 
stituted 2.4 per cent of Korean farmers 
( ibid., p. 109). 

There are numerous examples of the 
passage of land from cultivation into 
pasture and thereafter of the mainte¬ 
nance of the grazing area by fire. Sev¬ 
eral scholars tell of the renewal of the 
heath by burning after the brush grows 
beyond a certain height. Young shoots 
provide better feed for cattle, sheep, 
and goats. 

In 1931 the American geographer El¬ 
len Churchill Semple presented an ex¬ 
cellent summary of the role of fire and 
grazing in the deforestation of the Med¬ 
iterranean. I quote Dr. Semple’s classic 
study at some length (pp. 290-91): 

Denudation of the forests made such 
inroads upon the wood supply of Italy 
that by the fifth century Roman architec¬ 
tural technique had become modified to 
meet the growing scarcity and increased 
price of wood. 

Clearing for tillage land and the legiti¬ 
mate consumption of wood as lumber were 
only part of the process of destruction. 
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The long dry summers and the resinous 
character of Mediterranean rmqui shrubs 
made forest fires frequent and disastrous, 
while the high winds of the hot season 
fanned the flames. Such fires were a com¬ 
monplace event in ancient Palestine. Isaiah 
describes one in a metaphorical passage: 
‘Tt shall devour the briers and thorns, and 
shall kindle in the thickets of the forest, 
and they shall mount up like the lifting up 
of smoke.” Homer knows the effect of pro¬ 
tracted drought and strong summer vdnds 
upon such a conflagration. “Through deep 
glens rageth fierce fire on some parched 
mountain side and the deep forest be¬ 
neath, and the wind, driving it, whirlcth 
everywhere the flame. . . .” 

Fires were often started, either inten¬ 
tionally or accidentally, by the herdsmen 
who ranged the mountain forests with 
their sheep and goats in the dry season. 
Binning improved the pasturage, because 
the ashes temporarily enriched the soil, 
and the abundant shoots from the old 
roots furnished better fodder. The forests 
once destroyed were hard to restore. 

Dr. Semple could have used also quo¬ 
tations from Lucretius (1908, p. 213) 
and Vergil (1947, pp. 14, 51). 

Burning to improve grazing was also 
reported for the steppes of the lower 
Volga during a trip in spring of 1794 
by Pallas (1803, p. 115, with footnote): 
“The nights, however, still continue 
cold, and we saw fire on the steppe, at 
a considerable distance. . . . The steppes 
are frequently fired, either by the neg¬ 
ligence of travellers, or willfully by the 
herdsmen, in order to forward the crops 
of grass.” 

Kuhnholtz-Lordat (1939, pp. 191- 
241) devoted a fifty-page section of his 
book La Terre incendiSe to “Fire and 
Herding.” He discovered that fire was 
used as a tool to help prepare pastures 
in Madagascar, French North Africa 
(by Berbers), South Africa, Rhodesia, 
the Congo, France, Switzerland, the 
Malay Peninsula, the Balkans, and other 
lands of the Mediterranean. 


All the reasons for burning ovti iht 
landscape already enumerated, except 
for farming and herding, could have 
existed generally during all the history 
of man. 1 bave considered also ibe prac¬ 
tices of ancient animal and plant bus- 
bandry, in so far as these used fire as a 
tool, but I wish to emphasize that most 
of the motivations of the primitive 
hunters and gatherers continued to ac¬ 
tivate some of the simple agriculturists 
as well as the modern farmers, mechan¬ 
ics, doctors, and other specialists of all 
kinds who hunt as a sport. 

Dr. Marion Kingston, professor of 
English at the University of Colorado, 
wrote me that “the deer burn still com¬ 
prises a thick chapter in the Maine 
poacher's handbook.” Kuhnholtz-Lordat 
(1939, pp. 245-47) also wrote of the 
importance of the use of fire in hunting 
by those who have agriculture and 
herds. Tliis is true in tropical Africa, 
Indochina, Madagascar, the Baltic, and 
America. 

The most ancient reasons for burning 
persist and are joined to the motives of 
the planter and the herder. With the 
domestication of plants and animals, 
commencing about 8000 b.c., all the 
known motives for using fire as a tool 
were operative. From the eairlier hunt¬ 
ing stage the change was very slight in 
some instances, as with the shift from 
preparing pasture for wild game to do¬ 
ing so for domestic herds. The sample 
of archeological and ethnological evi¬ 
dence presented seems sufficient to sus¬ 
tain the opinion that man has set fire 
to the landscape during his entire his¬ 
tory. It may be worth while, neverthe¬ 
less, to review some of the botanical 
material which supports and bolsters 
the above opinion. Although the an¬ 
thropological and botanical data com¬ 
bine and strengthen the structure of 
evidence of man’s influence on his geo¬ 
graphic environment, plant distribu¬ 
tions and other knowledge gained from 




124 Mans Role in Changing 

botany appear more complete and more 
certain in some respects. 

TIIE EVIDENCE FROM BOTANY 

Botanical evidence for the antiquity 
and universality of burning falls into 
three general categorit's. ( 1) l^xact dat¬ 
ing of burns by menus ol fire scars and 
tree-ring analysis is possible and pro¬ 
vocative in a few localities. (2) Some 
studies in plant succession indicate 
clearly and immediately that the nor¬ 
mal plant succession of the area has 
been disturbed. Many species are 
known as pyrophytes (Kuhnholtz-Lor- 
dat, 1939, pp. 31-84) or fire plants and 
indicate frequent burning-over. (3) 
Related to plant succession but more 
complicated in aiialvsis is a comparison 
of plant potential from an analysis of 
soil, moisture, temperature, etc., with 
the actual plant cover. This is of par¬ 
ticular importance where very exten¬ 
sive regions, such as the American 
prairic'S and plains, the Argentine pam¬ 
pas, the Russian steppes, and the Afri¬ 
can Sudan and veld, present an appear¬ 
ance of being entirely natural and cli¬ 
matically determined. 

To discov(’r the impact of man and 
his cultural tools on nature from a study 
of plant cover, it is always necessary to 
weigh man's potential against similar 
effects which could be produced by 
other means, such as by lightning. 
Whenever we find botanical evidence 
that an area has been burned over, there 
is always the question whether the fire 
was from natural or from human cause. 
American botanists, plant ecologists, 
and geographers as a group appear to 
favor the idea that all prehistoric fires 
were clue to natural causes, and, by so 
doing, they greatly minimize human in¬ 
fluence. I know of no study of light 
ning-caused fires which permits such a 
conclusion to be drawn with confidence. 

In the tree rings and fire scars of gi¬ 
ant sequoias is the history of their sur¬ 
vival against regular attacks by flames 
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throughout their entire lives of two 
thousand years. Were these fires set by 
Indians or lightning? There is no sure 
answer. Yet, in the Sierra Nevada, 
w here the sequoias are located, authen¬ 
ticated lightning fires occur annually 
by the hundreds and could certainly ac¬ 
count for all the scars made during the 
last two millenniums. Plowever, red¬ 
woods of the Coast Range of northern 
California and lightning statistics for 
that region tell a very different story. 
Fritz (1932, pp. 2-3) wrote that fires 
ignited by lightning are extremely 
rare. 

Analysis of burned tissue and growth 
rings shows that forests in Oregon 
(Keen, 1940, p. 498) and in Pennsyl¬ 
vania (Lutz, 1930, pp. 1-29) were also 
rcqoeatc'dly subjected to fire during the 
last thousand years. Relatively few 
lightning fires are recorded for Penn- 
.sylv^ania; it would seem that the major¬ 
ity of the scars in these forests were 
from man-made fire. Within the time 
limits imposed by the trees themselves, 
the record of the trees may be inter¬ 
preted to mean that Indians certainly 
caused fires for about two thousand 
years. Moreover, if hunters and gather¬ 
ers in California and Pennsylvania are 
certainly known to have used fire as a 
tool for two thousand years, there is no 
reason not to suppose that the practice 
has been carried on for many more 
thousands of years. 

From regions widely distributed over 
the world come reports of ancient and 
(extensive burning, as evidenced by 
the types of plants growing under vari¬ 
ous particular climatic conditions. Let 
me first cite the material for the south¬ 
ern pine area of the United States. 
Shantz and Zon (1924, p. 14 and their 
Fig. 2) designated the region “Long- 
leaf-Loblolly-Slash Pines (Southeastern 
Pine Forest)" and wrote that this for- 
(*st, which is like that of the drought- 
resistant western yellow pine, occurs 
where there is heavy precipitation, be- 
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CiHisc ot IIk* sliikIv soil and evaporation. 

The first Europeans in the area re¬ 
ported game drives by means of fire and 
also reported that some open prairies, 
such as tlie Shenandoah Valley, became 
tree-covered as soon as burning was 
curtailed (Maxwell, 1910). Weaver and 
Clements (1929, p. 512) wrote of the 
area as follows: “The extent of this 
gi (’at pine belt has naturally led to the 
assumption that it is climax in nature, 
but its ecological character, as well as 
actual successional studies at widely 
separatt'd ]:)oints, leaves little or no 
doubt that it is essentially a fire sub¬ 
climax.” 

II. H. Chapman, of Yale University, 
directed extensive observations and ex¬ 
periments for about thirty years and es¬ 
tablished beyond doubt that the long- 
lc‘af pine for('st was dep<‘ndent upon 
firc^ for its very existence. Early in the 
thirtic's Chapman (1932^7, p. 603) wrote 
thiit “if conipl(^t<' fire proti'ction must b(‘ 
enforcc'd . . . the Iong-lc‘af pine will dis- 
app('ar as a s]')('ci(‘s." Later lu' proposcal 
(195077, 1950b) that tlu' longleaf pine 
had made a fundamental genetic, prob¬ 
ably evolutionary, adjustment to fire. 
The longleaf can survive being defoli¬ 
ated s(‘veral times and still quickly pro¬ 
duce a remarkably large and healthy 
tree. Chapman thought lightning fires 
responsible for the genetic adjustment, 
but there are too few cases of lightning 
starting fires in the southeastern pine 
forest for that natural agent to have 
stimulated special adaptation. In this 
area lightning almost inevitably occurs 
with rain, which extinguishes any fire 
due to lightning strikes. Harper (1943, 
p. 32) suggested spontaneous combus¬ 
tion as the natural agent in antiquity, 
which over the millenniums maintained 
the pine forest in a hardwood area. 

If ten to twenty-five thousand years 
would suffice for the genetic adjustment 
of the southern pines, the adjustment 
could be due to man-made fires. The 
V^ero and Melbourne, Florida, sites, at 


which human skeletons were found in 
association with mastodon bones, sug¬ 
gest that the southeastern section of the 
United States has been inhabited by 
man as long as any in the New World. 
If it were thought that a longer time— 
.say, a hundred thousand years—was re¬ 
quired for evolutionary development of 
longleaf pine peculiarities, I believe 
this evidence could be taken as support 
for placing man’s occupancy of the New 
World in the third interglacial. 

Daubeninire (1947, pp. 331—34) lists 
a number of other fire plants, including 
the lodgepole pine, which are encour¬ 
aged and multiplied by fire. Troup 
(1926, pp. 308-9) wrote that Burmese 
teak forests need fire to exist, and Gor- 
rie (1935) reported that the cheer pine 
of the Ilirnalavas was likewise de¬ 
pendent upon fire for survival. There 
are other examples of extensive forests, 
such as the Douglas fir of the Pacific 
Coast of the northwestern United 
States, which appear to be subclimax, 
[ind possibly dependent upon fire, in an 
area whene lightning fires are almost 
unknoxvn. 

In summary, the botanical evidence 
just outlined leaves little doubt that 
fire has played a decisive role on the 
landscape during many thousands of 
years. And it seems reasonable to be¬ 
lieve with Braun-Blanquet (1932, p. 
278) that human rather than atmospher¬ 
ic agents were responsible: 

While prairie and forest fires may occa¬ 
sionally be caused by lightning, that is 
the exception rather than the rule. In 90 
out of 100 cases they are caused by man, 
(Mth(‘r willfully or accidentally. Contrary 
to the opinion of some American investi¬ 
gators, therefore, fire is to be classed 
among the anthropogenous factors. 

Additional botanical analysis as an 
aid to understanding man’s primeval in¬ 
fluence on the face of the earth may be 
introduced by a quotation from Farmer 
(1953, pp. 115-17): 
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“The savanna is one of the most wide¬ 
spread landscapes of Africa. ... It results 
from the tropical climate with a moderate 
amount of rainfall and a long spell of 
drought.” Many of us were brought up at 
school to believe this statement from M. E. 
Hardy’s Geography of Plants (Oxford, 
1920). But few would now agree that 
African savanna, at least in its present as¬ 
pect, is a true climax vegetation, and the 
same might be said of other tropical grass¬ 
lands, such as the llanos and campos of 
South America and the cogonalcs of the 
Philippines. The conviction has grown 
that such grasslands, as we see them 
today, are wholly or partly man-made, the 
product of shifting cultivation and peri¬ 
odic burning. Savanna, in this view, is a 
fire-climax. ... A careful study . . . i.s C. H. 
Holmes’s valuable and well illustrated 
paper “The Grass, Fern, and Savannah 
Lands of Ceylon.”. . . Holmes analyzes the 
climate of Ceylon and concludes that the 
climax vegetation of all seven present 
types [of Ceylon vegetation] is a closed 
forest ... all seven types as they stand 
today are secondary, the result of clearing, 
burning, cultivation, and thereafter, peri¬ 
odic burning. 

Troup (1926, p. 310) would add the 
grasslands of India to the list of those 
made by man. 

Even though the human cause of 
tropical wet grassland may be estab¬ 
lished beyond doubt, the question of 
tlie prairies and plains of the temperate 
zone is still challenging. These are the 
world’s greatest continuous areas of 
pure grass. Their size and the fact that 
they have been in all historic time es¬ 
sentially uniform and unchanged lead 
almost inevitably to the conclusion that 
they are climatically and geographical¬ 
ly determined. Many scientists who 
have studied them have been steadfast 
in their belief that the extensive grass¬ 
lands of Argentina, Russia, and North 
America resulted solely from the re¬ 
sponse of vegetation to precipitation, 
evaporation, temperature, and soil. The 
American prairies have been the home, 
training ground, and object of mature 


research for the leading plant ecologists 
of the United States. For over fifty 
\ ears botanists, geographers, ecologists, 
geologists, and other scientists attached 
to the large and respected state univer¬ 
sities of Nebraska, Illinois, Indiana, 
Kan.sas, Iowa, Wisconsin, Ohio, Minne¬ 
sota, and Missouri have studied the 
prairies. World-famous scholars, such as 
F. E. Clements, B. Shimek, and J. E. 
Weaver, have spent their lives analyz¬ 
ing the vegetation of American prairies 
and plains and have maintained their 
belief that the peculiar purity of plant 
cover over the whole area resulted from 
the fact that grass was its climax vege¬ 
tation. Weaver’s recent book. North 
American Prairie (1954), which pre- 
s(*nts the essence of his own forty years 
of research and the res\ilts obtained by 
many of his colleagues and students 
may well serve as an example of the 
views of American plant ecologists. Ac¬ 
cording to Weaver (1954, p. 21), "cli¬ 
max prairie is the outcome of thousands 
of years of sorting out of species and 
adaptations to the soil and climate.” 
Fire as a factor is dismissed with a few 
passing references. 

Weaver (1954, p. 273) summarized 
his three-page section on "Effects of 
Burning” partly by quoting the Minne¬ 
sota geographer Borchert (1950) as 
follows: 

Fire is less destructive to grasses than 
to woody vegetation and it may sometimes 
benefit prairie where debris has accumu¬ 
lated over several years. This undoubtedly 
occurred where fires were set by light¬ 
ning. The prairie and indeed the entire 
area of North American Grassland at time 
of settlement consisted of a climax vege¬ 
tation, the extent of which was controlled 
by climate. Fire was only one of the many 
environmental factors. The grasses pro¬ 
duced large amounts of dead, dry, in^m- 
mable material. Lightning often started 
fires. "Thus the Grassland climates favor 
fire, just as they favor grass whether there 
are fires or not. . . . Fire, if not primitive 
man, himself, would simply have been one 
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part of the ecological complex of a region 
with the climate of the Grassland. . . . Also, 
the precipitation pattern of eastern Amer¬ 
ica during major drought years can ex¬ 
plain why the influence of fire was re¬ 
stricted to the grassland. The climate of 
the forests generally did not favor burn¬ 
ing” (Borchert, 1950, pp. 38—39). After 
extended study of the climate of Central 
North America, Borchert concludes: “The 
geographical pattern of postulated post¬ 
glacial fluctuation of the Grassland fits the 
facts of the recorded climate. The pattern 
of the Grassland at the time of white set¬ 
tlement also fits those facts. The patterns, 
themselves, suggest veiy strongly that they 
were, in the words of an earlier author, 
dictated by the master hand of climate.” 

It is the very stability and size of the 
temperate grasslands which make them 
of special value for evaluating man^s 
influence on his environment. If the evi¬ 
dence would allow for a strong pre¬ 
sumption that the great mid-latitude 
plains and prairies had been dependent 
on man’s fire for their existence, then 
we could give much more weight to fire 
as the first tool with which man changed 
his geographic environment. Both the 
extent and the uniformity of the herba¬ 
ceous plant cover would require a tre¬ 
mendous time period to achieve. And, 
if the temperate as well as tropical 
grasslands shoidd be attributed to man, 
we must say that it was the hunters and 
gatherers, in ages before agriculture 
and herding, who produced such pro¬ 
found and permanent modification of 
the landscape. I believe there is con¬ 
siderable evidence for such a conclu¬ 
sion notwithstanding the contrary opin¬ 
ions of the many American ecologists 
and geographers. 

There is, of course?, room for differ¬ 
ences of opinion eve?n when the same 
raw data are evaluated. For example, 
the experiments conducted by Clem¬ 
ents, Weaver, and Hanson (1929), cited 
by Weaver (1954, p. 189), demon¬ 
strated that shrubs could and did in¬ 
vade prairie sod. To Weaver, however. 


they showed only how slow such an in¬ 
vasion would be. There is involved here 
a difference of time-and-space perspec¬ 
tive. An advance of forest onto prairie 
of a few feet a year may be interpreted 
to allow forests to replace grass only if 
viewed as continuing thousands of 
years. Not all studies confirm such a 
slow rate of invasion into tail-grass 
prairie: Chavennes (1941, p. 80) dis¬ 
covered that there had been a decrease 
of 60 per cent of Wisconsin prairie in 
the twenty-five years from 1829 to 1854, 
owing to the invasion of trees and 
brush following the cessation of fires 
and preceding cultivation. Gleason 
(1932, pp. 80-82) wrote of Illinois that 
“barrens were converted into forests 
as by magic when fires that had main¬ 
tained them were stopped.” Gleason 
went on to say that forests advanced 
into Illinois grasslands one to two miles 
in thirty years and also that northwest¬ 
ern Illinois and southwestern Wiscon¬ 
sin, now heavily forested where not cul¬ 
tivated, was 80-90 per cent prairie 
gnissland when first visited by Euro¬ 
peans. And elsewhere (1913, p. 181) he 
wrote that “prairie fires have been the 
deciding factor in determining the dis¬ 
tribution of forests in the Middle West.” 

Whereas Weaver (1954, p. 190) mini¬ 
mized the “extension of forest into 
prairie” by saying it “occurred in a 
limited manner following settlement 
and the cessation of prairie fires,” there 
is abundant evidence to show that 
brush and trees, if given a chance, 
would invade virtually all the tail-grass 
moist prairie. The Kentucky barrens 
and the prairies of Ohio, Michigan, and 
Indiana have all been invaded by 
woods. The 75,000,000 acres of grass¬ 
land of Texas and neighboring states 
have become covered with mesquite 
jungles. Sagebrush and juniper have in¬ 
vaded parts of the drier grasslands from 
the west, and aspen forests have crept 
hundreds of miles into the northern 
prairie as a prelude to pine. 
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We cannot judge from observations 
whether forest would eventually spread 
over sill the grasslands, because there 
does not yet exist an opportunity for a 
fair and free competition between 
prairie grass and weeds, on the one 
hand, and brush and trees, on the other. 
Cultivation, overgrazing, and mowing 
interfere. Also, Bros still sweep ov^er vast 
sections of the prairie and plains so fre¬ 
quently that they are declared the 
greatest barrier to the establishment of 
forests and shelter belts in the Midwest. 
Howevc*r, the fact that throughout the 
tail-grass prairie planted groves of 
many species have flourished and have 
reproduced seedlings during moist 
years and, furthermore, have survived 
the most severe and prolonged period 
of drought in the 1930’s suggests that 
there is no climatic barrier to forests in 
the area. Also the success, at the driest 
western edge of the tail-grass prairie, of 
the Shelter Belt Project, made up of 
16,000 miles of tree plantings extending 
from Canada to Texas, shows that soil 
and moisture are sufficient for tree 
giowth (Anonymous, 1942, p, 456). 

The Nebraska National Forest was 
planted in the sand hills at the driest 
extreme of the prairie zone in 1903, but 
a prairie fire spread into the planted 
area in 1910, destroying most of the 
trees. Replanted in 1911 and protected 
by firebreaks, the 20,000 acres of coni¬ 
fers have developed mature trees and 
true forest conditions where natural re¬ 
production is taking place (Davis, 
1951). The firebreaks have stopped 
s( \e‘ial large outside grass fires from 
spreading into the planted area, but 
thcK is no mention of lightning igniting 
the lf)rest itself. 

L< t us consider this question of light¬ 
ning on the North American grasslands. 
Weaver (1954, p. 273), as quoted 
above, repeats an assertion frequently 
made that “lightning often started fires*' 
on the prairies. I have found no evi- 
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deuce that lightning iguit(‘d vegetation 
on the plains and prairies at times and 
places to cause widespread grass fires. 
Ijghtning increase’s with ('h’vation, and 
in^st of the fires it starts in plant cover 
are in the Rocky xMountains and the 
Si(’iTa Nevada-Cascade ranges of west¬ 
ern America. Even in the forests of the 
Wieliita Mountains of Oklahoma, only 
twenty-six fires in four years were at¬ 
tributed to lightning. Plummer (1912fl), 
in the monograph entitled Lightning in 
Relation to Forest Fires, stated that 
tlieix’ are v’cry f<'w records of fires bc'ing 
started on the plains and prairies, and 
('\en then he is not really explicit. In 
fact, 1 have been able to discover no 
authentic record of any grass fire ever 
bc’ing ignited by lightning. This agrees 
with the experience of Gleason (1913, 
p. 176), the famous plant geographer, 
already quoted, who wrote that he 
could find “no record of a prairie fire 
produced by lightning.” 

Borchert s misconception, apparently 
acc'cpted by Weaver in 1954, that in 
aboriginal times “the influence of fire 
was restricted to the grassland,” may be 
passed over without further comment, 
since the record for Indian burning of all 
woodlands of the eastern United States 
is so complete (Maxwell, 1910; Day, 
1953; Chapman, 1932, 1944, 1947,1950). 
Another point made by Borchert (1950, 
j)p, 38-39) and cited by Weaver is 
frequently found in publications of 
American plant ecologists. I refer to the 
.idea that fire and primitive man as in¬ 
fluences on the physical environment 
can be passed over by the simple state¬ 
ment that they were “one part of the 
ecological complex of a region.” 

If the geographers and ecologists 
really acted on this expressed view, how 
different might be their conclusions! 
Unfortunately, this statement of prin¬ 
ciple is as far as they go. Whereas rain¬ 
fall, snowfall, evaporation, wind, frost. 
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tc^mpeiature, etc., are measured, corre¬ 
lated, analyzed, and charted for each 
month and for many years, and these 
are applied to each plant and then to 
plant complexes, fire is treated only in 
a passing reference. Borchert (1950) 
himself gave “The Effect of Fire’* one 
paragraph of a half-page length in his 
thirty-nine-page article on the climate 
of the American grassland. I found no 
otlier record, measurement, or analysis 
of the effects of fire in the dozens of 
Vc'stal’s puhlications. Stating the prin¬ 
ciple that fire should be treated as any 
other part of the natural environment is 
not enough. It should in fact be treated 
and studied as fully as other ecological 
factors. 

It is the record of vegetation burning 
by Am(‘rican Indians throughout the 
hemisphere from Alaska to Tierra del 
Fiiego and from coast to coast which 
has led me to consider fite an ancient 
and powerful force in the hand of man 
in Anu'rica. Archeology supports the 
o]iinion that fire was employed to drive 
game on the plains by America’s first 
inhabitants and has been so used to the 
present. The American grasslands were 
n'gularly and frequently burned over at 
the time of European discovery and ex¬ 
ploration. 

In siiininarizing the effect of fire on 
the North American grassland, it seems 
leasonable to assume that, since the 
moist prairies can support true forests 
and the dry plains can support xeric 
brush and scattered trees, and since the 
trees arc capable of invading the sod, 
some non-geographic force is critical 
for the formation and maintenance of 
grasslands in America. Fires set by man 
have been present for thousands of 
years, and lightning-set fires have been 
rare. Burning by primitive peoples may 
thus be considered a determining fac¬ 
tor. 


Although the matter has been de¬ 
bated for the last century, a number of 
scientists have preceded me in this con¬ 
clusion : Marsh (1864), Christy (1S92), 
Cook (1908), Gleason (1913, 1932), 
Sauer (1920, 1952), and Humphrey 
(1953), to name a few. Schmiedcr 
(1927) came to the same conclusion re¬ 
garding the pampas of Argentina, and 
it appears that the evidence regarding 
the Russian steppes would justify a 
similar view. For example, Pallas 
(1803) saw several grass fires and im¬ 
plied that they occurred regularly; 
Mirov (1935) and Vyssotsky (1935) 
reported the success of shelter-belt 
planting on the steppes. The data on 
grasslands of the tropical and temperate 
zones of the world support the view 
that they have been formed and have 
undoubtedly been maintained by man 
by mc'ans of fire. The implication that 
man used fire as a tool in remote pre¬ 
historic times is strong. 

The unrestricted burning of vegeta¬ 
tion appears to be a universal culture 
trait among historic primitive peoples 
and therefore was probably employed 
by our remote ancestors. Archeology in¬ 
dicates that extensive areas of the Old 
and New Worlds were being burned 
over ten thousand years ago. It is logi¬ 
cal to assume that some of the reasons 
which motivated historic and Neolithic 
men would also have motivated our re¬ 
mote ancestors to set vegetation on fire. 
One may conclude that fire has been 
used by man to influence his geographic 
environment during his entire career as 
a human. Furthermore, it is impossible 
to understand clearly the distribution 
and history of vegetation of the earth’s 
land surfaces without careful consider¬ 
ation of fire as a universal factor influ¬ 
encing the plant geography of the 
world. 
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Early Food-producing Populations 


KARL J. NARR* 


Man’s contest with external nature is 
expressed in two diflFerent ways: adap¬ 
tation to and changing of a given en¬ 
vironment. Adaptation may be a matter 
of organic evolution as well as of intel¬ 
lectual power. To meet the rigors of a 
cold climate, for instance, some ani¬ 
mals developed a coat of hair as the 
result of a change in the germ plasm. 
But man can adapt himself to life in 
the same environment by inventing and 
making coats. Creative spiritual actions 
thus form an exclusively human way of 
adaptation, man’s compensation for his 
relatively poorly endowed body being 
his superior intellect, which brought 

** Dr. Narr is Scientific Assistant at the Semi¬ 
nar fiir Ur- und Friihgeschichte of the Georg- 
August University at Gottingen, Germany. Pri¬ 
marily a prehistorian, he focuses his research 
on problems which concern the synthesis of 
archeological work with geological, environ¬ 
mental, anthropological, and ethnological stud¬ 
ies. His publications include contributions to 
the international manual, Historia mundi: “Das 
hohere Jagertum; Jungere Jagd- und Sam- 
rnolstufe” (“Developed Hunting: the Lat- 
Stage of Hunting and Gathering”) and 
ilirten, Pflanzer, Bauern: Produktionsstufe” 
■ Herdsmen, Plant Cultivators, and Peasants; 
'Ihe Stage of Food Production”), 1952—53; 
and “Formengruppen und Kulturkreise im 
eurfjpaischen Palaolithikum: Stand und Auf- 
gaheri der Altsteinzeitforschung” (“Form 
Complexes and Culture Areas in the European 
Paleolithic: State and Tasks of Re.searches 
into the Old Stone Age”), 1954. His book. 
Das rheinische Jungpaldolithikum: Zugleich 
ein Beitrag ztir Chronologie der spdten Alt- 
steinzeit Mittel- und Westeuropas (“The Rhen¬ 
ish Upper Paleolithic: A Contribution to the 
Chronology of the Upper Paleolithic of Middle 
and Western Europe”), is in press. 


forth the typical human phenomenon 
of culture. In the course of history man 
created new industries and new econo¬ 
mies that have furthered the increase 
of his species. With growth of popula¬ 
tion and addition of skills, he did not 
confine himself to mere adaptation but 
changed more and more of the sur¬ 
rounding world until he became in 
many regions the ecologic dominant. 
Man also affected the course of organic 
evolution, in particular, when he began 
to control his food supj)ly by cultivat¬ 
ing plants and breeding animals, finally 
displacing both from their original 
biome and habitat, either subsequently 
transforming an environment by that 
artificial exotic invasion or previously 
preparing the new area for the recep¬ 
tion of the exotic plants and/or animals 
in question. Thus the growing intensity 
of new economies answering the want 
for food exhibits a logical relation to 
man's increasing role in changing the 
face of the earth. 

prelude: collectors and 
HUNTER-FISHERS 

Among populations whose economy 
is confined to mere hunting and gather¬ 
ing, adaptation to the environment evi¬ 
dently plays a far greater part than 
change. Variations of climate and the 
appearance and disappearance, increase 
and decrease, of particular plants and 
animals are able to stimulate new de¬ 
mands which can be appeased only by 
the invention of new methods of hunt¬ 
ing and new weapons and implements. 
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This has already been conjectured for 
some groups as early as the Lower 
Paleolithic (Narr, ]953h). On the other 
hand, cultures of this simple kind, once 
adapted to a particular biome, showed 
a general tendency to cling to the latter. 
This, too, is almost certainly true for 
thf' ('arliest times, but the rich evidence 
of the Upper Paleolithic provides exam¬ 
ples which can be far b(?tter demon¬ 
strated than those from the poorly docu¬ 
mented Lower Paleolithic. Thus we see, 
for instance, that the East Gravettian 
mammoth hunters extended the limits 
of their area of distribution with the 
progressing loess steppe in full glacial 
times (but apparently avoided the com¬ 
pletely treeless loess tundra—a phenom¬ 
enon that might be explained by re¬ 
quirement of wood for fire and, per¬ 
haps, for the construction of the well- 
known serni subterranean dwellings). 
Also, we sec that the West Magdalenian 
hunters of reindeer, horse, and red deer 
preferred life in the park tundra and 
followed thci pioneering pines and 
birches (and the animals attached to 
this environment) when they entered 
the plains of northwestern Germany 
and the Netherlands at the end of the 
Ice Age (Narr, 1954). Nevertheless, a 
certain amount of new, though eventu¬ 
ally minor, adaptations were required. 
The plains north of the German and 
Belgian central range of mountains 
completely lack the caves and rock 
shelters which facilitated the life of the 
Magdalenian hunters in their Franco- 
Cantabrian homeland. Huts and tents 
(like those fortunately discovered by 
Rust [1948, 1951] in northern Germany 
and the Netherlands) must have played 
a far greater part and been of different 
type, perhaps, than those in southwest¬ 
ern France and northern Spain. To be 
sure, the attachment of certain cultures 
to a particular environment must not be 
overestimated or made a general and 
unconditional rule. Regarding the early 
spread of mankind over the whole otku- 
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rnene, we can postulate that Paleolithic 
man was able to overcome the barriers 
of nature. But we need not insist on that 
problem. The critical question for our 
theme is whether, or to what degree, 
the activities of hunting and gathering 
populations altered or did not alter the 
aspect of the earth. 

There can be no doubt that early 
hunting and food-gathering people pos¬ 
sessed certain means of altering their 
e nvironment. At first thought, one may 
be tempted to consider hunters special¬ 
ized in a distinct species of animals as 
having disturbed the ecologic equilib¬ 
rium by diminishing tht' number of their 
prey, until finally destroying the hunt¬ 
ers' very base of sustenance. (See also 
Darling, pp. 778-87. ) But it is very 
improbable that even Upper Paleolithic 
and Mesolithic man killed more game 
with his still-primitive weapons than 
could be replenished by annual increase 
under normal ecologic conditions. More¬ 
over, it may be thought that prehistoric 
hunters preserved game to a certain 
degree, as many of our primitive con¬ 
temporaries also do. Among recent 
hunting populations it is a general rule 
not to kill more game than is needed, 
and, frequently, this is sanctioned by 
t'thical codes and religious beliefs. 

Certainly there was also a tendency 
toward the making of clearings of a sort 
by collectors and hunters of the Old 
and Middle Stone Age. Around their 
more or less temporary camps, shrubs, 
brushes, and small trees needed for the 
construction of windbreaks and huts 
and as fuel were removed. Clearing an 
area caused changes of vegetation 
around the camps, such as the stimula¬ 
tion of chenopods, by the accumulation 
of organic refuse. This has been demon¬ 
strated for the northern Mesolithic by 
pollen analytical work (Iversen, 1941), 
but similar processes can be supposed 
for other times and regions. (See also 
Sears, p. 475.) To be sure, the way of 
life of shifting hunters and collectors 
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prevented permanent changes. More¬ 
over, they affected but small patches. 

If one could have flown over northern 
Europe in Mesolithic times, it is doubtful 
whether more than an occasional wisp of 
smoke from some campfire, or maybe a 
small cluster of huts or shelters by a river 
bank or an old lake bed, would have ad¬ 
vertised the presence of man: in all es¬ 
sentials the forest would have stretched 
unbroken, save only by mountain, swamp 
and water, to the margins of the sea 
[Clark, 1952, pp. 91-92]. 

Indeed, the damp forests of Meso¬ 
lithic northern Europe could not be 
ignited easily. But what about less 
dense, coniferous woods, park tundras, 
and savannas, especially in plains, with 
dry seasons or in periods of a generally 
drier climate? Under such conditions, 
campfires which had been left un¬ 
watched or fire drives, which almost 
certainly must have been practiced dur¬ 
ing the Old Stone Age (Soergel, 1922), 
or even the setting of fires to burn off 
the brushwood could have done exten¬ 
sive work in clearing the forests. Fortu¬ 
nately, this is no mere deduction. Dur¬ 
ing the Allerddian climatic period the 
flatlands north of the German and Bel¬ 
gian central range of mountains were 
occupied by forests of pines and birch¬ 
es. At the very end of that period, in the 
transitional so-called “Usselo horizon,” 
when the climate again was becoming 
colder and drier, the existence of great 
forest fires is documented by rather 
thick layers of charcoal and even car¬ 
bonized trunks, at several sites in the 
Netherlands and in northern Germany, 
These strata frequently contain arti¬ 
facts, fireplaces, and other refuse of the 
camps of late Magdalenian hunters. 
The }>ost-explored sites are Usselo, 
Twente (as yet unpublished excavations 
by Hijszeler; see also Schwabedissen, 
1954),^ and Rissen near Hamburg 
(Schwabedissen, 1951, 1954). There is 
no proof, of course, that it was Paleo¬ 
lithic man who, either by carelessness 


or to improve hunting and the berry 
harvest (e.g., Stewart, pp. 118-24, 
125), set fire to the forests. But the pos¬ 
sibility, or even probability, thereof can¬ 
not be denied. With this restriction in 
mind, we may suppose that the sudden 
decrease of pines and birches which 
marks the beginning of the colder and 
drier Later Dryas period is due par¬ 
tially to the activities of man. We may 
suppose that comparable phenomena 
would also be revealed in other periods 
and regions, for instance, in the French 
“Paradise of Early Man,” if similar con¬ 
ditions of preservation had prevailed 
there (or, perhaps, if excavations were 
not so exclusively confined to the easily 
discoverable and most promising cave 
sites ). 

NEOLnUIC AGRICULTURE 
AND PASTORALISM 

Adhering to the approved advice of 
Aristotle that the essentials of a phe¬ 
nomenon arc best understood if one 
tries to explore their rise from the very 
beginnings, we first should inquire 
about the origins of food production 
and its bearing on changes of environ¬ 
ment. Alas! The state of our knowledge 
does not permit such an inquiry, for the 
question of agricultural and pastoral 
origins is still controversial. One theory 
favors the view that, from a common 
cradle of mixed farming, which is to 
be located in the lands of the Fertile 
Crescent, the new food-producing econ¬ 
omy spread in different directions. One 
of these led into the steppes of Eurasia, 
where the culture was altered into a 
completely pastoral and nomadic one— 
a process which was furthered by en¬ 
vironmental factors. A second theory 
hinges on different origins of plant cul¬ 
tivation and stock-raising, respectively. 
Spreading into the other continents of 

1. From economical and environmental 
points of view the site of Usselo is especially 
interesting because of the great amount of 
crowberries found there. 
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the Old World, the two economies met 
each other and intermingled in the 
region of the Fertile Crescent or adja¬ 
cent countries, thus giving rise to mixed 
farming. 

A few years ago the author tried to 
evaluate the different arguments (Narr, 
1953<3). In the meantime fresh evidence 
and new reconsiderations have been 
brought forward in favor of both th(*o- 
ries (Jettmar, 1953, 1954; Pohihauseii, 
1954r/, 1954b). On the whole, how¬ 
ever, the evidence available today does 
not permit a definite decision. No doubt 
the archeological record proves that 
mixed farming (full agriculture com¬ 
bined with stock-raising) was already 
in existence at the latest by the fifth 
millennium b.c. (Some sites between 
northern Iran and Nubia seem to hint 
that transhumance may have been an 
('arly, or perhaps the earliest, form of 
mixed farming.) But the archeological 
record still is very meager or nonexist¬ 
ent for the centers of full nomadic pas- 
toralism and semi agriculture (in the 
sense of Hatt in Curwen and Hatt, 
1953), respectively. (Moreover, no¬ 
madic herdsmen, living in tents and 
using implements of perishable mate¬ 
rial, are less likely to leave recognizable 
traces than full agriculturists; roots and 
tuberous plants cultivated by semiagri¬ 
culturists will be found among cultural 
refuse only under exceptionally favor¬ 
able conditions of preservation.) 

On completely theoretical founda¬ 
tions we can establish several levels of 
food production based upon the rela¬ 
tion of the respective domesticated 
plants and/or animals to the original 
environment. 

Stage 1.—Domesticated plants and 
animals remain within the hiome and 
habitat of their wild ancestors. The new¬ 
ly found capacity to domesticate cer¬ 
tain kinds of animals spread over parts, 
or the whole, of the region of natural 
distribution of the species question 
but did not surpass the ecologic limits 


of the species. Examples: The tame 
reindeer inhabits only the same regions 
as its wild cousins do or did. Several 
plants of primitive agriculture in the 
southern woodlands remained therein. 

Si AGE 2—Alan brings domesticated 
plants and animals out of their origirud 
hiome and habitat. This can be done in 
two different ways: 

Substage 2a.—Plants and anbiials are 
transplanted into, and accustomed to, a 
new environment. The new area subse- 
(piently is altered by the effects of that 
exotic invasion. Examples: Selection of 
more resistant sorts of cultivated plants 
can allow the introduction of cultiva- 
ti(m into regions where agriculture 
hitherto had been impossible. Man also 
was capable of moving domesticated 
animals into habitats devoid of their 
wild ancestors. Goats are brought from 
the mountainous countries into valleys 
and plains and sheep from the slopes 
of high hills. Grazing pressure (and 
protection against predators) may then 
alter the ecosystem of the newly occu¬ 
pied area. 

Substage 2b.—Plants and animals are 
transplanted into an artificially prepared 
area. The environment has previously 
been adjusted to the exotic invaders. 
E.xainples: Woodland is cleared to suit 
it for the sowing of grains and thus is 
transformed into a kind of artificial 
steppe. Brush and trees are removed by 
burning, to promote or make possible 
growth of grass and herbs, thereby im¬ 
proving pasture for animals originally 
adapted (or accustomed by man) to 
grassland. 

The above classification shows an in¬ 
tensification of change in the physical- 
biological environment by the activi¬ 
ties of man. Perhaps it should be 
stressed that it is only a classification 
of phenomena which must not be mis¬ 
taken for an established historic se¬ 
quence. While it undoubtedly contains 
elements of a true evolutionary se¬ 
quence, nevertheless this cannot be 
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taken as a decision a priori but has to 
be established by careful historical in¬ 
quiry for each separate case. Confusion 
of a theoretical evolutionary system 
(like that constructed by H. L. Morgan 
and E. B. Tylor, which even today is 
not yet overcome completely) with a 
historical sequence of cultural and eco¬ 
nomic levels has caused trouble enough. 
Vestigia terrent! 

Consequently, it is our task, as cul¬ 
ture historian, to examine whether the 
historic changing of the face of the 
earth by early food-producing popula¬ 
tions affords a picture which can be re¬ 
lated to the above classification. As al¬ 
ready indicated, this is as yet impos¬ 
sible to do completely. At present we 
can but select some examples from times 
and regions where the state of research 
provides sufficient evidence. But even 
that is practically impressible for the 
earliest decisive periods of food-pro¬ 
ducing economies. Mixed farming, for 
instance, was practiced very early in 
the valleys of the Nile, the Euphrates, 
and the Tigris. Yet the oldest sites 
where mixed farming, probably trans- 
humance, can be affirmed are not situ¬ 
ated near the banks of these great riv¬ 
ers, as has been believed previously, 
but rather on some of the adjacent 
plains and foothills. In the streamlands 
of the Fertile Crescent the face of the 
earth was deeply changed by the irriga¬ 
tion activities of man, yet it cannot even 
be decided whether or not irrigation be¬ 
gan to be practiced by some rather ear¬ 
ly communities of farmers during the 
fifth millennium b.c. Was irrigation 
eventually the "Response” to the men¬ 
acing "Challenge” of the encroaching 
desert (expressed in layers of drift sand 
in the refuse of occupation sites, such 
as the Faiyum and Merimde)? Or was 
it invented only in connection with the 
"Urban Revolution” of the late fourth 
or early third millennium b.c.? 

Examples which give a satisfactory 
picture of the economic system of an 


early food-producing population and its 
bearing on changes of the environment 
can be selected only from the better 
explored regions of Europe. But such 
regions are far removed in space and 
time from the supposed cradle, or cra¬ 
dles, of plant cultivation and stock- 
raising. Nevertheless, it seems more use¬ 
ful to consider some food-producing 
populations of the European Neolithic 
than to lose our way in a labyrinth of 
mere theoretical deductions. 

Danubian Farmers of the Early Neo¬ 
lithic: Clearance in the Wooded Loess 

Lands of Middle Europe 

The so-called "Danubian” culture 
represents the earliest definitely known 
farming population in Middle Europe. 
To be sure, the name "Danubian” is 
somewhat misleading, for the bulk of 
Danubian sites lies north of the Dan¬ 
ube, stretching from Hungary into the 
southern fringes of the northern Ger¬ 
man plains and from the Vistula to Bel¬ 
gium (and by a few spurs even into the 
region of Paris). The term "Danubian” 
customarily is used in a wide sense to 
include some rather different Neolithic 
groups of Central Europe and the Bal¬ 
kans. But here it will be used only in 
the strict sense of Bandkeramik (as de¬ 
fined by Milojcic, 1951, and roughly 
corresponding to the "Danubian I” of 
Childe, 1950a). Though the Danubian 
is related to some early Neolithic groups 
of Hungary and the Balkans, this rela¬ 
tion is almost exclusively confined to 
rather general economic elements, 
namely, similar cereals and domesti¬ 
cated animals. The typological ele¬ 
ments, in particular the ceramics, show 
quite distinct patterns. The Danubian, 
therefore, may best be classified as a 
civilization that, by its basic economic 
traits, ultimately comes from the great 
"oriental drift” (Schachermeyr, 1954) 
but which also has developed many ele¬ 
ments of its own (perhaps by action of 
an indigenous pre-Neolithic substratum 
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as yet practically unknown). This justi¬ 
fies our speaking of a quite distinct and 
particular culture, the origin of which 
lies in Moravia, Bohemia, and the ad¬ 
jacent parts of central Germany. 

The absolute age of the Danubian is 
still controversial. There is convincing 
archeological evidence that the closing 
stage of its older part is contemporane¬ 
ous with the Starcewo III—Vinca A ho¬ 
rizons of the Balkanic sequence, which, 
in their turn, by correlation with Medi¬ 
terranean groups, can be dated in the 
older centuries of the third inilkmnium 
B.C., perhaps stretching to the middle 
of the latter (Milojcic, 1949, 1951 ). The 
beginning of the Danubian is a crucial 
question, for we cannot say with cer¬ 
tainty whether it parallels the older 
levels within the “oriental drift” or of 
what age these are. Natural science 
seems to favor a rather early date, per¬ 
haps around 4000 b.c.^' As yet we can¬ 
not state much more than that the com¬ 
mencement of the Danubian can be 
placed somewhere between the closing 
of the fifth and the beginning of the 
third millennium b.c. The Later Da¬ 
nubian lasted until its replacement by 
other Neolithic cultures within the cen¬ 
turies around 2000 b.c. 

The archeological record of the Da¬ 
nubian consists mainly of domestic 
sites. This is a happy circumstance for 
our theme, because it provides us with 
a sufficiently complete picture of the 
general way of life of that ancient farm- 
ing population (Buttler, 1938; Childe, 
1950a; Tackenberg, 1953; Danthine, 
1954). The Danubian economy was 

2. lladiocarbon datings suggest a date 
within the centuries around 4000 b.c.; but, 
as this method is still in its infancy, one has 
to be careful not to infer too much from its 
results. Pollen-analysis examinations show an 
amount of grain pollen, which has to be 
ascribed to Danubian grain cultivation, in the 
middle of the Atlantic period. The Atlantic 
period has been dated by indirect correlation 
with varve series as between about 5500 and 
2500 B.c. (Munthe, 1940) or about 4600 and 
2000 B.c. ( Florin, 1944), respectively. 


based on the cultivation of barley, one¬ 
grained wheat {Einkorn), emmei, at 
least in some regions, and, perhaps, 
bread wheat,® beans, peas, lentils, and 
flax. Stock-breeding was apparently 
practiced on a rather .small scale, for 
only relatively few bones of dogs, oxen, 
sheep, and pigs turn up in the settle¬ 
ment refuse. The Danubian peasants 
preferred the well-drained and fertile 
loess soils, which are exceptionally easy 
to work (see the instructive map of 
Clark, 1952, p. 96). Moreover, in some 
regions they seem to have selected par¬ 
ticular kinds of loess. In the northern 
Rhineland, for instance, Danubian set- 



Kif;. 51.—Soils and Neolithic sites in the 
northern Rhineland, showing the Danubian. 
(After Tackenberg and Miickenhausen.) 

tlements (as well as those of the peas¬ 
ants of the late Bronze Age) are re¬ 
stricted to the southern parts of the 
loess region, where the loess layers are 
less thick than in the northern parts 
(Steeger, 1932; Uslar, 1951) and where 
the brown earth (centuries earlier and 
more intensely tilled) shows a higher 
degree of basal saturation (Miicken- 
hausen, 1952). (See Fig. 51.) 

It is quite unlikely that the Danubian 
peasants knew the plow. Because of the 
lack of corresponding traces on the 

3. Emmer is reported from the Rhineland 
and Belgium; bread wheat, from Poland 
(Childe, 1950a, p. 97). 
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tools in question, it must be denied that 
rather clumsy axes and other stone im¬ 
plements were used as plowshares, as 
has been suggested by some authors. 
We must suppose tliat the agricultural 
technique of the Danubians was a kind 
of hoe cultivation, though the imple¬ 
ments for tilling the soil are still un¬ 
known, with the possible exception of 
kinds of perforated “maceheads” which, 
in reality, may have been used as charg¬ 
ing stones for digging sticks. The Da- 
nubian hoes seem to have been made 
of wood,^ since the so-called “flat hoes” 
and “shoe-last celts” of stone were al¬ 
most certainly not used for cultivation 
but as carpenters* implements (Rieth, 
1949-50). Carpentry played a great 
part in the life of the Danubian peas¬ 
ants, because they lived in great rec¬ 
tangular wooden buildings, up to more 
than 40 mcitcrs in length (Paret, 1946; 
Stieren, 1951), which were grouped to¬ 
gether in villages surrounded by pali¬ 
sades. The quest for wood of a Danu¬ 
bian community must have covered a 
considerable area. 

Hoe cultivators who, by lack of a 
corresponding degree of stock-breed¬ 
ing, did not have a sufficient resource 
of animal dung almost certainly must 
have practiced shifting cultivation. 
When, after a few easy crops, the avail¬ 
able ground within easy reach had been 
exploited, the Danubians passed on to 
fresh grounds not too far distant. Even¬ 
tually, after this procedure occurred 
se\ cral times, and the soil of the earlier 
sitrs had regenerated sufficiently, the 
people returned to their old dwelling 
places, or these areas were occupied by 
a kindred group. There is convincing 
evidcuee that the famous settlement of 
Koln-Lindenthal near Cologne was 
abandoiKxl and resettled at least seven 
times witliin a period of a few hundred 

4. AinoDo; refont primitive hoc cultivators 
alsSO, the use of tilling implements of stone is 
almost unknown ( Hoeltker, 1947; for one of 
the rare exceptions .see Purse-Stanek, 1953). 


years (Sangmeister, 1951; Buttler and 
Haherey, 1936). 

The loess lands were once hailed as 
an open corridor through the hostile 
forest. This view is rather incompatible 
with the great need for wood among 
the Danubians. Moreover, the general 
picture of the Central European vege¬ 
tation in Atlantic times shows that the 
loess soils supported a friendly, mixed- 
oak forest. This is also verified by the 
examination of soil profiles (Tiixen, 
1931; Garnett, 1945; Schwarz, 1948). 
1 his forest must have allowed a growth 
of foliage in addition to the fattening 
acorns on which cattle and swine could 
feed. The assumi^tion of settlement in 
wooded countries implies a deduction 
which is most important for our theme, 
namely, that the Danubian peasants 
cl(3arcd the forests. “Slash and burn” 

(Brandwirlschaft) is the method which 
could easily have been practiced by Ne¬ 
olithic man. Recent experiments have 
shown that extensive clearings could 
have been made with Neolithic stone 
tools and that felled mixed-oak forests 
could successfully have been burned 
even while the wood was still green. 
Moreover, these experiments demon¬ 
strate that cereals grew luxuriantly in 
the burned area, in contrast to an un¬ 
burned one (P., E., 1954). Thus, at first, 
small patches and, gradually, greater 
parts of the Central European wood¬ 
land were transformed into a kind of 
artificial steppe. To be sure, this proce¬ 
dure slackened by the shifting of settle¬ 
ments, which allowed the forest to re¬ 
generate without serious depredations 
of grazing animals. On the other hand, 
the newly regenerated plots may have 
remained attractive, compared with the 
original virgin forests. Because of the 
probably long duration of the Danu¬ 
bian culture and the shifting of settle¬ 
ments, the density of the Danubian 
population may not have been so great 
as one is tempted to assume when re- 
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garding the denisely dotted distribution 
maps. But our knowledge of sites cer¬ 
tainly reflects only a small part of the 
true settlement. I'he pressure of popu¬ 
lation on the desirable loess soils in the 
closing stages of Danubian civilization 
may indeed have been great enough to 
permit J. G. D. Clark to say (1952, p. 
97) that “new communities have con¬ 
tinually hived off from the old ones, so 
that ultimately the point was reached 
when clearance outstripped the capac¬ 
ity of the woodlands to regenerate 
themselves.” 

The Loess Lands of Northwestern Eu¬ 
rope: The Problem of the Campi- 
gnian ( Hunter-Collectors or Clearing 
Farmers [?]) 

A very interesting problem is posed 
in the loess lands of France and Bel¬ 
gium. The westernmost compact Da¬ 
nubian province is formed by the set¬ 
tlements in the Belgian Ilesbaye, where 
penc'tration seems to have been rather 
short and late. The Belgian Danubian 
(“Onialien”), which shows close affini¬ 
ties to the Rhenish styles of Plaidt and 
Cologne, corresponds only to the 
later stages (III—IV, and perhaps II, 
of the sequence at Koln-Lindenthal near 
Cologne) and, therefore, is to be placed 
within the centuries around the middle 
and before the end of the third millen¬ 
nium B.c. Only a scanty offshoot is rep¬ 
resented by a few finds in the loess re¬ 
gions of northwestern France. The same 
country is occupied by a very interest¬ 
ing, though highly problematic, civiliza¬ 
tion, namely, the Campignian. The bulk 
of the typical Campignian (the “facies 
d’habitation” of the “Campignien clas- 
sique” of Nougier, 1950), lies in north¬ 
western France, where the Danubian is 
very poorly represented, whereas in Bel¬ 
gium only a few sites attest the presence 
of the Campignian (Fig. 52, p. 142). 

The Campignian is known mainly 
through its industry of chipped (not 
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polished!) silex with predomina 
picks and tranchets. Its typological re 
lations to the Mesolithic forest cultures 
of northern Germany, the Baltic lands, 
and Scandinavia are so close that it al¬ 
most certainly is to be interpreted as a 
genetic connection. There is as yet no 
convincing and well-established third 
group which could claim to be the com¬ 
mon ancestor of both, but this may be 
partially due to a certain lack of arche¬ 
ological research in some of the coun¬ 
tries in question. Nevertheless, on the 
evidence available today, one may be 
justified in trying to derive the one from 
the other: the Campignian from the 
northern Mesolithic forest cultures, or 
vice versa. This latter possibility has 
been denied by some historians, because 
some aspects of the Campignian indus¬ 
try occur only in the later stages of 
the northern sequence® (Oldesloe- 
Gudemaa and Ertebolie), which belong 
to the Atlantic climatic period of the 
postglacial. In the northern woodland 
cultures these can be derived from the 
oider stages, whereas a possible com¬ 
parable ancestor is completely lacking 
in the Campignian region. However, it 
is very troubling that no continental 
group is known which might establish 
a sufficiently direct link between both. 
The “Prse-Campignian" of Nougier 
(1950) has, at least partially, to be 
taken cautiously, for its sites are very 
doubtful or, as in the case of the Bel¬ 
gian sites in the vicinity of Aubel, rep¬ 
resent a lateral (and late) offshoot. On 
the other hand, the Mesolithic forest 
cultures extended to England by the 
only possible way—over land which to¬ 
day is covered by the North Sea 
(Schwabedissen, 1952). This land route 
must still have been in existence at the 
beginning of the Atlantic period. (Its 
submergence may have pushed people 
from the North Sea land to the east and 

See also tlic review of Nollgier^s book 
(1950) by Schwabedissen, 1952. 
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southwest, respectively.) The distribu¬ 
tion of the typical Campignian gives 
the impression, in fact, of a l 3 ridgehead 
attached to the English Channel (see 
the map of Nougier, 1950, p. 541, where 
the “Prae-Campignian*' has to be held 
in question). Moreover, the typical 
Campignian shows close affinities to the 
Mesolithic cultures of England in At¬ 
lantic times, in particular, the Lower 
Halstow group. 

The question of the age of the Carn- 
pignian is intimately linked with its ori¬ 
gins. If the typological and genetic con¬ 
nection with the northern forest cul¬ 
tures is taken for granted, one conse- 
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quently has to assume the beginning of 
the Atlantic period as a terminus post 
quern for the Campignian development, 
say, a date about the middle of the 
sixth or fifth millennium b.c.® On the 
other hand, the later stage of the Cam¬ 
pignian (the “Post-Campignian” of 
Nougier, 1950) shows admixtures of the 
“Western Neolithic*" (“Neolithic lacus- 
tre" or “Robenhausien,” of an anti¬ 
quated terminology still used by some 

6. 7’he niiclcllo of tho Atlantic period has 
been datt'd at 5500 and 2500 b.c. (Muntlie, 
J940) and 4600 and 1950 b.c. (florin, 1944) 
hv indirect correlation witli \ar\e .serit's. See 
also n. 2, p. 139. 




Westernmost Danubian 
Campignian of Northern France 
Greatest Density of Campignian sites 
Campignian sites in Belgium 


Approximate limits of loess 


Fig. 52.—Loess lands of northwestern Europe, showing Danubian and Campignian. (Afttrr 
Buttler, Destexhe-Jamotte, Hamal-Nandrin, and Nougier, with additions.) 
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authors) and ultimately merged with 
the latter, giving rise to some special 
technical facies. Thus the introduction 
of the ‘^Western Neolithic,” which has 
to be placed in the centuries around 
2000 B.C., provides us with a terminus 
ante quern. In Belgium the “Western 
Neolithic” is later than the Danubian. 
The Campignian’s being closely con¬ 
nected in time with the “Western Neo¬ 
lithic” but showing no marked influ¬ 
ences of the Danubian"^ prompts some 
Belgian prehistorians to place it into a 
supposed lag of time between the Da¬ 
nubian and the “W(‘steru Neolithic” 
(Destexhe-Jamotte, 1953; Philippe, 
1953). That might be true for Belgium, 
where the pure Campignian is very 
rare, but docs not exclude a greater, 
though as yet not exactly determined, 
age of the latter in the other parts of its 
area of distribution, namely, in north¬ 
western France, where the Danubian, 
for the most part, is very poorly repre¬ 
sented. Because of the general chrono¬ 
logical position of both cultures, a par¬ 
tial contemporaneousness of the Cam¬ 
pignian and Danubian seems highly 
probable, though it must be admitted 
that archeologically verified connections 
are extremely scanty and by no means 
cogent.* 

The Campignians are considered by 
many authors to be a plant-cultivating 
population even in the early stages of 
that civilization. An extreme theory re¬ 
gards them as “the first to put their seal 

7. However, one could ask whether several 
Campignian picks which, by their general 
shape and, in particular, by their cross-section 
(but not by technique and materiall), closely 
resemble the Danubian “shoe-last celts” (e.g., 
Nougier, 1950, Fig. 35) are not possibly signs 
which indicate that a foreign principle of form 
was taken over by indigenous workers using 
their old technique and accustomed material. 
A parallel may be demonstrated by “mace- 
heads” of Campignian tradition, which also 
seem to copy those of true Neolithic civiliza¬ 
tions by applying the inherited technique of 
chipping flint to the borrowed form (Nougier, 
1949, 1950). 


on the landscape, which is he:* 'j, 
'humanized,' . . . the founders oi ' ,, 
Western rural life, . . . the first peas i 
of the West” (Nougier, 1950, p. 5: ^ 

If this point of view is granted, one Ir;:. 
to assume that the Campignians w e: : 
the first to clear the forests on tlu 
French loess lands (there being no rea¬ 
sonable evidence that eventually these 
countries were not wooded in Atlantic 
times). No doubt, the Campignian stone 
tools were fitted to deal with trees and 
wood, though the polished ax is supe¬ 
rior to the chipped ax. 

If one takes the Mesolithic peoples of 
the northern woodlands who were 
hunter-collectors and fishers attached to 
the postglacial forest as the probable 
ancestors of the Campignian, at once 
the question rises whence the assumed 
peasant life of the “typical” Campi¬ 
gnian took its origins. Did those early 
Campignians themselves invent a food- 
producing culture of their own, or did 
they learn it from an already existing 
farming population with which they 
n.ay have been in contact? In the latter 
respect one might think of the Danu- 
bians, as do Stokar (1942, p. 11) and 
Coi beil (1949). 

But, first of all, we must ask whether 
the assumption of peasant life of the 
“typical” Campignians is really substan¬ 
tiated. Finds of some grinding stones 
and a few bones of dogs, cattle, and 
pigs form the only direct evidence. Even 
if the context with the “typical” Cam¬ 
pignian implements of the "sites in ques¬ 
tion is proved, that does not demon- 

8. Picks with a triangular and subtriangu- 
lar cross-section also turned up in some do¬ 
mestic sites of the Danubian and the “West¬ 
ern Neolithic” (Hamal-Nandrin and Servais, 
1928). A formidable pick has also been found 
at Koln-Lindenthal in a pit of the Later 
Danubian (Buttler and Haberey, 1936, PI. 
69, 14). However, this form occurs also in the 
“Western Neolithic” of Campignian tradition, 
though an overlap in time of the latter with 
the Danubian is as yet unproved but not un¬ 
reasonable, since these groups preferred dif¬ 
ferent soils. 
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strate that these “early” Campignians 
themselves practiced farming and stock- 
breeding. The findings are too sporadic 
to rule out the possibility, or evim prob¬ 
ability, that they belong to a relativ'ely 
late occurrence which already had un¬ 
dergone influences by penetration of 
true N(*olithic peasants. (The same is 
valid also for the whole qiu^stion of the 
Cainpignian ceramics. ) ISIoreover, i.so- 
lated finds of that kind, within a cul¬ 
ture that lived in the neighborhood of 
(or even overlapped spatially and 
chronologically) a w('ll-established 
farming population (such as the Da- 
nubians), can also be explained in 
terms of symbiosis and barter or like 
possibilities. 

Furthermore, it has been argued that 
a kind of indirect evidence is given by 
the predilection for loess soils, which, 
hy this theory, are regarded as open 
“prairies” inviting the early plant-culti¬ 
vators (Nougier, 1950). But that new 
infusion of the old theory of a natural 
late postglacial steppe heath (Steppen- 
hcidethcoric) is certainly not in con¬ 
formity with modern views of the vege- 
tational picture of postglacial, in par¬ 
ticular, “Atlantic,” Fiirope. Therefore 
we must ask ourselves whether the *‘typ- 
ical” Campignians were not a mere 
hunting and collecting population (as 
the people of the northern Mesolithic 
were*, too) who preferred the loess soils 
bcf'ai ise they supported a wooded coun¬ 
try of a kind that facilitated their ha¬ 
bitual way of life as hunter-collectors 
attac lipd to a like environment (Forde, 
1930; Philippe, 1953). 

Tims, the Campignian problem, 
thoiiLdi of no great direct value for our 
theme may stand here as a warning 
that oitf> must not conclude too much 
from g( iieral, though sometimes attrac¬ 
tive, vit'ws. Even though the ecologic 
conditions of an area are well explored, 
one cannot deduce the economy of its 
former inhabitants from a densely dot¬ 
ted distribution map. The economic 
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state of a prehistoric population can be 
establislied only by sufficient excava¬ 
tions (4' a kind still lacking for the 
French Campignian. To study the re¬ 
sult of man’s activities on the environ¬ 
ment, we first have to gain a sufficient 
conception of these activities them- 
selvt\s. Only then can w(' hope to under¬ 
stand what happcaied to a certain en- 
x'ironmeiit, even if thc‘re is no direct 
('\'idence. 

Pastoral Fanners’" of the Late 'Neolithic 
and Early Bronze Age: The Growth 
of the Heath 

Precious direct evidence for changes 
of the environment is provided by pol¬ 
len analwsis. An already vv^ell-known ex¬ 
ample is that of Neolithic Denmark, 
vvluae Iversen (1941) concluded that 
“(1) connected with settlement there 
was (‘xtensive forc'st-clearing; (2) trees 
were felled (by stone axe); (3) e.xten- 
sive scrubby pasture sprang up imrne- 
diatelv after forest-clearing; (4) burned 
areas wen‘ sown with cereals; (5) set¬ 
tlements were of short duration and 
areas were colonized as soon as the 
forest regenerated” (P., E., 1954, p. 9). 
It is th(? same general scheme which 
also coidcl be supposed for the Danu- 
bian. The Danubian example has been 
used here b('cause it is much older and, 
therefore, nearer to the origins of food 
production than the Neolithic of north- 
c'rn Germany and southern Scandina¬ 
via. However, in the “Northern Neo¬ 
lithic” cattle-breeding and grazing pres¬ 
sure played an important part in con¬ 
trast to the Danubian. Consequently, in 
the north, and especially on poorer, 
sandier soils, the temporary clearings of 
shifting agriculturi.sts quickly became 
more permanent than on the loess soils 
of Central Europe (Clark, 1952, p. 97). 
But the final breakdown of forest re¬ 
generation seems to have been com¬ 
pleted by the action of some late Neo¬ 
lithic populations. The.se exhibit so 
many common traits, in particular 
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(‘Oidrd \\ai(“ and battle-axes, that they 
are conveniently treated together as 
“Battle-a\” enltures, and their {'mer¬ 
gence is to be explainc'd by iininigratioii 
rather than by local differentiation. 
Ihc'ir distribution stretches from the 
Pontic steppe to western Germany. In 
la'ality, they fall into a series of local 
and regional groups, such as, for in¬ 
stance, the “Saxo-Thuringian Corded- 
ware” and the “St'patate Grave II” cul¬ 
tures of northern Cicainany arid Jutland. 
On the western fringes these—in partic¬ 
ular, the northern group—intermingled 
with the ‘'Bell-beaker” culture coming 
from the; Iberian Peninsula and formed, 
together w'ith interacting local sub¬ 
strata, the difieremt “Beaker” cultures of 
the Rhineland, the Netherlands, and 
England. These late Neolithic “melting 
pots” formed the foundations for the 
Bronze Age populations of the regions 
in epu'stion. Of course the ncw^ly ar- 
j’ivt;d techni(pR‘s of the Bronze Age 
transformc'd the picture of civilization, 
but in some regions it can be observed 
that the Bronze Age people erected 
principally the same great burial 
mounds, and their settlement is re¬ 
stricted to the same parts of the land as 
before (Marschall ct al., 1954; Beck, 
1951). 

Unfortunately, the different “Corded- 
w^arc” and “Beaker” cultures are better 
known from graves than from settle¬ 
ments, which renders more difficult the 
reconstruction of their economic sys¬ 
tems. Nevertheless, it can be supposed 
that stock-raising played so great a part 
that one may speak of “pastoral farm¬ 
ers” {Weidebauern; see Tackenberg, 
1953, 1954). On the other hand, it 
would be an unjustified exaggeration to 
speak of mere “nomadic herdsmen.” The 
cemeteries are too extensive to belong 
to nomads, and a sort of cultivation is 
proved by grain imprints on pottery 
(Childe, 1950{?). On the whole, the life 
of the “Battle-ax” people of Central Eu¬ 
rope seems to have been sedentary,* 


though shifting more (;asily lhai> u, .1 
other Neolithic groups and witii 
of its population leading thf; IH: 
licrdsmen. Because of like ciicu:: 
stances, wc may expect that the “Bat 
llc-ax” folk bred pigs only on a very 
small scale and preferred animals which 
were more easily driven, such as cattle, 
sheep, and horses. Bones and crania of 
horses turn up rather frequently among 
the grave goods, particularly in the 
youngc'r stages of that civilization. We 
may infer that “Battle-ax” people, as do 
most of the known horse-breeders, ob¬ 
served a c(‘rtain ritual attitude with ref¬ 
erence to the horse. Therefrom, we may 
deduce that they did not feed upon 
liorses (except for rare ritual purposes) 
and needed other beasts for substantial 
m(‘at provisions. Among most of the 
knowui horse-breeders, sheep play a 
great part in this respect. That is pre¬ 
cisely the situation which is revealed 
by some domestic sites of the “Battle- 
ax” culture in its eastern area of distri¬ 
bution and which, because of the great 
uniformity of some basic common traits 
of that culture, may serve as an analogy 
to the groups farther west. A marked 
predominance of sheep is shown, ex¬ 
ceeding the number of horses, oxen, 
goats, and the very few pigs. 

Many groups of the “Battle-ax” cul¬ 
ture preferred the poorer and sandier 
soils less favorable for agriculture than 
the loess of Central Europe or the 
}'oiingcr moraines of the north (Fig. 
53). The great expansion of the “Bat- 
lle-ax” culture occurred in a time of 
slightly more humid climate, within the 
generally drier subboreal period of the 
postglacial (Overbeck, 1939, 1950). 

These soils were less densely wooded, 
but, nevertheless, clearings were neces- 

9. Great rectangular buildings at Succase 
and Tolkemit (West Prussia) point in the 
same direction (Ehrlich, 1936) but are per¬ 
haps to be ascribed to the interaction of an 
older substratum of the local mixed culture 
( Haff-KUsten-KuUur ). 
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sary to prepare the ground for agricul¬ 
ture and pasture. Though the exact 
method is not know n, we may suppose, 
on the basis of the known general tech¬ 
nical level of the late Neolithic popula¬ 
tions, that fire played an important part 
in their activities. The process of mak- 
ing permanent tlie temporary clearings 
was doubtless enhanced by the dep¬ 
redations of grazing animals of the 
“Battle-ax” culture to a higher degree 
than among the Danubians. Sheep, if 
locally concentrated, can provide a 
grazing pressure which exceeds even 
that of cattle. 



Fic. 53.—Soils and Neolithic sites in the 
nortliern Rhineland, showing “corded ware” 
and “Rlienish beakers,” (After Tackenberg 
and Miickenliausen, simplified.) 

“Corded-ware~Battle-ax” people pen- 
(trated into northern Germany and 
southern Scandinavia earlier than into 
the western margins of the great “Bat¬ 
tle-ax” province. Perhaps this may ex¬ 
plain the observation that, in Jutland, 
Schleswig-Holstein, and northwestern 
Gennany, clearance and depredation al¬ 
ready during Neolithic time seem to 
have outstripped the capacity of the 
forests to regenerate themselves, where¬ 
as in parts of the Netherlands and the 
Rhineland this occurred only at the be¬ 
ginning of the Bronze Age (Shwantes, 
1939; Giffen, 1930; Marschall et al.. 
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1954; Clark, 1952),^^* The heath has 
occupied great areas as a result of the 
activities of man, who, by extensive 
stock-raising and, eventually also, by 
intentional burning off the shrubs and 
seedlings, prevented the regeneration of 
the forests. 

CONCLUSIONS AND PERSPECnVE 

The scarcity of evidence available to¬ 
day makes it very dangerous to infer 
too much from those examples which 
tell us the story of man’s changing the 
face of the earth. Nevertheless, one may 
state that the research of the last two 
decades has shown that the early food- 
producers of the Neolithic practiced 
clearing on far greater a scale than had 
been hitherto believed. On the other 
hand, one has to be careful not to 
exaggerate this result. Neolithic man, 
too, went the way of less resistance, 
and there were obstacles which he did 
not overcome. There are regions, even 
some of fertile and easily w'orkable soil, 
which prehistoric man apparently 
avoided. The small country called 
“Bergisches Land,” which lies east of 
the Rhine between the Ruhr and the 
Sieg, on the windw^ard side of a moun¬ 
tain range and, at least in times of pre¬ 
vailing western winds, was always more 
humid and densely wooded than its 
counterparts west of the Rhine, was not 
occupied by the Danubians. Only in the 
beginning of the somewhat drier sub- 
boreal period did it have scanty traces 
of settlement. The late Neolithic “3at- 
tle-ax” and “Beaker” cultures also 
avoided this region, except for a small 
western margin, and it remained unoc¬ 
cupied until the period of great clear- 

10. In the latter areas the Neolithic burial 
mounds were made of sand, whereas those of 
the Bronze Age were commonly built from 
heath sods. Bronze Age finds are relatively 
rare in the Rhineland, but, as yet, it cannot 
be decided whether this is due to progressive 
deterioration of the habitat caused by a not 
markedly nomadic pastoralism. (See also Dar¬ 
ling, p. 780.) 
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ances in the Middle Ages (Marschall 
et al., 1954; Uslar, 1950-51). 

Moreover, it seems that some of the 
observable changes of the envlTonment 
are but partially due to the activities of 
man, who, in some cases, only furthered 
the effects of an ecologic crisis. Such 
may be the case for the forest fires of 
the late Aller0d, which were followed 
by the reintroduction of tundra during 
the drier and colder Later Dryas 
period. This must not be overlooked 
evtm in the case of the well-known 
clearances at the beginning of the 
“Northern Neolithic,” which coincide 
with the commencement of the some¬ 
what drier subboreal period and the re¬ 
treat of the mixed-oak forest. Man’s 
action in that case seems to have been 
furthered by environmental changes 
through forces independent of man, 
who, nevertheless, profited thc*reby. 

All this is apt to inhibit our making 
general deductions about the historic 
process. But the above examples allow 
us to make some conclusions on the 
archeological work that is ncx'ded to ex¬ 
plore that process. Splendid results have 
been obtained where the basic economy 
of a culture is known and the original 
environment, as well as its changes 
caused by man, are verified by pollen 
analysis or like methods (e.g., Iverson’s 
research [1941] into the “Northern 
N(»olithic”). Where the economy of a 


culture (e.g., the Danubian) is ^ 
by sufficient excavations of donit vi . 
sites and the environment can be w- 
constnicted in its general traits, Vvc eaii 
also infer the changes which may havt' 
occurred. Where the economy can b(' 
deduced only from grave goods (e.g., 
Western battle-ax groups), the results 
are less assured. But even approximate 
conclusions are quite impossible if the 
economy of a culture (e.g., Campi- 
gniaii) cannot be identified with suffi¬ 
cient assurance. 

To be sure, there is another condition 
besides the demand for carefully exca¬ 
vated domestic sites, namely, a well- 
dc'fined distribution of the culture in 
question, expressed in densely dotted 
maps. Only this can give exact informa¬ 
tion on the relations between archeo- 
logically explored complexes and the 
geographical and environmental factors. 
But this aim can hardly be fulfilled by 
archeological expeditions only. Co¬ 
operation of local inhabitants with 
archeologists is required, and this, in 
tuin, calls for a certain degree of educa¬ 
tion and consciousness of, and fondness 
for, the history of one’s own country 
and people. For this re*ason we remain 
skeptical about the quick growth in our 
knowledge of just those regions which 
are especially interesting because they 
are the supposed cradle or cradles of 
origin of food production. 
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Thp n\(lr<tii\'ip C'n ilizdtions 

KARL A. W IT'JLOGEL'’ 


THE HYDRAULIC AND THE 
URBAN IlEV^OI.XJnON 

A great deal has recently been said 
about the “urban revolution”—a process 
of differentiation that split an originally 
village-centered agrarian society into 
an urban and a rural sector: town and 
village. The distinction between town 
and village considerably interested cer¬ 
tain classical economists (Smith, 1937, 
pp. 373 ff.), including Marx (1953, pp. 
381, 382 ff.; 1919, 1, 317; 111, Part 1, 
318). Properly employed, it opens up 
important sociohistorical vistas. 

However, those who use it today, 
either as part of a general developmen¬ 
tal scheme or as a means for juxtapos¬ 
ing urban and rural (“folk”) culture, 
tend to disregard two essential method¬ 
ological precautions. Stress on the revo¬ 
lutionary character of the rise of the 
town one-sidedly accents what at the 
most is only one among several features 
of cultural change. For instance, Childe, 
who is eager to accustom his readers to 
the idea of revolution (1952, p. 19), 
thus promotes historical views that are 
highly problematic. And bis unqualified 
emphasis on urbanization as a develop- 
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niciitul Luiitiire bulwarks the thesis of a 
general evolution in agrarian civiliza¬ 
tion that is manifestly false. This thesis, 
which culminates in the concept of a 
unilinear and necessarily progressive 
development of society, clearly contra¬ 
dicts the facts of history. It also contra¬ 
dicts the views of the classical econo¬ 
mists, who with varying consistency 
rc'cogni/.ecl tliut tljt‘ higher agrarian civ¬ 
ilizations of thi' “Orient” and their 
urban and rural conditions followed a 
pattern of development decidedly un¬ 
like that of the West. 

A juxtaposition of rural and urban in- 
.stitutions will promote our analysis of 
agrarian history to the extent to which 
we realize that there are at least two 
major types of rural-urban agrarian civi¬ 
lizations—hydraulic and non-hydraulic 
—and that the primitive farmers who 
started on an agrohydraulic course ini- 
tiatexl a revolution that, structurally and 
for a whole epoch, split the higher civi¬ 
lizations into two different parts. Prior 
to the urban revolution and with ex¬ 
traordinary consequences, the fate of 
agricultural man was profoundly shaped 
by what may be suitably called the “hy- 
draulfc revolution.” 

ATAJOR EFFECTS OF THE HY¬ 
DRAULIC REVOLUTION 

Hydraulic Agriculture 

The peculiarities of agrohydraulic 
civilization become apparent as soon as 
we realize the role that the management 
of water has played in the subsistence 
economy of certain agrarian societies. 
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To be sure, water is no more essential 
to agriculture than several other basic 
factors, such as temperature, the lay of 
the land, the fertility of the soil, and the 
character of the cultivable plants. But 
water is specific in that, among the 
inanipulalive essentials, it is the only 
element which tends to agglomerate in 
luilk (VVittlf)n;(^], 195(1 chap. ii). In its 
agriculturally most precious occurrence 
—as the water of rivers and large 
streams in arid or semiarid regions—it 
therefore defied the small-scale ap¬ 
proach which, under preindiistrial con¬ 
ditions, was so effective in the treatment 
of soil and plants. In order to bring fer¬ 
tility to large water-deficient areas by 
the management of substantial sources 
of water supply, man had to create 
large-scale enterprises that usually were 
operated by the government. The emer¬ 
gence of big productive water works 
(for irrigation) was frequently accom¬ 
panied by the emergence of big prott'c - 
tive water works (for flood control), 
and at times the latter even surpassed 
the former in magnitude and urgency. 
I suggest that this type of agrarian 
c'conomy be called “hydraulic agricul¬ 
ture” to distinguish it from rainfall farm¬ 
ing and hydroagriculture. 

It is customary to apply the term 
“rainfall agriculture” to a situation in 
which a favorable climate permits cul¬ 
tivation on the basis of natural precipi¬ 
tation. The term “hydroagriculture” 
may be applied to a situation in which 
the members of a farmmg community 
resort to irrigation but, because of the 
scarcity and fragmentation of the avail¬ 
able moisture, to irrigation on a small 
scale only. The term ‘^lydraulic agricul¬ 
ture” may be applied to a situation in 
which the dimension of the available 
water supply leads to the creation of 
large productive and protective water 
works that are managed by the govern- 
incmt. 


Institutional Essence of Hydraulic 

Civilization 

Irrigation was practiced in parts of 
Greece to compensate for the deficien¬ 
cies of a semiarid climate and in Japan 
for the cultivation of an aquatic plant- 
rice. But in both countries a broken 
terrain permitted the growth of only 
small irrigation works, which could be 
handled without government direction. 
This fact has had far-reaching socio- 
historical consequences. Japan estab¬ 
lished a simple variant of the same 
feudal society which, in a more complex 
form, emerged in medieval Europe 
(W^ittfogel, 1956, chap. x). And Grec'ce*, 
prior to the Hellenistic period, de¬ 
veloped aristocratic and democratic 
ways of life. In each case hydroagricul¬ 
ture encouraged the evolution of a mul- 
ticentered society, an institutional con¬ 
formation that assumed great signif¬ 
icance in the rainfall-based civilizations 
of feudal Europe. 

The contrast between this develop¬ 
ment and that of the agrohydraulic 
world is striking. Where agriculture re¬ 
quired substantial and centralized 
works of watcir control, the representa¬ 
tives of the government monopolized 
political power and societal leadership, 
and they dominated their country's 
economy. By preventing the growth of 
strong competitive forces, such as a 
feudal knighthood, an autonomous 
church, or self-governing guild cities, 
they were able to make themselves the 
.sole masters of their society. It is this 
combination of a hydraulic agriculture, 
a hydraulic government, and a single- 
centered society that constitutes the in¬ 
stitutional essence of hydraulic civiliza¬ 
tion. 

Differentiations 

Within the orbit of hydraulic civiliza¬ 
tion immense cultural differences occur; 
but this essay cannot elaborate on them. 
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An inquiry dealing with wan s impact 
upon his natural environment may con¬ 
tent itself with discussing certain sub¬ 
divisions of the general institutional 
order that concern this man-nature rela¬ 
tion. 

Development in political structure is 
most consequential when the primitive 
governments of hydraulic tribes, man¬ 
aged largely by part-time functionaries, 
evolve into statelike organizations, man¬ 
aged by a body of full-time officials. 
The hydraulic state provides more com¬ 
prehensive opportunities for imposing 
hydraulic installations u 2 -)on the natural 
environment, but it also gives the men 
of the state apparatus the opportunity 
to neglect water works which will bene¬ 
fit the people, in order to build huge 
palaces and tombs and process precious 
organic and inorganic materials which 
will benefit the rulers. 

Development in the patterns of prop¬ 
erty may lead from a predominance of 
state control over land and over profes¬ 
sional handicraft and trade (simple hy¬ 
draulic society) to a configuration in 
which mobile property in industry and 
trade is largely private, while land re¬ 
mains government controlled (semi¬ 
complex hydraulic society), or to a con¬ 
figuration in which private property in 
land is also widespread (complex hy¬ 
draulic society). The rise of a semicom¬ 
plex hydraulic order tends to differen¬ 
tiate the individual producer’s interac¬ 
tion with nature; and it furthers the 
processes of locomotion which over¬ 
come difficulties of space and terrain. 
The rise of private property in land 
(tenancy as well as ownership) tends to 
simulate careful agriculture. The inten¬ 
sive fanners of the ancient Near East 
were mainly tenants of public (state 
and temple) lands or of private estates. 
In China the transition to private land- 
ownership evoked the comment that the 
peasants worked less carefully on the 
public fields than on their own land 
(Lii, 1936, ch. 17). Chinese peasant 


farming, which for over two thousand 
years has been based on private proper- 
tv of land, represents perhaps the most 
advanced form of intensive agriculture 
prior to the machine age. 

Development in the spatial expansion 
of the hydraulic state is equally conse¬ 
quential. It is a historical fact that cer¬ 
tain non-bydraulic constructional pat¬ 
terns and the major organizational and 
acquisitive j^atterns of hvdraulic (“Ori¬ 
ental”) despotism advanced far beyond 
the area of hydraulic economy proper. 
In “loose” hydraulic civilizations, such 
as China, India, and pre-Spanish Mexi¬ 
co, the monopolistic state apparatus 
controlled wide areas that had no com¬ 
prehensive water works and in some 
cases not even small-scale irrigation. 

This aspect was readily accepted by 
earlier analysts of “Asiatic” society, 
from the classical economists to Max 
Weber. But little effort has been made 
to explain the underlying mechanics of 
power. Still less analytic attention has 
}3ecn given to the fact that, either 
through a breakoff from a hydraulic 
regime proper (later Byzantium) or 
through institutional transfer (Mongol 
and post-Mongol Russia and probably 
Maya society), there may be govern¬ 
ments which fulfil few or no agrohy- 
draulic functions but which utilize the 
organizational methods of hydraulic 
despotism (such as record-keeping, 
census-taking, centralized armies, a 
state system of post and intelligence) 
as well as its acquisitive methods ( such 
as general labor service, general and 
hedvy taxation, and perioic confisca¬ 
tions) and its legal and political meth¬ 
ods (such as fragmentative laws of in¬ 
heritance and the suppression of inde¬ 
pendent political organizations) to keep 
private property weak and the non- 
bureaucratic forces of society politically 
impotent. 

In fact, so strong were the devices of 
hydraulic statecraft and social control 
that they operated successfully in “mar- 
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ginal’* areas without those large-scale 
water works which persisted in the hy¬ 
draulic core areas and which apparent¬ 
ly were an essential feature in the gene¬ 
sis of all historically relevant agrarian 
monopoly despotisms. From the stand¬ 
point of man’s relation to man, the in¬ 
stitutional periphery of the hydraulic 
world has been important in that it 
enormously widened the range of this 
despotic order. From the standpoint of 
man’s relation to nature, it has been 
important in that, like the hydraulic 
core area, it frustrated the development 
of a big mechanized industry—-the 
most profound recent change in man’s 
attitude toward his natural environ¬ 
ment. 

MAN AND NATURE IN HYDRAUTIC 
CIVIElZA'nON 

Having considered the institutional 
setting of hydraulic civilization, we are 
now ready to contemplate more closely 
the specific relations h(‘tweeu man and 
nature within it. These relations involve 
a peculiar system of mass labor in one 
segment of the economic order and a 
peculiar system of intensive work in 
another. 

Government-directed Preparatory Oper¬ 
ations: Division of Labor and Co¬ 
operation, Bureaucracy, Aslronomical 
and Mathematical Sciences 
Hydraulic civilization came into be¬ 
ing not through a technological but 
through an organizational revolution. 
Its rise necessitated the establishment 
of a new system of division of labor and 
co-operation. 

Economic historians, when dealing 
with this matter, frequently assert that 
until recent times agriculture, in con¬ 
trast to industry, involved little division 
of labor and no significant co-operation 
( Seligman, 1914, p. 350; Sombart, 1927, 
II, 825 £F.; Marshall, 1946, p. 290; for 
pioneer formulations see Smith, 1937, 
p. 6; and Marx, 1919, I, 300, 322 ff.). By 


and large, this view is justified with 
regard to the conditions of non-hy¬ 
draulic farming. But it does not fit the 
operational pattern of hydraulic agri¬ 
culture. A major separation between 
“preparatory labor” (for this term see 
Mill, 1909, p. 31) and production proper 
is held to have occurred first in the in¬ 
dustrial revolution. Actually, it took 
place much earlier and on an enormous 
scale in the hydraulic revolution. 

Comprehensive preparatory activities 
were necessary to make cultivation 
either possible (in arid areas) or safe 
and rewarding (in semiarid areas) or 
specific (in humid areas suitable for the 
growth of aquatic plants, such as rice 
and wet taro). The difference between 
this type of preparatory labor and the 
preparatory labor employed in modern 
industry is obvious. In industry pre¬ 
paratory labor provide.': the ultimate 
producer with raw material, with auxil¬ 
iary material (e.g., coal for fuel and oil 
for lubrication), and also with special 
tools (machinery). In hydraulic econ¬ 
omy preparatory labor consisted essen¬ 
tially in the gathering, conducting, and 
distributing of one auxiliary material- 
water. In modern industry the workers 
who engage in preparatory activities, 
such as mining, the making of machin¬ 
ery, etc., tend to work full time at their 
various jobs. In agrohydraulic economy 
division of labor proceeded diflFerently. 
The great mass of the men who made 
and maintained the canals and dikes 
and who watched for floods did not do 
so full time and for the greater part of 
the year but part time and for as short 
a period as possible. In their overwhelm¬ 
ing majority they were farmers, and the 
very authorities who mobilized them 
for hydraulic and other corvSe duties 
wc're eager to have them return in good 
time to their villages to attend properly 
to the cultivation of their fields. 

Thus, like modern industry, hydrau¬ 
lic agriculture involves significant divi¬ 
sion of labor; but, unlike modern indiis- 
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try, it involves no significant division of 
laborers. And while the organizers of 
preparatory work in industry^ endeavor 
to achieve their purpose with as small 
a labor force as possible the organizers 
of the hydrauJic corvee are interested in 
mobilizing as largo a labor force as cir¬ 
cumstances permit. 

In hydraulic tribes, such as the Svik 
and Chagga of East Africa and the 
Pueblo Indians of New Mexico, all able- 
bodied males participated as a matter 
of course in the ditch work. In small, 
state-centered hydraulic civilizations, 
such as Bali and the ('arly Mesopotami¬ 
an and Indian city-states, the same mo¬ 
bilization pattern seems to have been 
customary (Wittfogel, 1956, chap. ii). A 
list of canal workers in ancient Lagash 
includes one corviable person from each 
commoner family (Schneider, 1920, pp. 
108 ff.). In an irrigation conflict which, 
according to a pious legend, led to the 
Buddha’s personal interference, the 
v\'hole laboring population of the towns 
involved is said to have engaged in the 
hydraulic work (Anonymous, n.d., Jafa- 
kam, p. 441). Even clusters of territorial 
states may, at times, have gathered their 
combined populations to execute a big 
hydraulic task. This appears to have 
been the case in the Mexican federation 
prior to the arrival of the Spaniards. 
And it may have been a recurring trend 
in countries such as Egypt, where all 
villages depended on one huge source 
of irrigation water and where, therefore, 
their labor forces could be called up, 
either simultaneously or in shifts, to dig, 
dam, and watch for floods (Wittfogel, 
1956, chap. ii). 

In larger hydraulic civilizations vary¬ 
ing regional conditions suggested vary- 
ing patterns of state-directed corvSe 
labor, but its mass character remained 
unchanged. The underlying mobiliza¬ 
tion principle is drastically formulated 
by a historian of Mogul economy. Pant 
(1930, p. 70): “The King by his firman 
(order) could collect any number of 
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men he liked. There was no limit to his 
massing of labourers, save the number 
of people in his Empire,*' Pant was 
speaking of Mogul India, but his state¬ 
ment is valid for all analogous periods 
and countries. In hydraulic economy 
man extended his power over the arid, 
the semiarid, and certain humid parts 
of the globe through a government-di¬ 
rected division of labor and a mode of 
co-operation not practiced in agrarian 
civilizations of the non-hydraulic type. 

The development of such a work 
pattern mc'ant more than the agglomer¬ 
ation of large numbers of men. To have 
many persons co-operate periodically 
and effectively, there had to bo plan¬ 
ning, record-keeping, communication, 
and supervision. There had to be organ¬ 
ization in depth. And above the tribal 
level this involved permanent offices 
and officials to man them—bureaucrats. 

Of course, there were scribes in the 
city-states of ancient Greece and Rome 
and on the manorial estates, at the 
courts, and in the church centers of 
medieval Europe. But there was no na¬ 
tional managerial network. In the great 
Oriental civilizations a hydraulic bu¬ 
reaucracy (W asserhau-Bureaiikratie 
[Weber, 1921—22, p. 117]) emerged to¬ 
gether with the new type of organization 
in depth. 

It was in these same Oriental (hy¬ 
draulic) civilizations that man, in seek¬ 
ing a more rational approach to nature, 
laid the foundations for several sci¬ 
ences: astronomy, algebra, and geom¬ 
etry. Significantly, Greek mathematics 
ahd astronomy drew their early inspira¬ 
tion from the Oriental Near East, and 
they reached their climax under Euclid, 
Heron, and Ptolemy, not in Greece, but 
in one of the foremost centers of hy¬ 
draulic culture—Egypt (Wittfogel, 1931, 

p. 682). 

To be sure, neither the bureaucratic 
nor the scientific possibilities of hy¬ 
draulic civilization were always ex¬ 
hausted. Some simpler hydraulic civili- 
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Zillions did not iidvanci' fur. But the 
major hydraulic centers created elabo¬ 
rate administrations, and their astro¬ 
nomical and mathematical accomplish¬ 
ments were impressive. Thus any at¬ 
tempt to define hydraulic man’s relation 
to nature must also consider the organi¬ 
zational (bureaucratic) and the scien¬ 
tific aspects of hydraulic economy. 

Irrigation Farming nith Intensive 

Labor and Special Operations 

of Tillage 

Government management of the great 
hydraulic works is supplemented by in¬ 
tensive farming based on irrigation. As 
stated above, irrigation farming also 
occurs in certain iion-hydraulic socie¬ 
ties, and to this extent the subsequent 
statements have validity beyond the 
borders of hydraulic civilization. But, 
while irrigation farming occurs occa¬ 
sionally in the iion-hydraulic agricul¬ 
tural world, it is essential in the core 
areas of hydraulic civilization. 

Lrigation demands a treatment of 
soil and water that is not customary in 
rainfall farming. The typical irrigation 
peasant has (1) to dig and re-dig 
ditches and furrows; (2) to terrace the 
land if it is uneven; (3) to raise the 
moisture if the level of the water supply 
is below the surface of the fields; and 
(4) to regulate the flow of the water 
from the source to the goal, directing 
its ultimate application to the crop. 
Tasks (1) and (4) are essential to all 
irrigation farming proper (inundation 
farming requires damming rather than 
ditching). Task (3) is also a frequent 
one, for, except at the time of high 
floods, the level of water tends to lie 
below that of the eultivated fields. 

The type and amount of work in¬ 
volved in these operations become clear 
when we contrast the labor budget of 
an Oriental irrigation farmer with that 
of a rainfall farmer of medieval Europe. 
The medieval peasant usually plowed 
his field once or twice, then he sowed 


(Parain, 1942, p. 142; cf. Maitland, 
1921, pp. 398 ff.; Lamprecht, 1886, p. 
557), and he harvested his crop at tlie 
end of the season. As a rule he spent 
no time watering. 

The irrigation farmer, who, of course, 
plows, sows, and harvests, is in addition 
burdened with a number of other 
chores. In regions like Egypt, which de¬ 
pended mainly on inundation, these 
activities were insignificant, yet such 
regions were' not very numerous. In 
others, such as ancient Mesopotamia, 
inundation was supplemented by canal 
irrigation. In this case a considerable 
amount of time was devoted to the 
watering of the fields (Meissner, 1920, 
pp. 192, 194). In modern India the hus¬ 
bandmen of a Punjab village spend 
much time irrigating their crops, wheat 
receiving three to four waterings in 
January, February, and March during 
more than twenty days. This work 
period is the most time-consuming item 
listed in the year’s agricultural calendar 
(Singh, 1928, pp. 33-36, 38). Sugar cane 
is an old Indian crop, requiring a great 
deal of water. In certain Deccan vil¬ 
lages favoring its cultivation, the total 
cost of plowing, harrowing, planting, 
harvesting, and related operations is 
about 97 rupees as against 157 rupees 
for watering (Mann and Kanitkar, 1920, 
p. 86). In a South Gujarat village, 
studied by Mukhtyar (1930, p. 96), 
watering is by far the heaviest expense 
item in the labor budget of the grower 
of sugar cane. 

Concerning Chinese traditional irriga¬ 
tion economy. Buck has provided us 
with valuable numerical data. In 1923, 
152 farms in Pinghsiang (in present Ho¬ 
peh Province) grew wheat as their 
main crop. Of the time devoted to this 
crop, the peasant spent 10.2 per cent in 
plowing, 1.7 per cent in harrowing, 9.2 
per cent in harvesting, or altogether 21.1 
per cent, as against 58.5 per cent in irri¬ 
gating (Buck, 1930, p. 306). In 1924 
two groups of farmers in Kiangsu Prov- 
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ince spent 21 and 25.1 per cent, respec¬ 
tively, in plowing, harrowing, and har¬ 
vesting thour main rice crop, ns against 
IS.l and 39.6 per cent in its irrigation 
{ibid., p, 310). As may he expected, the 
labor budgets show great variation in 
detail, but they all reveal that the 
amount of work involved in watering 
operations is commonly far in excess of 
the combined oj 3 eia(ions ol a non-irri¬ 
gation farmer. 

Kepcated preparatory tillage—plow¬ 
ing or hoeing—was also undertaken by 
the rainfall farmers of feudal Europe 
(Cole and Mathews, 1938, pp. 324ff.). 
But it was primarily on the manorial 
domain that the fields were “worked” 
three or four tim(\s, while the “poor 
jieasants could often only work their 
land once to the detriment of the yield” 
(Parain, 1942, p, 141; cf. Lamprecht, 
1886, p. 557). 

Except for some cutting of thistles 
(Parain, 1942, pp. 144 ff.; Kulischer, 
1928, p. 160), intertillage was then, as 
now, technically impossible for grain 
crops, because, under conditions of 
rainfall farming, these “can be grown 
satisfactorily and most economically by 
planting them in solid stands so that 
they cover all the ground equally.” As a 
rule, they arc today “given no tillage 
while they are growing” (Cole and 
Mathews, 1938, p. 327). 

Plants grown in rows are easily ap¬ 
proached and easily cultivated. But the 
most important of the?se, corn and po¬ 
tatoes, appeared in Europe only after 
the discovery of America, and even 
after th(‘ sixteenth century their eco¬ 
nomic importance remained definitely 
secondary to that of the cereals. In the 
West the modern dry farmer still hesi¬ 
tates to cultivate grain crops in rows. 
After an early harrowing he frequently 
lets nature fake its course (Widtsoe, 
1913, pp. 163 ff.). 

Irrigation agriculture requires a row¬ 
like arrangement of the seeds not only 
for crops such as corn and potatoes but 


also for cereals. Plants can be watered 
by ditches only if proper space for the 
distributing furrows is provided. The 
layout of tile fields differs in accordance 
with economic experience, crops, and 
terrain, but all patterns aim at making 
tlic plants accessible to the irrigation 
farmer, who may work the soil and the 
crop as thoroughly as he wishes. 

Intensive techniques are not limited 
to the period between sowing and har¬ 
vesting. Frequently the soil is plowed 
or harrowed several times before the 
sowing. Nor arc tli(\sc techniques lim¬ 
ited to the fields for which irrigation 
water is available. In semiarid areas 
(under conditions of full aridity culti¬ 
vation ends where the water supply 
ends) the farmers are eager to grow not 
only crops which they can water but 
also croj^s which may mature without 
the benefit of irrigation. 

Chinese farmers in the province of 
Kiangsu who had sufficient water for 
two main crops only, rice and veg¬ 
etables, used to grow wheat and barley 
without irrigation. However, they 
treated the last two as intensively as the 
first two. Of all labor devoted to wheat, 
intertillage accounted for over 20 per 
cent; in the case of barley, it accounted 
for almost 33 per cent; and in the case 
of kaoliang, which in some parts of 
Hopeh is grown without irrigation, it 
accounted for more than 40 per cent 
(Buck, 1930, p. 306). 

In India certain Deccan villages grow 
their main cereal crop, bafri, also with¬ 
out irrigation. But, like the irrigated 
cereals, it is planted in rows and inten¬ 
sively cultivated. It gets one plowing 
and four harrowings before sowing and 
further treatment after sowing (Mann 
and Kanitkar, 1920, pp. 72 ff.). 

The good Aztec farmer made beds 
for his corn, pulverized the soil, and 
kept his crop free of weeds (Sahagun, 
1938, p. 39). He irrigated whenever this 
was possible, but he obviously was ex¬ 
pected to farm intensively under any 
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circumstances. The Mayan peasants of 
Yucatan, who did not water their crops, 
weeded them as carefully as did the in- 
liabitants of the highland regions in 
which irrigation farming was custom¬ 
ary. 

Thus, as the political patterns of hy¬ 
draulic civilization spread far beyond 
the areas of hydraulic economy, so the 
techniques of irrigation farming spread 
far beyond the irrigated fields. These 
tcx'hniques established an agronomical 
relation among man, soil, and plants 
that, in terms of a given amount of 
land, was much more rewarding than 
the agriculture of preindustrial Europe. 
Early in the twentieth century a Euro¬ 
pean agronomist found the Indian peas¬ 
ants, who by and large followed their 
traditional pattern of cultivation, quite 
as good as the average modern British 
farmer and in some respects better 
(Anonymous, 1909, p. 6). The father of 
organic chemistry, Justus von Liebig, in 
comparing nineteenth-century German 
agriculture with contemporary Chinese 
farming, viewed the former as the pro¬ 
cedure of “a child compared to that of 
a mature and experienced man” (Lie¬ 
big, 1878, p. 453). 

Demographic Consequences 

In some ways Liebig’s statement 
touches upon problems that lie outside 
the concern of the biochemist. But he 
was quite right in noting the greater 
refinement—and better results—of hy¬ 
draulic agriculture as practiced in 
China. Whatever its deficiencies, this 
method of farming produced great 
quantities of food on a given acreage, 
and it permitted the individual peasant 
to support his family on a very small 
farmstead. For this reason the areas of 
intensive hydraulic farming came to 
support extremely dense populations. 

In preconquest America relatively 
small hydraulic regions comprised 
about 75 per cent of America's total 
population (Kroeber, 1939, p. 166; Ro- 


senblat, 1945, pp. 188 ff., 202 ff.; Kub- 
ler, 1946, p. 339; for a considerably 
higher estimate of the population of the 
Inca Empire see Rowe, 1946, p. 185). 
Beloch's classical estimates (1886, p. 
507) for the time of Augustus assume 
a much greater density for the Asian 
provinces of the Roman Empire (thirty 
persons per square kilometer) than for 
the European provinces (ten persons 
per square kilometer). The contrast be¬ 
comes even more spectacular when we 
juxtapose his figures for Augustan 
Greece (eleven) and Italy (twenty- 
four) with those of Egypt (one hun¬ 
dred and seventy-nine). More recent 
studies (Premerstein, 1936, p. 56; Ros- 
tovtzeff, 1941, II, 1138; III, 1605) sug¬ 
gest a still higher figure for Egypt, 
namely, about two hundred and eighty 
persons per square kilometer. 

The population distribution in con¬ 
temporary Han China was not unlike 
that of the Roman Empire. The old 
Chinese territories of the north seem to 
have been as densely populated as 
Rome’s eastern provinces, while the hy¬ 
draulic core areas of the Han world 
showed demographic trends similar to 
those of their western counterparts, 
Egypt and Babylonia (Lao, 1935, pp. 
216 ff.). 

The dimension of the Oriental cities 
expresses both the productivity of hy¬ 
draulic agriculture and the acquisitive 
power of its administrative centers. 
While, in classical days, Athens may 
have had 120,000 inhabitants, Corinth 
70,000, and the majority of all Greek 
cities between 5,000 and 10,000 persons 
(Beloch, 1886, p. 478), Hellenistic Eph¬ 
esus may have harbored 225,000 people 
(ibid., p. 231), Antioch 500,000 {ibid,, 
p. 479; Kahrstedt, 1924, p. 663; Ros- 
tovtzeff, 1941,1, 498), Seleuceia 600,000 
( Beloch, 1886, p. 479; Rostovtzeff, 1941, 
I, 498; II, 1140), and Alexandria at the 
end of the Hellenistic period the same 
number (Rostovtzeff, 1941, II, 1139 
ff.). The recently published "gerusia 
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acts” lead Rostovtzeff (ibid., p. 1139; 
cf. Preiri(‘rstt'in, 19o6, p. 5f>» to con¬ 
clude that for A.D. 37 the total popula¬ 
tion of the Egyptian capital “must be 
estimated at one million at least 
It is also illuminating to compare 
these Bgures with estimates for metro¬ 
politan populations in pre-Spanish 
America and feudal Europe. Prevailing 
expert opinion credits Cuzco with 200,- 
000 and Mexico City with 300,000 in¬ 
habitants (Kosenblat, 1945, pp. 205, 
191). Some cities of Moorish Spain may 
have housed several hundred thousand 
persons, and the capital, Cordova, at its 
peak, a million (Wittfoijjel, 1956, chap, 
vi; cf. also al-Makkari, 1840, pp. 214 flF.). 
In contrast, in the fourteenth century 
the most populous city north of the 
Alps seems to have had 35,000 inhab¬ 
itants (l.ondon), while other major 
English cities comprised 11,000 (York), 
9,500 (Bristol), or between 7,000 and 
5,000 persons (Rogers, 1884, p. 117). 
At the beginning of the fifteenth cen¬ 
tury the foremost city of the Hanseatic 
League, I .iibeck, had 22,300 inhabitants 
and Frankfurt 10,000. Other big Ger¬ 
man towns of this century sheltered be¬ 
tween 20,000 and 10,000 persons, Leip¬ 
zig 4,000 and Dresden 3,200 (Buchner, 
1922, p. 382). 


Ik* hesitated to press his findings, huv 
he stated that, if his higher figures were 
used, “the total would be over 600 mil¬ 
lion” (1937, p. 363). The first census 
taken by the new Communist govern¬ 
ment claims a total mainland popula¬ 
tion of almost 600 million persons. 

Much more could be said on this sub¬ 
ject. But the just-cited data fit with our 
other information on Oricmtal demog¬ 
raphy. Obviously, the hydraulic way of 
life permitted an accumulation of rural 
and urban populations which, though 
paralleled in a few non-hydraulic terri¬ 
tories of small-scale irrigation, such as 
Japan, has not been matched by the 
higher agrarian civilizations based on 
rainfall farming. 

DJMI.NSIONS OF HYDR.AULIC CIVILIZATION 
IN TIME, SPACE, AND MANPOWER 

According to conservative estimates, 
hydraulic civilizations took shape in the 
ancient Near East not later than the 
fourth millennium b.c., and they per¬ 
sisted until very recent times. It may 
therefore be said safely that in this area 
hydraulic civilization endured for about 
five millenniums. 

The great hydraulic civilizations of 
India and China maintained themselves 
for some three or four millenniums. And 


Chinese census data have been dis¬ 
cussed at length. What should be re¬ 
membered is that these data were com¬ 
piled primarily for fiscal reasons. Since 
tax payments had to agree with the an¬ 
nounced population, the census records 
tended to represent not the actual but 
the admitted population, that is, the 
lowest figures the regional ofiScials 
dared to submit (Wittfogel and F^ng, 
1949, p. 53). Weak regimes got under¬ 
statements, and tougher and more ef¬ 
fective govemments more realistic ac¬ 
counts. Two decades ago Buck, on the 
basis of a comprehensive rural survey, 
obtained population figures about 23 
per cent higher than the official data. 


recent archeological finds suggest that 
in certain areas of the Western Hemi¬ 
sphere, such as Peru, hydraulic civiliza¬ 
tions may have existed at least since the 
first millennium b.c., that is, for more 
than two millenniums prior to the ar¬ 
rival of the Spaniards. 

Neither ancient Greece nor feudal 
Europe nor Japan can equal these fig¬ 
ures. Greek agrarian civilization seems 
to have lasted for a millennium until 
Hellenistic despotism put an end to its 
non-Oriental pattern. The societies of 
feudal Europe and Japan had an even 
shorter duration. 

The core areas and the margins of 
the hydraulic civilizations covered the 
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greater part of western, southern, and 
eastern Asia. The Hellenistic regimes, 
the Orientalized Roman Empire, the 
Arab conquests of Spain and Sicily, and 
the Byzantine, Turkish, and Russian 
expansions imposed Orientallv despotic 
regimes on large areas of Europe. 

In Africa north of the Sahara, a hy¬ 
draulic way of life prevailed for mil¬ 
lenniums. A thousand years ago it 
seems to have spread temporarily from 
Lake Tanganyika and Kenya to Rhode¬ 
sia (Huntingford, 1933, pp. 153, 159 flF.; 
Wilson, 1932, pp. 252 ff.; Hall and Neal, 
1904, pp. 356 ff.; Randall-Maciver, 
1906, pp. 12 ff.). In recent times it was 
observed among the Chagga and a few 
othc'i* tribes of central East Africa. 

Hydraulic agriculture and govern¬ 
ment persisted in some major Pacific is¬ 
lands, such as Hawaii. In pre-Colum¬ 
bian America hydraulic developments 
spread beyond the Rio Grande in the 
north. In the Meso-American highlands 
and ill the' lowlands of Yucatan, clusters 
of loose and marginal hydraulic civili¬ 
zations emerged. And in the south hy¬ 
draulic expansion reached its maximum 
on the eve of the Spanish conquest. 
Early in the sixteenth century the Inca 
Empire stretched from Peru to Ecuador 
in the north and to Bolivia and Chile 
in the west and south. It co-ordinated 
practically all important centers of 
higher agrarian development in South 
America. Clearly, hydraulic civilizations 
covered a vastly larger proportion of 
the surface of the globe than all other 
significant agrarian civilizations taken 
together. 

The demographic dimension of the 
hydraulic world has already been indi¬ 
cated. According to our present infor¬ 
mation, it would seem that, prior to the 
commercial and industrial revolution, 
the majority of all human beings lived 
within the orbit of hydraulic civiliza¬ 
tion. 


COSTS AND PERSPECTIVES OF 
HYDRAULIC CIVILIZATION 

Manifestly, then, this civilization was 
an eminently successful “going con¬ 
cern.” It stimulated organization in 
depth. It gave birth to certain sciences. 
And it refined farming and handicraft. 
Yet, in terms of human affairs, it was as 
costly as it was tenacious. While such 
scientific aids to counting and measur¬ 
ing as astronomy and mathematics 
emerged, these developments eventu¬ 
ally .stalled, and the experimental sci¬ 
ences never gained significance. Masses 
of men were co-ordinated for public 
works and warfare, but the patterns of 
integration were crude, and they im¬ 
proved little throughout the centuries. 
Farming techniques were subtle, but 
from the standpoint of the main pro¬ 
tagonist, the peasant, their one-sidedly 
labor-intensive development was frus¬ 
trating. Hydraulic agriculture made the 
cultivator till his fields with a minimum 
of labor-saving tools and animals and 
with a maximum of human labor. Being 
politically without influence, the hy¬ 
draulic farmer maintained a man-nature 
relation that involved unending drudg- 
(’rv on a socialb' and enlturallv depress¬ 
ing level. 

Aristotle’s vision of a society of free 
men based on the advance of the me¬ 
chanical arts is increasingly being real¬ 
ized in the multicente'red industrial so¬ 
cieties of the West. It never material¬ 
ized in hydraulic .society. For reasons 
inherent in this institutional conforma¬ 
tion, the masters of liydraulic civiliza¬ 
tion succeeded in perpetuating the eco¬ 
nomic and technological order which 
was the raison d'etre for their existence. 

The stationary character of the great 
Oriental civilizations was noted in¬ 
cisively in the eighteenth and nine¬ 
teenth centuries, when the expanding 
commercial and industrial societies of 
the West began to loosen up what had 
previously seemed to be an indestruc( 
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ible societal edifice: The Western im¬ 
pact on man-nature relations in the 
countries of Oriental ch\spotisin was as 
varied as the forms in which it occurred. 
No fair-minded observer will deny its 
destructive aspects. But he will also 
point to the positive and non-totalitar¬ 
ian innovations that not infrequently 
accompanied it. And he will submit 
that, even in its most predatory and ag¬ 
gressive manifestations, Western colo¬ 
nialism, which today is subsiding, is 
more superficial than the new totalitar¬ 
ian colonialism, which is spreading so 
rapidly- 


the Farr of the Earth 

Hydraulic ("Oriental”) civilization 
has been in transition for generations. 
It continues to change in a global situa¬ 
tion dominated, on the one hand, by 
the forces of the totalitarian revolution 
and, on the other hand, by the forces 
of the multicentered Western world, in 
which the growth of an increasingly 
open society is enhanced by the demo¬ 
cratic version of a second industrial rev¬ 
olution. The future of hydraulic civili¬ 
zation and of man's relation to nature 
and man everywhere ultimately de¬ 
pends on the relative strength of these 
two competing revolutions. 


REFERENCES 


Anonymous 

1909 Impcrml Gazetteer of India, Vol. 

ITT. Oxford: Clarendon Press. 520 pp. 
N.d. Jdtakam: Das Buck der Erzdh- 
funf^en aus friiheren Existenzen Bud¬ 
dhas, Vol. V. Trans, by Julilts Dutoit. 
Munich: Oskar Schloss. 608 pp. 
Heloch, Julius 

1886 Die Bevnlkerun^ der ^riechisch- 
rdmi^chen Welt. Leipzig: Duncker & 
Humblot. 520 pp. 

Buck, John Tossing 

1930 Chinese Farm Economy. Nan¬ 
king; University of Nanking; Chicago: 
University of Chicago Press. 476 pp. 

1937 Land Utilization in China. Chi¬ 
cago: University of Chicago Press. 494 

pp. 

Bucher, Karl 

1922 Die Ent.stehung der Volkstvirt- 
srhaft, Vol. I. Tubingen; H. Laupp. 
475 pp. 

Childe, V. GoniK)N 

1952 Man Makes Himself. New York; 
Mentor Books. 192 pp. 

Cole, John S., and Mathews, O. R. 

1938 "Tillage,” pp. 321-28 in U.S. 
Department of Agriculture, Soils 
and Men: Yearbook of Agriculture. 
Washington, D.C.: Government Print¬ 
ing Office. 1232 pp. 

Hall, Richard Nicklin, and Neal, W. S. 
1904 The Ancient Ruins of Rhodesia. 
London: Methuen & Co. 404 pp. 
ITuntincford, G. W. B. 

1933 ‘The Azanian Civilization of 


Kenya,” Antiquity, VIT, No. 26, 153- 
65. ■ 

Kahrstedt, LTlRICH 

1924 “Die Bevolkerung des Altcrtums,” 
Handworterhuch der Staatsivissen- 
schaften, IT, 65.5—70. 4th ed. Jena. 

Kroeber, a. L. 

1939 Cultural and Natural Areas of Na¬ 
tive North America. Berkeley: Uni¬ 
versity of California Press. 242 pp. 

Kubler, George 

1946 “The Quechua in the Colonial 
World,” pp. 331—410 in Steward, 
Julian II. (ed.). Handbook of South 
American Indians, Vol. II. (Smithsoni¬ 
an Institution, Biueau of American 
Ethnology, Bulletin No. 143.) Wash¬ 
ington, D.C.; Government Printing 
Office. 976 pp. 

Ki/lischer, Josef 

1928 Allgemeine Wirtschaftsgeschichte 
des Mittelalters und der Neuzeit, Vol. 
I: Dets Mittelalter. Munich and Berlin: 

. R. Oldenbourgh. 351 pp. 

Lamprecht, Karl G. 

1886 Deutsches Wirtschaftsleben im 
Mittelalter: Untersuchungen iiber die 
Entwicklung der materiellen Kultur 
des platten Landes auf Grund der 
Quellen zundchst des Mosellandes, 
Vol. I, No. 1. Leipzig: Alphons Diirr. 
663 pp. 

Lao Kan 

1935 "Liang Han chiin-kuo mien-chi 
chih kii-chi chi k ou-shu tseng-chien 



The Hydraulic Civilizations 163 


chih t ui-ts’e,” Academia sinica, V, No. 
2, 215—40. Peking. 

Liebig, Justus von 

1878 Chemische Briefe. 6th ed. Leip¬ 
zig and Heidelberg; Carl Winters. 479 


1936 Lii-shih cliun-cliiu (“Mr, Lii’s 
Spring and Autumn Annals”), in Ssu- 
pu Pei-ijao. Chung-hua ed. Shanghai. 
770 pp. 

Maitland, Frederic William 

1921 Domesday Book and Beyond. 
Cambridge; Cambridge University 
Press. 527 pp. 

al-Makkari, Ahmed ibn Mohammed 

1840 The History of the Mohammedan 
Dynasties in Spain: extracted from the 
*^Nafhu-t-tib min Ghosni-l-Andalusi-r- 
rattib wa Tdrtkh Lisdnu-d-dtn Ibnid- 
khatltb^*' Vol. I. Trans, from the Arabic 
by Pascual de Gayangos y Aiu:e. 
London; Oriental Translation Fund. 
548 pp. 

Mann, Harold H., and Kanitkar, N. V. 

1920 Land and Labour in a Deccan 
Village. (“University of Bombay Eco¬ 
nomic Series,” No. III.) London and 
Bombay; H. Milford and Oxford Uni¬ 
versity Press. 182 pp. 

Marshall, Alfred 

1946 Principles of Economics. London; 
Macmillan & Co. 871 pp. 

Marx, Karl 

1919 Das Kapiial, Vols. I and III, Part 
I. Hamburg. Otto Meis.sner. 739-f- 
448 pp. 

1953 Grundrisse der Krit^k dcr politi- 
schen Oekonomie {Rohcntwurf). Ber¬ 
lin; Dietz. 1,102 pp. 

Meissner, Bruno 

1920 Babylonien und Assyrian, Vol. I. 
Heidelberg: Carl Winters. 466 pp. 

Mill, John Stuart 

1909 Principles of Political Economy. 
London and New York: Longmans, 
Green & Co. 1,013 pp. 

Mukhtyar, G. C. 

1930 Life and Labour in a South Gu¬ 
jarat Village. Ed. C. N. Vakil. London 
and New York; Longmans, Green & 
Co. 304 pp. 

Pant, D. 

1930 The Commercial Policy of the 


Moguls. Bombay; D. B. Taraporevala 
Sons & Co. 281 pp. 

Parain, Charles 

1942 “The Evolution of Agricultural 
Technique,” pp. 118-68 in Clapham, 
J. H. and Power, E, (eds.), Cam¬ 
bridge Economic History, Vol. 1. 2 
vols. Cambridge: Cambridge Univer¬ 
sity Press. 

Premerstein, Anton von 

1936 Alexandrinische Geronten vor 
Kaiser Gajus. (“Mitteilungen der Papy- 
russammlung der Giessener Univer- 
sitatsbibliothek,” Monograph V.) Gies¬ 
sen. 7] pp. 

Kandall-MacIver, David 

1906 Mediaeval Rhodesia. London and 
New York: Macmillan & Co. 106 pp. 

Rogers, James E. Thohold 

1884 Six Centuries of Work and 
Wages. New York: G. P. Putnam’s 
Sons. 591 pp. 

Rosenblat, Angel 

1945 La Poblacidn indtgena de Ame¬ 
rica desde 1492 hasta la actualidad. 
Buenos Aires: Institucidn Cultural Es- 
pahola. 295 pp. 

Rostovtzeff, M. 

1941 The Social and Economic History 
of *he Hellenistic World. 3 vols. Ox¬ 
ford; Clarendon Press. 1,779 pp. 

Rowe, John Howland 

1946 “Inca Culture at the Time of the 
Spanish Conquest,” pp. 183—330 in 
Steward, Julian H. {ed.), Handbook 
of South American Indians, Vol. II. 
(Smithsonian Institution, Bureau of 
American Ethnology, Bulletin No. 
143.) Washington, D.C.: Government 
Printing Office. 976 pp. 

Sahagun, Bernardino de 

1938 Historia general de las cosas de 
Nueva Espana, Vol. III. Mexico, D.F.: 
Pedro Robredo. 390 pp. 

Schneider, Anna 

1920 Die Anfdnge der Kulturwirt- 
schaft: Die sumerische Tempelstadt. 
Essen: G. D. Baedeker. 120 pp. 

Sf.ligman, Edwin R. A. 

1914 Principles of Economics. New 
York and London: Longmans, Green 
& Co. 711 pp. 

Singh, Sardar Gian 

1928 An Economic Survey of Gaggar 



164 


Mails Role in ('hanging 

Bhano, a Village in the Amritsar Dis¬ 
trict of the Punjab. (Board of Eco¬ 
nomic Inquiry, Punjab, Conducted by 
. . . under the Supervision of M. King 
. . . [Rural Section Publication No. 
IBJ, "^Punjab Village Survey/* Vol. I.) 

Lahore. 235 pp. 

Smith, An am 

1937 An Inquiry into the Nature and 
Causes of the Wealth of Nations. New 
York; Modern Library. 976 pp. 

SOMBAHT, WYbNEB 

1927 Das Wirtschaftsleben im Zeitalter 
dcs Ilochkapitalismus. 2 vols. Munich 
and Leipzig; Duncker & Humblot. 

1,064 pp. 

Webkr, Max 

1921-22 Wirtschaft twd Gescllschaft: 

Grundriss der Sozialokonomik. 2 vols. 

Tubingen; J. C. B. Mohr. 840 pp. 


the Face of the Earth 

WiDTSOE, John A 

1913 Dry-Farming: A System of Agri¬ 
culture for Countries under a Low 
Rainfall. New York: Macmillan Co. 
445 pp. 

Wilson, G. E. H. 

1932 “The Ancient Civilization of the 
Rift Valley/* Man, XXXII, No. 298, 
250-57. 

WiTTFOGEL, Karl A. 

1931 Wirtschaft und Gesellschaft Chi¬ 
nas. Leipzig: C. L. Hirschfeld. 768 pp. 
1956 Oriental Despotism and Hydraulic 
Society. (In press.) 

WiTTFOGEL, Karl A., and F£:ng Chia- 

srrkNG 

1949 History of Chinese Society, Liao 
(907—1125). (Transactions of the 
American Philosophical Society, Vol. 
XXXVI.) New York: Macmillan Co. 
752 pp. 



EJfects of Classical Antiquity on the Land 

FRITZ M. HEICHELHEIM" 


THE THEMA 

This survey is concerned with Greco- 
Roman civilization from about 1100 
B.c. to A.D. 565 as far as it influenced 
the over-all geophysical structure of the 
Mediterranean lands and their neigh¬ 
boring regions. We exclude from our 
inquiry the Minoan, Mycenaean, Hel- 
ladic, and the Italian prehistoric third 
and second millenniums n.c. Italy was 
an essential part of prehistoric western 
Europe during this time, and Greece 
was not essentially different in social 
and economic conditions from the con¬ 
temporary ancient Oriental Bronze Age 
civilizations as far as we are able at 
present to ascertain such matters. 

Similarly, the Byzantine development 
from the death of Justinian I in a.d. 
565 to the Turkish conquest of Con¬ 
stantinople in A.D. 1453 has closer affini¬ 
ties, on the whole, with the contempo¬ 
rary medieval ^Vestern, medieval Is¬ 
lamic, and medieval Russian structural 
alterations in social and economic pat- 
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Economic Survey of Ancient Rome, Vol. IV, 
1938; and "Roemische und byzantinische So- 
zial- und Wirtschaftsgeschichte,” Historia 
mundi, Vol. IV, 1955. 


terns and technical know-how than it 
has with the ages of Pericles, Cicero, 
and Tribonianus. Two rather unique 
and violent population and language 
changes appear near the beginning and 
the end of classical antiquity as we de¬ 
fine it. About 1100 B.c. the incipient 
Iron Age led to Indo-European, Semitic, 
and other migrations and to language 
changes of great intensity from Britain 
to India, probably surpassing in historic 
importance and revolutionary impact 
the much-discussed and powerful Ger¬ 
manic, Slav, Arabic, and related migra¬ 
tions before and after a.d. 565. 

In addition, a tenible plague, from 
A.D. 542 or so, depopulated the world 
from Wales to Central Asia, eliminating 
for good the genes of between one-third 
and one-half of the population groups 
and races of classical antiquity proper. 
Under these circumstances, it is not 
surprising that, after a.d. 565, Latin and 
Greek ceased to be living languages, 
giving way to the Romance, Germanic, 
Celtic, and Western Slav languages and 
literatures of the medieval West and to 
Middle Greek, Slavic, Armenian, Syriac, 
Coptic, Persian, and especially Arabic 
literary development in the medieval 
East. 

FROM ca. 1100 TO ca. 560 b.c. 

The world of the early Iron Age, after 
the Dorian, Italic, and the many other 
migrations of this period had come to 
an end, looked essentially different from 
that of the ancient Oriental Bronze Age. 
The new Iron Age villages, from India 
to Spain and Britain, maintained politi- 
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cal autonomy, or even independence, 
and a higher standard of technical civ¬ 
ilization for the lower classes (i.e., for 
at least 90 per cent of the world popu¬ 
lation) than the ancient Oiental Bronze 
Age cities had been able to offer. The 
invention of the iron plowshare alone, 
not to speak of numerous other im¬ 
proved or novel agricuJtiiraJ iron tools, 
brought about an agricultural revolu- 
tion, for the wooden prehistoric and 
ancient Oriental plowshares could be 
worked only' in so-called "*light soils. 

When the heavy soils, the most fertile 
of our globe, were taken under the plow 
for the first time in human history, enor¬ 
mous population increases outside of 
Egypt, Babylonia, and other territories 
of “hydraulic” civilizations were the 
consequence. Similarly, owing to new 
Iron Age techniques, mining produc¬ 
tion throughout the world was intensi¬ 
fied considerably. Greece, about 800 
B.c. or so, gradually began to take the 
lead in improving the potentialities of 
the new Iron Age civilizations. First, a 
new type of city settlement developed, 
the Greek polis, originally mainly an 
agrarian settlement of aristocrats, their 
dependents and retainers, some crafts¬ 
men, merchants, small farmers, and 
priests. 

Thereafter the Greek colonization 
movement planted such Hellenic poleis 
in large numbers from Naucratis in 
Egypt and the Cyrenaica to the Crimea 
and the Taman Peninsula of southern 
Russia and from Poseidion and the 
Karatepe of the “Danuna” on the Syr¬ 
ian coast to the shores of the Iberian 
Peninsula. Everywhere, with the help 
of iron plowshares and the other new 
agricultural tools, the heavy soils were 
opened to the growing of grain. The 
Hellenic vineyard and olive plantations 
on hilly terraces and viticulture on high 
trees were introduced; some forests 
were transformed into more open park 
landscapes for aesthetic reasons; fish¬ 
ing and piracy intensified. The agricul¬ 


tural plants and animals of Greece, es¬ 
pecially vines, olives, certain grain spe¬ 
cies, certain breeds of dogs, donkeys, 
horses, bees, horned cattle, sheep, pigs, 
goats, spread to all new Greek settle¬ 
ments and those of neighboring natives, 
as far as the climate from Spain to 
Syria and from North Africa to south¬ 
ern Russia permitted. In exchange, new 
domestic breeds were brought to 
Greece from abroad. The domestic fowl 
in its advance from India and the Ori¬ 
ent reached the Greek settlements dur¬ 
ing the eighth century b.c. 

The Etruscans, a proto-Indo-Euro- 
pean nation, whose upper class hailed 
from northwestern Asia Minor and orig¬ 
inally from the Caucasus, founded semi- 
agricultural towns (similar to those of 
the Greeks) in the Toscana and Latium, 
among them Rome (probably between 
650 and 575 b.c.). Greeks and Etrus¬ 
cans were soon imitated by the so-called 
oppida of the native Italic tribes. 

During the last decades of the eighth 
century b.c., Phoenician and Greek in¬ 
ventors in shipbuilding intensified Med¬ 
iterranean communications. Phalanx in¬ 
fantry, a pattern of battle formation 
and armament which had originally 
been brought by the Assyrians to their 
Phrygian and Lydian allies, finally 
spread to the Greek motherland from 
southwestern Asia Minor. This tactic, 
adapted by the Greeks, gradually made 
the small, free Hellenic infantryman 
more important politically and strategi¬ 
cally than the horsed aristocrat of the 
preceding centuries. 

The Greek invention of the coin, near 
650 B.C., first being struck in electrum, 
then in silver and gold, and the subse¬ 
quent rise of early Greek coin econ¬ 
omy revolutionized capital investment 
in agriculture, mining, craftsman's 
workshops, trade, and banking opera¬ 
tions. The output of Corinthian, Attic, 
and other pottery for export throughout 
the Mediterranean area was stimulated 
and greatly increased. The issues of 
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small silver denominations, which be¬ 
gan in Aegina and Corinth slightly be¬ 
fore 600 B.C., made possible small sav¬ 
ings and, especially, domestic trade 
without clumsy and wasteful barter op¬ 
erations. By these means, the hard¬ 
working and thrifty mass of free Greek 
polis citizens gradually was made inde¬ 
pendent in their economic aims from 
their ruling aristocratic families. The 
Greek phalanx and the Greek coin 
economy became, in fact, the main 
forces which stimulated the nascent 
Greek democracy and small farming. 

FROM ca. 560 TO 333 b.c. 

The earlier structural revolution of 
Hellenic town and agricultural societies 
was imitated intensively by non-Greeks 
from the time of King Croesus of Lydia. 
The Greeks themselves advanced to a 
period of classical refinement in all 
spheres of human life, especially by in¬ 
troducing the principles of reason, logic, 
and the analysis of cause and effect into 
all suitable patterns of human activity. 
The capital which could be invested by 
society in changing the appearance of 
cities and countryside increased, mainly 
because of the creation of world cur¬ 
rencies, such as the Attic silver money, 
which was accepted from Spain to In¬ 
dia, but also owing to professional 
bankers, nautical loans, and Giro trans¬ 
fers in bookkeeping that made their ap¬ 
pearance in Greece and Babylonia. 

The prices of agricultural products 
rose not only in Hellas between the 
sixth and the fourth centuries b.c. but 
also in Babylonia, an indication of in¬ 
creased demand from growing city pop¬ 
ulations in West and East. The Greek 
poleis of the period were characterized 
by scientific and rational town building 
and town planning and by well-made 
harbor and dock buildings, aqueducts, 
roads, light-fires, and large workshops 
of craftsmen with some division of la¬ 
bor (ergasterion). We even find the 
Athenian deigma, a clearing-house and 


exchange for samples of import goods, 
or the Athenian agora, a permanent and 
large market with stands for the traders 
in accordance with their goods. Agorai 
of this kind were to be the models for 
the similarly organized bazaars of the 
Hellenistic-Roman era and those of the 
Oriental Middle East in our own time. 
Even artificial harbor basins were exca¬ 
vated. Sailing ships were as quick then 
as they were until a.d. 1500 or so. 

As recent excavations in Austria have 
made certain, the Gel tic inhabitants of 
the Alps iiivented the horseshoe about 
400 B.C., gradually to be accepted in 
western Europe during the following 
centuries as an assistance to overland 
transport. Earlier, this revolutionary 
transport invention enabled Geltic cav¬ 
alry to annihilate a Roman army on the 
Allia, to sack Rome in 387 b.c., and to 
annihilate the cavalry and phalanx of 
Macedonia in 278 b.c. The carefully ex¬ 
cavated silver mines of Lanriiim in At¬ 
tica and the contemporary Attic inscrip¬ 
tions which are concerned with this 
mining district are witnesses to numer¬ 
ous technical and economic improve¬ 
ments and well-thought-out legal provi¬ 
sions in this important field of primary 
production. 

Agriculture in Greek polis territory 
also was made more logical and more 
rational. The use of manure in various 
forms and of special seeds and breeds 
of animals, the timing of plowing, seed¬ 
ing, and harvesting, the administration 
of and the bookkeeping for small 
and large agricultural estates were 
treated as a fine art and, during the 
fourth century b.c., stimulated man¬ 
kind’s first scientific agricultural trea¬ 
tises. Three-field crop rotation, which 
was generally made use of during the 
Hellenistic age, appears to be alluded 
to, in a much-discussed inscriptional 
rent contract from Euboea, as early as 
the fourth century b.c. 

In Italy, Roman colonization began 
systematically and permanently during 
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the second quarter of the fourth cen¬ 
tury B.c. In its gradual advance it r^- 
oiutionized agriculture throughout the 
peninsula. As early as the sixth and fifth 
centuries b.c., the wet, but fertile, soils 
near the mouth of the Tiber and 
throughout central Italy had been 
drained and opened for intensive agri¬ 
culture, especially with the help of the 
so-called cuniculi. The cat, originally 
only a domesticated animal of Egypt, 
appeared then in Etruria also, to spread 
into Greece and over the whole world 
during the following period. 

The structural changes in the Greek 
polis territories of the period would not 
have been possible without an enor¬ 
mous increase in the number of slaves 
for agricultural, industrial, and mining 
employment. Slavery, however, with 
the exception of mining and a few other 
fields of labor, was still comparatively 
humane. Free men were permitted to 
take residence wherever they wished, to 
go to law on their own responsibility, 
and to work as long and in whatever 
field of activity they wished, and they 
were protected against seizure as prop¬ 
erty. As Professor Westermann proved 
in an illuminating analysis of Delphic 
inscriptions (1943), the Greek master 
could give his slaves three of the “four 
freedoms” without legally freeing them. 
Even Roman slavery was still rather 
patriarchal. Freed slaves of Roman 
masters could expect their children to 
be treated as full citizens. Only during 
the subsequent period and under the 
influence of a strict interpretation of 
Roman law was slavery to become that 
scourge of mankind which was to de¬ 
stroy the happiness and even the lives 
of millions between 201 and 31 b.c. and 
to menace the population structure of 
classical antiquity. 

FROM 333 TO 31 B.c. 

Alexander the Great established Mac¬ 
edonian government and Hellenic in¬ 
fluence as far to the east as the Indus 
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region and present-day Chinese Turke¬ 
stan. The Ganges region in India was 
subjected temporarily by Indo-Bactrian 
kings of Greek descent after 200 b.c. or 
so. Ptolemaic kings of the third century 
B.c. had occupied Zanzibar, parts of the 
coasts of East Africa and southern 
Arabia, and parts of the Sudan. The 
seaway to India had been discovered in 
117-116 B.c. with the help of the mon¬ 
soon. Finally, Rome began to conquer 
and colonize Spain (from 209 b.c. on¬ 
ward), North Africa (from 146 b.c. on¬ 
ward), the central and northern Balkan 
Peninsula (from 229 b.c. onward), and 
Caul (from 125 b.c. onward). By these 
means was the geographical and an- 
thropogeographical structural revolu¬ 
tion, characteristic of early Greco-Ro¬ 
man development, intensified over a 
comparatively large part of the earth. 

A central region of refined civiliza¬ 
tion (from Babylonia to Italy and Sic¬ 
ily) was surrounded by a larger, outer 
zone (from the Ganges to the Atlantic) 
of assimilated barbarian kingdoms, 
Greek colonial states, and Roman outer 
provinces and subject allies, in which 
there were islands of polis economy or 
Roman municipal settlements from 
which the know-how of Hellenistic and 
Roman agriculture was gradually ap¬ 
propriated by the native villagers. This 
was not a period of capital growth pure 
and simple; there also were consider¬ 
able capital destruction and waste of 
capital, owing mainly to the Roman 
wars of conquest after 201 b.c., the civil 
wars, the slave-hunting, and the ex¬ 
ploitation which characterized Roman 
provincial administration from 201 to 
31 B.c. 

World currencies like the “Attic” cur¬ 
rency of Alexander the Great and most 
of his successors, the “Phoenician” cur¬ 
rency of the Ptolemies, and, finally, the 
“Attic” Roman denarius and its many 
subject currencies made capital trans¬ 
fers easy. The first two coin issues were 
trimetallic, gold, silver, and bronze be- 
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ing comparatively well adjusted to one 
another, a pattern of refinement reached 
by Rome as late as the time of Julius 
Caesar. For the surprisingly modem 
capital-investing and generally eco¬ 
nomic planning of the Hellenistic em¬ 
pires in town, agricultural, and mining 
production, we have very instructive 
evidence from the kingdom of Syra¬ 
cuse, from Ptolemaic Egypt (with the 
largest banking organization of antiq¬ 
uity), from the Seleucid Empire, and 
from the Hellenistic India of the Artha- 
shastra of Kautilya. 

During the third century b.c. much 
capital was brought to the Middle East, 
where the interest rate for capital in¬ 
vestments was at least three times as 
high as in the Greek motherland. The 
capital destruction during the two sub¬ 
sequent centuries of Roman supremacy 
was cushioned by new colonization and 
town foundations in Italy and the West. 
In addition, a new type of money ap¬ 
peared, the bill of exchange, payable to 
any bearer, quite possibly rejuvenated 
and Hellenized from unknowm ancient 
Oriental survivals of the cuneiform 
bearer instruments of the second mil¬ 
lennium B.c. Three such documents are 
known from Ptolemaic Egypt during 
the second and first centuries b.c. 
(Strassburg Ostraka 510; Papiri di Re¬ 
gale Universiid di Milano /, No. 25 and 
especially Papyrus Rylands Library TV, 
No. 580); a number of much-discussed 
references about capital transfer trans¬ 
actions in Plautus and Cicero now have 
to be reinterpreted in the light of this 
new evidence. 

Planned colonization, general eco¬ 
nomic planning, world currencies, and 
the novel bills of exchange made pos¬ 
sible a changed appearance of the cities 
and even more of the countryside from 
Spain and Gaul to India and Turkestan. 
The coastal cities, especially in the 
Mediterranean area, came under the in¬ 
fluence of an intensive foreign trade, 
with cheap mass products, an intensi¬ 
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fied market and domestic trade, and 
comparatively large workshops, with, 
in some cases, as many as three hun¬ 
dred or so employees and slaves, which 
often produced for trade over large dis¬ 
tances. Campanian bronze vessels and 
iron tools of the period are found in 
Scandinavia, for instance, and Mediter¬ 
ranean textiles in Mongolia. Port, dock, 
and harbor buildings, well-constructed 
light-fires, deigmata, permanent mar¬ 
kets for trade and political assemblies, 
aqueducts, splendid private buildings 
of the rich, and the use of bricks and 
concrete for the dwellings of the poor 
characterized this brilliant and often 
well-planned Greco-Roman town devel¬ 
opment, the center of which moved 
from Greece and the Middle East to 
Italy during the second century b.c. 

From the late fourth century b.c. on¬ 
ward, improved caravan routes in the 
Middle East and especially the famous 
network of Roman military roads made 
the still rather expensive overland com¬ 
munications of the world of classical 
antiquity more profitable than before. 
Hellenistic and Roman agriculture from 
Spain and Gaul to India owed much to 
Greek, Carthaginian, and, eventually, 
Roman agricultural science, but per¬ 
haps even more to Greek applied math¬ 
ematics. Not only the Archimedian 
screw but also the sakye, and practi¬ 
cally all other irrigation machines and 
devices which we now call typically 
Oriental, were, in fact, invented during 
the third century b.c. as a consequence 
of Hellenistic progress in mathematics. 
The norag, a new threshing device, was 
similarly useful, as were improved 
plows, sickles, and other agricultural 
tools. 

Enormous territories, from the Mid¬ 
dle East and North Africa to India and, 
perhaps, China, which could not be ir¬ 
rigated by the few already ancient Ori¬ 
ental devices for canals and irrigation, 
now were opened for agriculture and 
destined to remain in cultivation, on 
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the whole, up to the present day. Math¬ 
ematically improved water nulls, wine 
and olive-oil pr(\ss('s, and other such de¬ 
vices hud a siiniJaj inipoi tum e tor the 
agricultural productioTi ot J^ornan Italy 
and the Roman provinces from North 
Africa to the Rhine. 

In addition, the agricultural plants 
and domesticated animal breeds of the 
whole enormous region from India to 
Spain and Gaul were now gradually ex¬ 
changed, as far as the local climate per¬ 
mitted. Cotton came to Egypt, to Baby¬ 
lonia, and even occasionally to Aegean 
Gj eecc. Apricot trees, lemon trees, mel¬ 
ons, Asiatic cattle, and Egyptian cats, 
ducks, and geese appeared in Greece 
and Italy. Italy received, in addition, 
sesame, several clover species, nut, 
cherry, peach, certain plum, certain fig, 
quince, almond, chestnut, walnut, and 
other fruit and nut trees, cypresses, 
radish, flax, and beetroot. Still more im¬ 
portant were the improvements of the 
period in breeding scientifically or im¬ 
porting superior breeds of horses, don¬ 
keys, camels, horned cattle, sheep, 
goats, pigs, dogs, cats, chickens, ducks, 
geese, pigeons, pheasants, peacocks, 
rabbits (from Spain), bees, and even 
outlandish fish and oysters, special 
vines, date and fig trees, olive plants, 
and grain varieties from everywhere in 
the world where climatic and market 
conditions made this possible. 

Even China participated in this ex¬ 
change of animals and plants to a 
smaller extent, receiving, during this 
period and that of the Roman princi- 
pate, bloodstock horses, lucerne clover, 
vines, walnut seeds, pomegranates, peas, 
certain cucumbers and onions, cori¬ 
ander, and other plants and animals in 
exchange for the apricot tree, perhaps 
the peach tree, and goldfish. The reason 
for these revolutionary changes in the 
agricultural pattern of the countryside 
from the Atlantic to the Yellow Sea was 
that a change-over from subsistence to 


market farming characterized enormous 
territories of the globe during the Hel¬ 
lenistic age and that of the Roman Re¬ 
public. 

Wherever market economy had be¬ 
come profitable, the small and almost 
self-sufficient peasant estates of earlier 
c'enturies were on the retreat. In Egypt, 
Sicily, Hellenistic India, and large 
provinces of the Seleucid kingdom, eco¬ 
nomic agricultural planning by the state 
bureaucracy treated, to a very far de¬ 
gree, the small and the (not much 
freer) large agricultural units of the re¬ 
gions in question as subordinated eco¬ 
nomic entities of a centrally organized, 
provincial state agriculture. In those re¬ 
gions of the Carthaginian Empire, of 
Italy, and of the Roman provinces 
where the new agricultural market 
economy was profitable, large inde¬ 
pendent slave estates, the much-dis¬ 
cussed latifundia, took the place of nu¬ 
merous small, free peasant homesteads. 
In both groups of territories scientific, 
rational agriculture was promoted and 
was expounded simultaneously in text¬ 
books like those of Theophrastus, the 
Carthaginian Mago, and the Latins 
Cato and Varro. 

Agricultural tools, agricultural meth¬ 
ods (manure, two crops in one year, 
three-field crop rotation, summer and 
winter grazing of cattle, vegetable pro¬ 
duction, wine and olive production, and 
much more), estate and territorial plan¬ 
ning, training of especially qualified 
servants, and the building of comple¬ 
mentary estate workshops for products 
of craftsmanship were carefully adapted 
to the most recent and most profitable 
textbook advices. Destructive tenden¬ 
cies were not wholly missing during this 
period. The population of the Mediter¬ 
ranean area decreased between 201 and 
31 B.C., owing to the Roman wars of 
conquest, civil wars, social revolutions, 
and slave-hunting. In Greece and Egypt 
a reduction of the area under agricul- 
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Inn* and ol the* size* of village and town 
settlements appears from archeological 
excavations. This temporary loss was 
more than made good by the popula¬ 
tion growth and colonial activity in the 
imperium Romanum of the first and 
second centuries a.d. 

The fertility potential of the soil was, 
however, rarely endangered in classical 
antiquity. The plows and other agricul¬ 
tural tools of the period were not strong 
enough to cause what we now call soil 
destruction. A visit to any museum 
where Greco-Roman agricultural instru¬ 
ments are preserved will bear this out. 
In Greece proper and in similar hilly 
and mountainous subtropical regions 
which were conquered by Rome and 
depopulated by slave-hunting, the hill¬ 
sides, which were steep but still suit¬ 
able for vineyards, olive plants, vege¬ 
table gardens, or modest fruit trees, be¬ 
came barren wasteland. These artificial 
terraces, which had replaced forest and 
undergrowth during the Bronze and es¬ 
pecially the earlier Iron ages, were no 
longer protected by the farmer’s watch¬ 
fulness against rain, which gradually 
washed away the small amount of sub¬ 
soil held in place by human endeavors. 

Malaria was introduced into Sicily 
during the fourth century b.c. and into 
Italy during the Second Punic War, in 
both cases by Carthaginian soldiers 
from North Africa. Thereafter, this en¬ 
demic disease of the Apennine Penin¬ 
sula is the probable reason why the 
Maremma of Etruria and the Pontine 
marshes in the Romagna were aban¬ 
doned by peasant homesteaders from 
the early second century b.c. onward. 
However, the main part of Italy, with 
the exception of these and some other 
fertile fenlands, was not seriously af¬ 
fected before the Middle Ages by this 
much-discussed scourge of mankind. 
Neither did the latifundia, as we know 
now for certain, destroy the natural soil 
fertility of any part of Italy, although 


damage from overgrazing on estates de¬ 
voted to cattle-breeding would have 
been imaginable in theory. 

That this is so can be proved irref¬ 
utably, to our surprise, in opposition 
to majority opinions of modern experts, 
with the help of the aerial survey of 
practically the whole of Italy taken dur¬ 
ing World War II by the Royal Air 
Force of Great Britain; the negatives of 
this strategic survey are now preserved 
in Oxford and are accessible to inter¬ 
ested scholars. According to these air 
photographs, the fertility and the ex¬ 
tent of the originally cultivated agri¬ 
cultural soil, even in now desolate 
Apulia, were never impaired in antiq¬ 
uity. 

There appear in these photographs 
evidences of the primitive round huts 
of the pre-Roman natives of the Bronze 
and Iron ages. The numerous ditches 
and walls of the agricultural centuriatio 
of the simultaneously Roman military 
and agricultural coJoniae, in the times 
of the so-called Second and Third Sam- 
iiite Wars, can be outlined. The second 
century b.c., the time of the change¬ 
over from subsistence to market farm¬ 
ing in many parts of Italy, brought into 
being larger units of land, yet practically 
all the earlier peasant plots remained 
in cultivation under old and new own¬ 
ers. Even during the thirteen or so cen¬ 
turies of the periods of the Roman prin- 
cipate, the late Roman Empire, and the 
earlier Middle Ages, Apulia and other 
now desolate regions of southern Italy 
and Sicily remained fertile peasant 
country. The British air photographs, 
supporting trial excavations, and docu¬ 
ments forgotten in Italian archives un¬ 
til a few years ago have now irrefutably 
made obvious this conclusion. Spanish 
destructive methods of sheep-breeding 
after a.d. 1300, and not Roman or early 
medieval agricultural mismanagement 
and maladministration, are the real 
cause for the present emptiness of many 
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regions of the southern Itnlian country- 
side. 

FBOAI 31 n.C. TO A.D. 2S4 
The period of the Roman principatc 
from Augustus to Carinus is Janus¬ 
faced. The enormous EmiJirc territory, 
from the Wall of Hadrian in Britain to 
the Euphrates and from the Sahara, the 
first Nile cataract, Aden, and Zanzibar 
to the eastern banks of the Rhine, the 
southern banks (if t]\e Danube, the Car¬ 
pathians of modern Romania, and the 
regions to the north, east, and west of 
the Black Sea, was filled with more city 
settlements than ever before, far into 
the third century a.d. On the other 
hand, as early as the reign of Emperor 
Hadrian these cities began to shrink in 
size and pojiulation, a gradual process 
which was accelerated during the 
troubles of the third century a.d., to the 
point when hundreds, if not thousands, 
of such town settlements had to be 
abandoned forever. 

The intellectuals of the period were 
proud of the splendor, the standard of 
life, and the civilization which mani¬ 
fested itself in the cities of the Roman 
Empire. They did not realize that the 
permanent structural changes of their 
age were to be found not in the cities 
but in the de.spised agricultural sector 
of the Roman world, where more than 
90 per cent of the inhabitants of the 
Roman Empire found employment and 
livc'liliood. The reason for the striking 
and unintcmtional shrinking of the cities 
was that tlie capital and labor potential 
at the dis])osal of the Roman Empire 
authorities for urbanizing their world 
was totally insuflScient. 

The Roman silver and gold currency, 
which Aiigiistiis finally reorganized, and 
its subsidiary provincial currencies 
were sadly depleted during the three 
centuri('s from Augustus to Carinus as 
a conse(jiumce of the generally passive 
trade brdance of the Empire. Contem¬ 
porary authors and numerous Roman 


com hoards from northern Germany, 
Scandinavia, southern Russia, Scotland, 
Ireland, southern Arabia, Iran, the Rus¬ 
sian Caucasus, western Siberia, and 
especially India bear witness to this. 
From Augustus to Marcus Aurelius, the 
ratio of copper to silver was stabilized 
at 1:56 or so; that of silver to gold fluc¬ 
tuated between 1:12 and 1:9 or so. In 
the fourth century a.d., on the other 
hand, we find a ratio of copper to silver 
of 1:125; of silver to gold fluctuating at 
between 1:14 and 1:18. According to 
these figures, much more than half of 
the silver and much more than two- 
thirds of the gold which had circulated 
in Roman territory during the reign of 
Augustus had left the Mediterranean 
world, mainly during the time from 
Nero to Carinus. 

The canals, roads, harbor works, and 
docks which were constructed from 
Britain to the Euphrates during the 
first, second, and even the troubled 
third centuries a.d. were very numerous. 
Many of them were never destroyed or 
could be restored easily, proving to be 
very useful in maintaining the standards 
of the mainly agricultural and the na¬ 
scent town economies of the early Mid¬ 
dle Ages. Nevertheless, these means of 
communication were not suflBciently nu¬ 
merous and not sufficiently well planned 
to maintain free trade, with cheap mass 
products, between the town communi¬ 
ties of the Empire from Britain to the 
Euphrates in the same intensity as had 
been characteristic for the centuries 
from ca. 560 to 31 b.c. As early as about 
A.D. 1*00 most of the colonized Roman 
provinces in the east and west and even 
much smaller subdivisions of some Ro¬ 
man provinces had become practically 
self-sufficient economic units as far as 
the production and trade of cheap mass 
products were concerned. 

From the reign of Emperor Hadrian 
onward, interprovincial free trade was 
largely restricted, owing to the unbeat¬ 
able local competition in cheap goods. 
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to the valuable and luxury products, 
and to government transports, for which 
captains and merchants had to be 
bound to their professions for an in¬ 
creasing number of cheap goods. For 
government transports overland the 
cursus publicus, the imperial govern¬ 
ment’s permanent courier and transport 
service over the Roman road system, 
became such a terrible burden, owing 
to its increased use by the army and the 
bureaucracy, that settlements close to 
imperial relay stations were abandoiu'd 
occasionally. On the other hand, trade 
inside of the more or less recently ur¬ 
banized provinces, like Britain, Gaul, 
much of Spain and North Africa, the 
Alpine and Danubian provinces, eastern 
Asia Minor, and the province of Arabia, 
reached a relative intensity which, on 
the whole, was to be permanent and 
was never again to decline to pre- 
Roman and prehistoric levels, even un¬ 
der the impact of the most destructive 
migration waves of the early Middle 
Ages. 

Local trade inside of and between 
the old and new villages of the Empire 
reached a similar intensity, which was 
to remain permanent in post-Roman 
times. During the second and third cen¬ 
turies A.D. the local trade and especially 
professional banking throughout the 
shrinking town settlements became so 
unprofitable, however, that the govern¬ 
ment authorities had to bind many such 
specialized traders and bankers to their 
professions to maintain all essential 
services for army, court, and Flmpire 
administration and to uphold, for the 
troubled town populations, at least an 
appearance of the intensity of local 
trade and banking transactions which 
had been characteristic of the Empire 
towns of the first century a.d. 

As a consequence of the gradual 
strengthening of the new provinces and 
the efflorescence of the agricultural dis¬ 
tricts everywhere in the Empire, the 
considerable know-how of Hellenistic- 


Roman craftsmanship spread to ail new 
towns and to villages and estates in the 
countryside from Britain to Arabia. The 
colonization efforts, which filled the 
Empire with towns, villages, country 
villas, and the redoubtable limes forti¬ 
fications, signal systems, and strategic 
roads, which protected the peaceful 
settlers against foreign enemies, would 
not have been possible without concrete 
and the brickworks which sprang up 
throughout the provinces. More than 
that, new inventions, mostly connected 
with technical methods of using air for 
economic purposes, made Greco-Roman 
craftsmanship more efficient than ever. 

Improved bellows not only made 
mining safer but led eventually to the 
production of true steel for the first time 
in human technical history, probably 
about the third century a.d. Windmills 
in suitable regions supplemented the 
earlier water mills, from the first or 
second centuries a.d. More important 
still was the invention of glass-blowing 
between 40 and 30 b.c., which occurred 
on the Mediterranean coast of either 
Egypt ur Syria-Palestine. Cast glass had 
been known from the third millennium 
B.C., but its production costs had been 
too high to permit inexpensive use for 
non-luxury purposes. Henceforth, ves¬ 
sels made of cheap blown glass were 
to be found also in the village huts of 
the poor. 

Glass sarcophagi and especially glass 
windows were used by the upper and 
even the middle classes of the Empire. 
Roman administration and proper town 
life would not have been possible in 
Britain, on both sides of the Rhine, and 
on the Danube without the imperial 
administrators and the well-to-do being 
protected against the Central European 
winter by glass windows, which per¬ 
mitted office work and reading at all 
times of the year. A completely novel 
industry of glass-making sprang up dur¬ 
ing the first century of the principate, 
mainly concentrated in Cologne, some 



Mans Role in Changing the Face of the pMrth 


174 

other cities of Gaul Rome and oth^ 
Italian towns, Alexandria, Antioch, and 
several smaller cities of Syria and Asia 
Minor, achieving a permanent and most 
important contribution of cJassicaJ an¬ 
tiquity to the well-being of medieval 
and modern mankind. 

In the newly colonized and urbanized 
territories of the Roman Empire, the 
Hellenistic-Roman know-how in crafts¬ 
manship had been appropriated first by 
the city settlements, as is only natural. 
When these shrank in size again during 
the second and third centuries a.d., the 
government had, in the more ancient 
centers of civilization and in trade and 
banking, to bind many professional 
workers to their jobs to prevent endan¬ 
gering the safety of the Roman armies 
and the imperial administration. What 
happened simultaneously in the coun¬ 
tryside was, however, of far greater his¬ 
toric importance than this process of 
decay in the cities. 

Throughout the Empire the large 
estates which worked for foreign and 
local markets gradually expanded their 
own workshops for those crafts whose 
production was profitable and suitable 
for their economic pattern. The compe¬ 
tition from the sale of the surplus of 
these estate workshops in near-by free 
markets endangered the livelihood of 
many city craftsmen throughout the 
Empire from the second century a.d. 
onward and induced many insuflBcient- 
ly employed town-dwelling craftsmen 
to take service on countryside estates. 
Through such newcomers the simple 
villagers, freeborn or slavebom, were 
gradually instructed in all technical in¬ 
ventions aT)d devices of classical antiq¬ 
uity which were apt to improve the 
peasant s standard of life and income. 

The beauty of Samian and other pot¬ 
tery, of bronze, iron, steel, and glass 
tools, and some technical niceties of 
earlier mechanical devices were sacri¬ 
ficed to local cheap production by vil¬ 
lage and estate craftsmen. As a result. 


however, the average villager through¬ 
out the Empire of the Roman principate 
had more technical comfort at his dis¬ 
posal than had the Athenian polis prole¬ 
tarian during the period from the Per¬ 
sian Wars to Pericles or than had the 
Roman city proletarian at the time of 
the Gracchan brothers. More important 
still, the difference between the stand¬ 
ards of life of a small and dependent 
farmer in the countryside of the Empire 
of the Roman principate and that of the 
contemporary city proletarian had be¬ 
come negligible, except if in Rome, 
Alexandria, Antioch, and two or three 
other famous centers which were well 
cared for by the government. 

This process was intensified by the 
agricultural changes of the period, 
which took place, in regional variation, 
during different decades of the first, 
second, and third centuries a.d. With 
the help of the fully developed methods 
of Greco-Roman agricultural science 
and technique, large new territories 
were permanently taken into cultiva¬ 
tion. In England the fertile fenlands of 
East Angha were drained, and the 
Fosse and other still existing canals 
were constructed to transport grain 
from these and other imperial and pri¬ 
vate estates to the garrisons and camp 
followers in northern England and the 
Scottish Lowlands. Vineyards produc¬ 
ing local and world-famous beverages 
were to be characteristic of the hilly 
countryside of Gaul and the Rhineland 
for all the future. The regions on both 
sides of the Danube were similarly 
opened up. In Holland the sea was 
brought under control as never before 
w'ith the help of well-planned ditches 
and drainage systems. In the fenlands 
of East Anglia the Roman drainage 
works and many Romano-British vil¬ 
lages survived beyond the time of Ro¬ 
man occupation, to be given up readily 
under the earlier and later Anglo-Saxon 
kings and, anyway, before the Domes¬ 
day Book was compiled. In Holland 
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the Roman ditches and canals were pre¬ 
served and kept in good order by the 
Salian Franks but were unable to with¬ 
stand the rising water levels of the early 
Middle Ages. 

In regions bordering the deserts of 
North Africa and the Middle East, 
methods of agriculture were used which 
were successfully imitated by French 
colonizers in Algeria, Tunisia, and 
Morocco during the nineteenth and 
twentieth centuries. In these semiarid 
regions with slight soil moisture, olive 
plantations were kept alive for two or 
three years by transporting water from 
afar to new plantations. Once the roots 
of the olive plants reached the subsur¬ 
face water, the very desert became 
habitable and profitable agricultural 
soil. In Egypt careful Roman flood-con¬ 
trol measures and new irrigation canals 
made productive again those territories 
of the Nile country which had been 
given up as desert or marshlands during 
the last two centuries of Ptolemaic rule. 
In Transjordania, the Negev, and the 
Syrian Desert regions numerous new 
cisterns and irrigation systems preserved 
the life-giving water of heavy rainfalls 
for years and, exactly as at present 
again in the state of Israel, made settle¬ 
ments possible everywhere. The small 
Roman province of Mesopotamia, which 
was of the highest strategic importance, 
was most thoroughly colonized during 
the third century a.d. Here and in 
Britain urban decline was delayed up 
to the fifth century a.d.; in Roman 
Arabia, cwen into the sixth century a.d. 
In Italy and elsewhere there occurred a 
novel wheeled plow. 

The agricultural plants and domestic 
animals which had been adapted to the 
countries from Babylonia and Syria to 
Italy during the preceding period were 
now used everywhere in the Roman 
Empire, as far as the climate permitted, 
first on large estates and on agricultural 
soil annexed to the new town settle¬ 
ments and thereafter by the simple vil¬ 


lagers. The slave estates of the preced¬ 
ing period vanished, however, as carlv 
as the period of Augustus and his imme¬ 
diate successors. The pax Romana, 
which the world owed to the first prin- 
ceps, made slave-hunting of the earlier 
profitable en gros pattern impossible, 
and the numbers of cheap slaves from 
victorious campaigns of conquest were 
reduced to a trickle. In consequence, 
the market price of slaves soon rose so 
high that to employ menial agricultural 
slaves in large numbers became un¬ 
profitable. 

Only rump estates, therefore, were 
cultivated scientifically with the help 
of a comparatively small number of un¬ 
free agricultural and household servants 
and a library containing the main agri¬ 
cultural textbooks of the past and pres¬ 
ent. The largest part of the latifundia 
of the republican centuries and of their 
.successors in the provinces were instead 
farmed out to small peasants, in modern 
times all usually called coloni. They had 
to pay a contractual rent and took 
over some contractual work on the main 
estate. They received some technical 
agricultural advice from the experts on 
the main estate, and were gradual¬ 
ly offered contracts on imperial and pri¬ 
vate estates which covered not only the 
lifetime of an individual farmer but 
even those of his sons and grandsons. 

Furthermore, it was now profitable 
for many estate owners and imperial 
estates to free experienced agricultural 
slaves, permit them to marry, and to 
provide them contractually with land 
as coloni. Germanic and Eastern prison¬ 
ers of war were similarly settled on im¬ 
perial and private estate soil, although 
with some police supervision and with¬ 
out the legal protection given to Roman 
citizens and provincials in good stand¬ 
ing. On many of the plots of the coloni, 
subsistence farming more or less grad¬ 
ually replaced market farming again, 
but without the agricultural production 
potential and the technical comfort of 
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the Roman Empire peasantry, relapsing 
to pre-Hellenic, pre-Roman, or pre¬ 
historic levels. 

Owing to the troubles of the third 
century a.d., the latifundia of the time 
of the principate, with their rump 
estates and coloni, often changed over 
from imperial administration or from a 
rich city-dwelling owner to proper pa- 
trocinia. Army ollicers retired to such 
estates as their permanent abode, main¬ 
tained mercenary, private guard units 
(hucellarii), and protected their lands 
and those of their coloni not only 
against foreign invaders and inimical 
and friendly army units appearing in 
their region but also against visits from 
the imperial tax-collectors. Gradually, 
numerous free villagers, unbearably op¬ 
pressed by plundering soldiers and the 
tax-collectors, voluntarily ceded their 
lands to owners of neighboring patro- 
cinia, to be protected as coloni. The 
patrocinium owners, as a rule, knew 
how to use their influence at the im¬ 
perial court and, with the provincial 
administration, to obtain permission to 
collect all taxes from their coloni di¬ 
rectly and to pay no more than a fixed 
lump sum from the whole patrocinium 
territory into the imperial treasury. 

The native barbarians everywhere 
outside of the Empire’s frontiers, with 
the exception of the inhabitants of the 
Parthian kingdom, had so far been com¬ 
pletely unable to transplant and adapt 
to their own needs the pattern of tlie 
Greco-Roman city settlements without 
becoming Roman allies. The new Em¬ 
pire peasantry, however, with their 
semiscientific technical know-how, vil¬ 
lage craftsmanship, and use of a wide 
varietv^ of agricultural tools, plants, and 
domesticated animals, could be imi¬ 
tated more easily, especially as prison¬ 
ers of war from all neighboring barbar¬ 
ian countries had been trained as coloni 
in Roman agricultural production by 
Roman masters. It is not surprising un¬ 
der these circumstances that, from the 


second century a.d., agriculture in Ire¬ 
land, Scotland, free Germany, Scandi¬ 
navia, eastern Europe, and western Si¬ 
beria began to include the tools, plants, 
animals, and technical methods of clas¬ 
sical antiquity. 

The coasts of East and West Africa, 
the Sudan, Abyssinia, the more back¬ 
ward regions of the Middle East, the 
Arabian Peninsula, and Iran had been 
subject to similar trends from the third 
century b.c. and continued their agri¬ 
cultural refinement with stronger inten¬ 
sity than before. This is borne out by 
the results of excavations and by the 
thousands of technical words which are 
early intruders from Tatin and Greek 
into practically all languages of Europe, 
North Africa, and western Asia and arc 
connected with Greco-Roman agricul¬ 
ture and simple craftsmanship. A revo¬ 
lution of village life and village produc¬ 
tion began in a territory many times 
larger than the Roman Empire. Grad¬ 
ually, in this way, the agricultural foun¬ 
dations for the Western, Islamic, and 
Russian medieval civilizations were 
laid. 

The population of the Roman Empire 
under the principate at the time of 
Augustus amounted to between fifty 
and seventy millions, an estimate which 
has been accepted tentatively by the 
overwhelming majority of experts. The 
shrinking of the city settlements (with 
the exceptions mentioned on p. 175). 
almost everywhere throughout the Ro¬ 
man Empire during the third century 
A.D. has led many scholars to the as¬ 
sumption that this was a period of con¬ 
siderable population decrease, similar 
to that which has been guessed for those 
late Roman centuries during which com¬ 
parably troubled conditions prevailed, 
especially in Gaul, Britain, Spain, and 
North Africa. Unfortunately, our sources 
do not permit absolutely certain con¬ 
clusions to this difficult question. 

Excavations show that, different from 
the urban development, the number of 
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peasant plots and villages certainly did 
not decrease during the third century 
A.D., as Germanic and othc^r prisoners of 
war replaced in large numbers possible 
losses from the serious civil wars and 
foreign invasions of this period. In addi¬ 
tion, the Greco-Roman practice of vx- 
posing newborn babies to die was vir¬ 
tually discontinued wherever the popu¬ 
lation masses turned to Christianity. 
Therefore, it seems rather likely that 
the population of the Roman Empire, 
if it did not increase, at k'ast held its 
own during the third century a.d., as 
the late Professor Delbrueck maintained 
(1921) from mainly strategic considera¬ 
tions. Recent research by Professor 
Kahrstedt (1954), on the population 
numbers on estates which had taken 
the place of some small earlier poleis in 
Greece proper, leads to similar conclu¬ 
sions for the second and third centuries 
A.D., as far as the province of Achaia is 
concerned. At any rate, the Roman Em¬ 
pire seems to have gained in the agri¬ 
cultural sector at least as much during 
the third century a.d. as it lost in the 
town settlements. 

FROM A.D. 284 TO 565 

The late Roman period, from our 
point of view, cannot be classified as a 
time of outright decline. It is true that 
the great Emperor Diocletian and his 
successors, during the fourth and fifth 
centuries a.d., were able only to 
strengthen and maintain city life in 
their dominions by asking for very seri¬ 
ous sacrifices from practically all inhab¬ 
itants of the Roman Empire. The help 
of extensive and permanent state assist¬ 
ance given to most towns of the Empire 
and state control over the agricultural 
sector upheld a minimum for Empire 
defense and civilized Empire adminis¬ 
tration. In the subsequent eastern Ro¬ 
man Empire, however, city life re¬ 
covered and came into its own again as 
early as the fifth and sixth centuries a.d. 
Constantinople and other eastern Ro¬ 
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man town centers continued to increase 
in size. 

Even in territories, like Britain, which 
were lost to the Empire, money econ¬ 
omy and local money trade remained 
to a noticeable extent, at least region¬ 
ally. Our museums today include the 
so-called minimi and minimissimi, tiny 
bronze coins issued by local, and prob¬ 
ably private, mints for small shopping 
transactions of the population after the 
Roman administration had left Britain 
in the early fifth century a.d. and all 
Roman mints had closed down. Diocle¬ 
tian and Constantine the Great, early 
in our period, were able to create a 
gold currency, that of the solidus, or the 
later bezant, which was essential for 
trade transactions of the world from 
Scotland and Scandinavia to India and 
from Russia to Abyssinia for more than 
a full millennium and which was not 
adulterated or diminished in weight for 
almost a thousand years. 

For bills of exchange, known for the 
later part of the period from Alexander 
to Augustus, we cannot prove, on the 
basis of present evidence, that they 
survived into the earlier or later cen¬ 
turies of the time of the principate. 
Since the fifth century a.d., however, 
bearer documents are mentioned again 
in the Talmuds, Iranian, Arabic, and 
Byzantine sources, indicating a rejuve¬ 
nation of money and town economy in 
the eastern Mediterranean area. These 
late Roman and Oriental bearer docu¬ 
ments are the models for the bills of 
exchange in Latin, which initiated 
medieval conditions in this field in 
Frankish western Europe. 

Foreign trade in cheap mass prod¬ 
ucts was almost exclusively organized 
by the Roman state during the first two 
centuries of the period but gradually 
stood again on its own feet in the east¬ 
ern Roman Empire from the fifth and 
sixth centuries a.d. onward. Only to the 
west of Constantinople, in the same 
period, was local city trade and bank- 
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ing on the downgrade. Trade in luxury 
products increased in intensity during 
the late Roman period in the west and 
east, and new products, like Asiatic and 
Mediterranean silk, supplemented the 
earlier valuable products. Naval trans¬ 
port conditions and overland transport 
on most Roman roads vv^ere inferior only 
in times of war to those of the second 
and third centuries a.d. Overland trans¬ 
port was even improved during the 
Byzantine centuries when the originally 
Chinese inventions of saddle and stirrup 
gradually became known in the eastern 
Mediterranean area and subsequently 
farther west. Many technical peculiari¬ 
ties of Greco-Roman craftsmanship 
came more and more to be used in vil¬ 
lages. Special skills which were not 
profitable in the agricultural sector were 
kept alive and often improved in the 
famous imperial factories, mainly of 
Constantinople, where privileged crafts¬ 
men worked for the requirements of the 
imperial court, the army and navy, the 
administration, and occasionally private 
buyers. 

Neither were technical inventions and 
new professions of craftsmen mis.sing. 
Better steel was now made. The earliest 
chemical formulas preserved on papy¬ 
rus are known from the early fourth 
century a.d. The first reference to Greek 
fire, a potent mixture of unburned chalk, 
petrol, and saltpeter, belongs to ap¬ 
proximately A.D. 500. An independent 
silk weavers* craft began to develop 
after a.d. 552-53. Numerous craftsmen 
of various professions were resident on 
the soil of the patrocinia and worked 
for local nc^eds. More important, still, 
was a completely novel, late Roman 
type of economic unit which combined 
many proh^ssions of craftsmanship with 
agriculture. 

In Eg\'pt of the early fourth century 
A.D., mona.steries sprang up in which 
manual labor was considered to be a 
religious duty. In large Egyptian units 
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of this kind, like the “White Monastery,** 
there were more craftsmen at work in 
a co-ordinated manner than in any 
Greek ergasterion or Roman fabrica of 
earlier centuries. As far as agriculture 
was concerned, such monasteries had 
access to all Greek and Latin works on 
agricultural science or related subjects, 
either in the original or in translations 
into an oriental language of the Middle 
East. These monasteries proved espe¬ 
cially able in making desert lands or, 
from the sixth century a.d. onward in 
the West, forest, fen, and other waste 
lands as fertile as the climate and the 
agricultural knowledge of their time 
permitted. Many monasteries even spe¬ 
cialized in this backbreaking work of 
agricultural colonization. 

It is well known that, after tentative 
experiments in Italy, the Provence, 
Spain, and North Africa, the Benedic¬ 
tine monasteries of the sixth century 
a.d. finally found the pattern by which 
this originally Egyptian form of reli¬ 
gious community life could become an 
integral stimulus for the western Middle 
Ages. They prevented any real collapse 
of civilization in the countryside and 
even the earlie.st cities, any far-reach¬ 
ing agricultural deterioration even in 
troubled times, or any permanent aban¬ 
donment of potentially fertile soil. Here, 
in this and in many other fields of activ¬ 
ity, it is obvious that late Roman agri¬ 
culture was as active and open to im¬ 
provements as in earlier ages, in spite 
of all the difficulties and troubles of the 
time of migrations in West and East. 

The silkworm and the specialized, in¬ 
tensive cultivation of the mulberry 
plant were introduced into the eastern 
Roman Empire from Central Asia in 
A.D. 553 or so. New types of cucumber, 
better breeds of dogs, “Arabic” horses, 
camels, and hunting birds were pro¬ 
duced, and the number and specializa¬ 
tion of agricultural tools further in¬ 
creased. The inherited agricultural text- 
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books were supplemented by new works 
and by more or less modernized and 
embellished translations. Modem au¬ 
thors often have expressed severe judg¬ 
ments about late Roman agricultural 
conditions, because serfdom of the orig¬ 
inally free coloni, which had begun 
during the third century a.d., became 
practically universal during the fourth 
and the early fifth centuries a.d., swal¬ 
lowing up most of the free villagers al.so. 

Rut one usually forgets that this de¬ 
velopment was only temporary as far 
as the eastern Roman Empire was con¬ 
cerned. Feudalism was suppressed to a 
very marked degree, and the binding 
of the peasant to an estate was lifted or 
mitigated from the sixth century a.d. 
onward, a change which was strongly 
supported by the Christian church. In 
the seventh century a.d., Byzantine 
peasantry was organized, as a nile, into 
military {themafa) and civilian villages 
and was practically free again. The be¬ 
ginnings of this structural change of 
great world historic importance appear 
as early as the sixth century a.d., in the 
papyrus evidence from Egypt, in Chal- 
cedonian and monophysitic church au¬ 
thors of the sixth and early seventh cen¬ 
turies A.D., and in the much-discussed 
agricultural reform legislation of Pope 
Gregory the Great. 

Only the West, under Visigothic, 
Frankish, Burgundian, and Lombard 
rule, remained dedicated to peasant 
serfdom for political reasons during 
these centuries. But, even so, the popu¬ 
lation of the countryside certainly did 
not, as a rule, decrease, nor was soil 
fertility undermined. In the Frankish, 
Burgundian, and Alemannic territories 
and in Anglo-Saxon Britain, modern ex¬ 
cavations have revealed numerous Ger¬ 
manic villages on the soil of earlier im¬ 
perial and private Roman estates, evi¬ 
dence of numerous families making a 
living where only a small agricultural 
and administrative staff of servants had 
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dwelt before. Recently discovered Latin 
documents from Vandalic North Africa 
show that life was certainly not as much 
disturbed as Latin and Greek authors 
rc'port for this area. 

In Italy air photography has proved 
that, whatever damage Ostrogoths, 
Lombards, and Byzantine generals 
mav have done to agriculture in the 
fifth and sixth centuries a.d., during 
temporary warlike operations, was re¬ 
paired quickly, the Benedictine monas¬ 
teries even improving regionally on the 
earlier state of affairs. Egyptian agri¬ 
culture, as Professor Johnson recently 
has pointed out (Johnson and West, 
1949), and likewise the agriculture of 
Syria and Palestine do not seem to have 
suffered at all, except from temporary 
Persian invasions. Transjordania and 
other semidesert territories of the Ro¬ 
man Middle East flourished more than 
ever, especially as these regions were a 
favorite haunt of eremites and monas¬ 
teries and experienced, in addition, an 
enormous population increase from 
Arabic immigrants. This occurred long 
before Islam, a migration movement 
which was especially intensified after a 
dam break of Marib in a.d. 450, and the 
final collapse of the artificial irrigation 
system of southern Arabia between 
A.D. 542 and 570 diminished enormously 
the agricultural productivity of southern 
Arabia. 

Asia Minor and the Greek-speaking, 
southern part of the Balkan Peninsula 
were made the center of the eastern 
Roman Empire during this period and 
experienced in consequence a sizable 
increase in their town and village popu¬ 
lations. The political weakness of the 
late Roman Empire in the east and west 
and the final loss of Italy, the western 
Roman provinces, the Roman Middle 
East, and the North Balkan regions was 
not caused by a permanent economic 
decline of the Empire structure or a 
population decrease. The main reason 
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for this far-reaching political change 
was that the imperium Rotninanji, and 
also the Persian kingdom, had ceased 
to be the only ci'vili'ze<f torritorios of tho 

world outside oE India and China. 

The technical methods and the essen¬ 
tials of Greco-ftornan civilization in 
their Christian refonnnlation were taken 
over during the last period of classical 
antiquity by practically the whole of 
Europe, large parts of western and Cen¬ 
tral Asia, East Africa, and Arabia. As a 
result, the military superiority of the 
Roman army was undermined, and Em¬ 


pire defense became more difficult and 
often impossible. 

Finallw new civilizations arose in 
w'hiit is now the Islamic Middle hasty 
in Abys.sinia, in the Romance, Ger¬ 
manic, Celtic, and Western Slavic¬ 
speaking West, and in eastern Europe. 
These daughter-civilizations were, in 
the course of time, to surpass by far 
their Greco-Roman mother-civilization, 
albeit bringing, during their later his¬ 
tory', soil destruction tf) more than orK‘ 
region which had flourished during 
classical antiquity. 
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The CAenrin^ of the WoodUmd in Eiirofn 

TT. C. DARBY" 


Perhaps the greatest single factor in 
the evolution of the European land¬ 
scapes has been the clearing of the 
wood that once clothed almost the en¬ 
tire continent. The presence of wood¬ 
land, and the efiFort to use it or subdue 
it, has been a constant motif through¬ 
out the history of successive centuries; 
and the struggle has left a mark, often 
upon the form and intensity of human 
settlement, and always upon the gen¬ 
eral character of the landscape. The at¬ 
tack, begun in prehistoric times, has 
been continued from innumerable cen¬ 
ters, and, little by little, as population 
has grown, the wood has given way to 
pasture and to arable land. But the 
clc^aring has not been a continuous or 
sustained process, for at times the for¬ 
est has reasserted itself and crept back. 
Nor has the clearing been complete, for 
substantial tracts of wood still remain. 
But the net result has been ever more 
open space; and man, driven by eco¬ 
nomic motives, and as if relenting at the 
success of his attack, is now seeking to 
stay, or at any rate to regulate, the clear¬ 
ing and to place the care of forests upon 
a rational basis. “The woods”—their de- 
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h‘ge, London. He is a member of the Royal 
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land). He edited An Historical Geography of 
England before A.D. 1800, 1936, and his 
publications include: The Medieval Fenland, 
1940; The Draining of the Fens, 1940; and 
The Domesday Geography of Eastern Eng¬ 
land, 1952. 


stniction and its consequences and the 
need for a policy of conservation—was 
one of the main themes of George P. 
Marsh’s Man and Nature, which first 
appeared in 1864. 

Broadly speaking, the clearing has 
liad its own characteristics in each of 
the three regions of European history— 
Southern Europe, Central and Western 
Europe, and Eastern Phirope. Although 
this division into three is not very pre¬ 
cise, it is a conv(»nient one. In Southern 
Europe, under Mediterranean condi¬ 
tions of climate and soil, the forest was 
open in character and was composed 
largely of evergretm oaks and pines. 
Once c leared, it showed less regenera¬ 
tive power than did the forests to the 
north; already by classical times much 
of it seems to have disappeared, leaving 
behind scrub and, in places, bare sur¬ 
faces exposed to soil erosion. In the 
second region, in Western and Central 
Europe, the temperate forest zone is 
dominated by the oak, mixed with a 
variety of other deciduous trees, includ¬ 
ing the beech, but giving way to coni¬ 
fers on the higher ground. It was not 
until the Middle Ages that the main 
outlines of the clearing of this dense 
woodland were sketched, and the story 
of that clearing is relatively much bet¬ 
ter documented than the story else¬ 
where in Europe. The third region is 
that of Eastern Europe, with which the 
north may be linked. The mixed forest 
of Central Europe stretched into this 
region, but without the beech, which 
may be regarded as an indicator of the 
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contrast between peninsular and conti¬ 
nental Europe (Fig. 54). in (he south 
lie the steppes which, if they ever bore 
forests (and they may well have), must 
have been cleared in pre*classicaJ times. 
In the north lies the coniferous belt 
where agriculture is restricted and 
where man’s imjwssion has been rela¬ 
tively slight 



Fu;. 54.—Europe: limits of certain trees 


THE MEDITERRANEAN LANDS 

Classical Tunes 

The difference between the climate 
of the Mediterranean Basin and that of 
the rest of Europe is striking. The rain¬ 
fall of the three summer months (June, 
July, August) rarely exceeds six inches, 
and in many areas it is less than two. 
The northward limit of the olive follows 
very closely that of truly Mediterranean 
conditions (Fig. 54). As a re.sult of this 
climate, the characteristic Mediterra¬ 
nean for(\st grows in open formation 
and is largely evergreen in character; it 
comprises such species as the Aleppo 
pine and various kinds of evergreen 
oak, particularly the holm oak and the 
valonia oak. To what extent the Medi¬ 
terranean lowlands were originally 
covered by forest is uncertain, but it is 
clear that there was, and is, much local 
variation, with gradations northward 
into the dense deciduous woodlands of 
Central and W( stern Europe and south¬ 


ward into the scatter of solitary, thorny, 
and spiny shrubs of steppe and desert. 
In the mountainous areas within the 
basin, the characteristic open forest 
gives way to a wood cover that resem¬ 
bles that to the north; here are the 
beech, the Spanish chestnut, and species 
of deciduous oak, and these, in turn, 
merge higher up into various kinds of 
hr mixed" with, or dominated by, the 
black pine. This is so in the Pyrenees, 
the Alps, the Apennines, and the Balkan 
Mountains. The same succession in 
varying degrees is encountered in the 
higher parts of Sicily, the Peloponnesus, 
Crete, and Cyprus. 

Classical writers provide abundant 
indications of the existence of wood 
(Semple, 1931). Homer, maybe as early 
as the ninth century b.c., spoke of 
“wooded Samothrace,” of “wooded Za- 
cynthos,” of the “tall pines and oaks” of 
Sicily, and of other “wooded country.” 
He told how Sarpc'don fell in battle 
“as falls an oak or silver poplar, or a 
slim pine tree, that on the hills the ship¬ 
wrights fell with whetted axes, to be 
timber for shipbuilding.” And he de¬ 
scribed the noise of battle as “the din 
of woodcutters in the glades of a moun¬ 
tain.” In another metaphor he com¬ 
pared the press of battle with the con¬ 
sequences of fire in this land of parched 
summers: “Through deep glens the 
fierce fire rages on some parched moun¬ 
tain-side, and the deep fore.st burns, 
and the driving wind whirls the flame 
every way.”^ Thucydides also knew of 
the consequences of forest fires and 
wrote of “spontaneous conflagrations 
sometimes known to occur through the 
wind rubbing the branches of a moun¬ 
tain forest together.”^ Once destroyed, 
whether by chance fire or by the hand 

1. The references from Homer are as fol¬ 
lows: Iliad xiii. 13; xvi. 482—84; xvi. 643-46; 

XX. 490—92 (see also x. 154-57; xxi. 340-49); 
Odyssey i. 246; ix. 186 (see also xiii. 243-46; 
xiv, 1-2). 

2. Thucydides History of the Peloponnesian 
War ii. 77. 
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of man, the forest could regenerate it¬ 
self only with difficulty, for the new 
growth found an implacable enemy in 
the goat. By the fifth century b.c. the 
destructive nibble of the ^oat up the 
mountainsides was already well ad¬ 
vanced. Plato in the Critias provides us 
with a theory of the consequences of 
the destruction of wood. Not long since, 
he wrote, the soil of Attica was deep 
and carried “much forest-land.*' But its 
trees had disappeared, some to provide 
rafters for the roofs of Athenian build¬ 
ings; and, as he wrote, Attica was a 
naked upland: “What now remains 
compared with what then existed is 
like the skeleton of a sick man, all the 
fat and soft earth having been wasted 
a\\'ay, and only the bare' framework of 
the land being left.”® 

But, although Attica was thus laid 
bare by the fifth century b.c., much of 
Greece, and indeed of the whole basin 
of the Mediterranean, was still wc'll 
wooded. It was Theophrastus, who, in 
the following century, wrote the En¬ 
quiry into Plants, which provides us 
with considerable information about the 
forests of his time. He referred to the 
forests of the plains, but it is about the 
more important forests of the uplands 
that lie gave us most detail. It was they 
that best produced “serviec'able timbc'r”; 
the trees, he wrote, “that grow on the 
level parts of the mountains are special¬ 
ly fair and vigorous; next to these come 
those which grow on the lower parts 
and in the hollows; while those that 
grow on the heights are of the poorest 
quality,” presumably because of their 
stunted nature. He repeatedly referred 
to the timber of many parts of Greece 
and of western Crete. Beyond Greece, 
he noted the fir and pine of I^atium and 
southern Italy, but he added that these 
were “said to be nothing to the trees of 
Corsica.” Various species of trees were 
discussed and their suitability noted for 
shipbuilding and for housebuilding—for 

3. Plato Crifios lllBC. 


rafters and beams, for yardarms, masts 
and keels, for making charcoal, and fot 
‘ the carpenter's various purposes.”* 

In the centuries that followed, a vari 
ety of other classical authors fill out the 
picture of the Mediterranean forests, 
giving details about this locality or that. 
Strabo, in his Geography, at the begin¬ 
ning of the Christian Era, showed that 
the woods of many Mediterranean up¬ 
lands still survived in abundance. In the 
west, the mountains of southeastern 
Spain were described as “covered with 
thick woods and gigantic trees,” and 
these furnished timber for shipbuilding 
as well as other forest products, such as 
pitch and kermes berries. In the north 
the Spanish slopes of the Pyrenees were 
likewise “covered with forests contain¬ 
ing numerous kinds of trees and ever¬ 
greens,” which yielded excellent hams 
(equal to those of the Cantabrians), 
presumably from the sv/ine that fed in 
their shade. Marseilles was famous for 
shipbuilding; and, eastward, in the 
hinterland of Genoa, the Ligurian 
Mountains furnished “plenty of wood 
for the construction of ships.” In the Po 
Basin the woods contained “such an 
abundance of mast, that Rome was 
principally supplied from the swine fed 
there”; the pitch works were “amazing,” 
and so were the large casks produced 
for wine. The central Apennines and 
the hills of Etruria provided wood for 
the “ceaseless building” that went on in 
the Eternal City itself. In the southern 
Apennines the Sila Mountains yielded 
“fine trees” and the excellent pitch that 
was noted by many writers. Across the 
Straits of Messina, in Sicily, there were 
“woods and plantations of all kinds.”® 
The Alps and Corsica, although Strabo 

4. The references are from Theophrastus 
Enquiry into Plants Books iii, iv, and v, pas¬ 
sim. 

5. The references from Strabo’s Geography 
are as follows: 3. 4. 2; 3. 2. 6; 3. 4. 11; 4. 1. 
5; 4. 6. 2; 5. 1. 12; 5. 2. 5; 5. 3. 7; 6. 1. 9. 
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does not say so, were prominent 

Jiiinber regions at this time.'* 

Strabos references to the lorests of 
the eastern MediteTraiiean Basin aic 
not so nnineroiis, Kmt he teJIs a stoiy of 
Cyprus that may wi'll have exemplified 
what hud also huppened chewhere: 

Erutosthencs suys fhaf anciently the plains 
alioiindeci with tiinJx'r, aiicl were cov'ered 
wit/i inrests, which prevented cultivation; 
the mines were of sonic scrv'ice; towards 
clearing the surface, for trees were cut down 
to smelt tfie copper and siKcr. Besides this, 
timber was required for the coiistructicm of 
fleets, as the sea was now navigated with 
se'cnrily and hv a large naval forc^e; but 
when even tliese means were insuflBcient to 
cheek the growth of timber in the forests, 
permission was gi\ en to such as were able 
and inclined, to cut dowai the trees and to 
hold the land thus clc^ared as their own 
[)rop(Mtv, free from all payments. 

Yet, even in Strabo’s time, the western 
promontory of Acamus was covered by 
"a large forest.” That the Macedonian 
forests w'ere still in existence is evident 
from Strabo’s references to ''dockvards 
for shipbuilding” along the northern 
coast of the Aegean; Crete, too, could 
still be d(\scribed as wooded.*^ That the 
relo];)onnesiis was also well woodc'd at 
this time we may assume from the fact 
tliat Pausanias’ Description of Greece, 
written in the second century a.d,, re¬ 
fers to trees (cy]3ress, oak, and pine) on 
the plains as well as in the higher moun¬ 
tain K gions. It was the same to the 
north of the Gulf of Corinth and in 
Boootia.® 

The general impression left by these 
and otlier classical authors is that the 
Mediterj anean lands were then more 
densc'ly wooded than they are today 

6. PHnv Natural Historv 16. 15, 16, 18, 29; 

18. 15, lb. 

7. Thrr rcfcn'iu cs from Strabo's Oeofj^raphi/ 
arc as follows: 14. 6. 5; 14. 6. 2; Frags. 33 
and 36; 10. 4. 4. 

S. Pausaoias Description of Greece 5. 

4; 7. 26. 10; S. 1. 6; 8. 11. 1; 8. 12. 1; 

38. 5; 8. 54. .5; 9. 24. 5; 10. 38. 9. 


but that already there had been con¬ 
siderable clearing and that the exten¬ 
sive forests vvhicli remained were for 
the most part in the mountainous areas. 
Tow ard the cud of the classical period, 
in tlie economic crisis that befell the 
Boinan Empire during the third and 
fourth c(‘nturi(‘.s, the progress of clearing 
was halted. What is more, land that liad 
once been tilled became derelict and 
overgrowui. Lactantius, writing in about 
A.D. 300, said tersely: “The fields were 
neglected; cultivated land became for¬ 
est” (Koehner, 1941, p. 24). By the end 
of the fourth century, in ^395, large 
tracts c)f the once-fertile province of 
Campania, for example, were derelict, 
and this even before the war bands of 
the Coths and Vandals had set foot in 
the pcminsida of Italy.** 

Postclassi(a 1 Times 

It is difficult to construct, even in out¬ 
line, a narrative of the vicissitudes of 
ek'aring in postclassical times. The con¬ 
ditions were so varied, and the record 
is incomplete; but the general facts are 
not in doubt (George, 1933; Parain, 
1936; Turrill, 1929). When the Mcdi- 
t(»rranean region emerged from the con¬ 
fusion of the barbarian impact, wo see 
mem at work once more cutting down 
trees to satisfy the demands of agricul¬ 
ture, pasture, and industry and also for 
a variety of miscollaiUMHis purposes. 

In medieval Italy, for example, the 
cultivated area was extended slowly 
and laboriously, partly by diking and 
draining but also by clearing forest, 
an*d landowners encouraged such pio- 
ne^ering by offering favorable terms 
(Caggese, 1907-8, I, 157 ff.; II, 216 ff.). 
Not only were the lands of existing 
communities extended but new com¬ 
munities were founded in the wilder¬ 
ness by both lay and ecclesiastical land- 

9. J. B. Bury (cd.), Edward Gibhon*s The 
History of the Decline and Fall of the Roman 
Empire (London: Motluien & Co., 1897), II, 
191. 
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lords. In this way was the fruitfulness 
of such places as inland Tuscany 
created. 

The wood found an enemy not only 
in the cultivator but in the pastoralist. 
The practice of transhumance, so com¬ 
mon in Mediterranean lands, meant 
that destruction by animals was ex¬ 
tended over wide areas. In Spain the 
powerful orj:^anization of the Mesta, 
which controlled the large-scale annual 
migrations of Castilian flocks, was able 
to safeguard pasturage at the expense 
of the woodland; and, wrote Klein 
(1920, p. 307), “there can be no doubt 
that the Castilian forests suffered se¬ 
verely from the regular visits of the 
millions of migrating sheep.” Various 
conservation measures adopted in the 
thirteenth century seem to have had 
some effect, but sixteenth-century de¬ 
scriptions contrast the naked desolation 
of Castile with the dense forests of the 
northern coast (ibid,, p. 321). In vary¬ 
ing degrees, woodland c^lsewhere also 
suffered from the moving flocks and 
their shepherds. It was the same in 
Mediterranean France, in the hill coun¬ 
try of the Apennines, and throughout 
the Balkans. Patsch gives instances 
(1922, pp. 23-26) of the deliberate de¬ 
struction of forests and brushwood to 
provide new pasture throughout the 
Balkans. The havoc wrought by graz¬ 
ing lay not only in its destruction but 
also in its prevention of new growth. 
Even much of the bare karstlands were 
once wooded and could be made to 
carry trees once more if grazing ani¬ 
mals were excluded. 

Industry also took a heavy toll. The 
demands of tanning and of charcoal¬ 
making were important locally, and 
Patsch {ibid., p. 28) has shown how 
destructive were the efforts of charcoal- 
burners in Herzegovina. The silver and 
copper mines of Serbia and Bosnia, the 
silver and quicksilver of Guadalcanal 
and Almaden in southern Spain, the 
iron of the Basque provinces, the iron 
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and the alum of the Italian Penius. tla - 
all needed much timber. The coming of 
the railway brought new demands 
its own purposes and also facilitated 
the transport of sawn timber elsewhere' 
But the greatest of the wood-devouring 
industries in the Mediterranean area 
may well have been shipbuilding. The 
medieval fleets of the Byzantine Em¬ 
pire, of Venice, Genoa, and other Ital¬ 
ian maritime states, and of Catalonia 
were launched at the expense of the 
Mediterranean forest. The Venetian 
Republic might once have held “the 
gorgeous east in fee,” but part of the 
price of this sovereignty was the bare¬ 
ness of the Adriatic coastlands; and 
during the fifteenth and sixteenth cen¬ 
turies Venice had to face the problem 
of diminishing timber supplies (Lane, 
1934, p. 217; Turrill, 1929, p. 197). 
Along the eastern Adriatic shore was 
the city-republic of Ragusa, which has 
given us the word “argosy”; shipbuild¬ 
ing here was always an important in¬ 
dustry, and its grand fleet denuded the 
fore ;ts of the mountains behind and of 
the islands near by. One of the com¬ 
plaints in her last dispute with Venice 
in 1754 was that the Venetians had il¬ 
legally cut down wood in Ragusan ter¬ 
ritory (Villari, 1904, p. 328). Farther 
south timber was also being cut at this 
time, and Lord Broughton, who trav¬ 
eled here with Lord Byron, noted that 
“the woods of Albania, before the 
French revolution, furnished Toulon 
with timber for ship-building.”^® It was 
the same elsewhere in the Mediterra¬ 
nean area. Even Spain, in the days of 
the Armada, looked as far away as the 
Baltic for suitable timber (Albion, 
1926, p. 183). 

Warfare, both regular and irregular, 
increased the pace of destruction. Peter 

10. J. C. Hobhouse /Baron Broughton), A 
Journey through Albania, and Other Provinces 
of Turkey in Europe and Asia, to Constanti¬ 
nople, during the Years J809 and 1810 (Lon 
don: James Cawthorn, 1813), p. 74. 



188 Man\s Role in ('hangin 

Mundy, in 1620, observed that ‘whole 
woods” of pine trees in westt rn Bosnia 
were "cutt downe to tlie iiiound. To 
prevent Theeves that usually lurked 
amon£(e them.”’^ Dining the Turkish 
wars of the lS70s and 1880 s great 
stretches of timber were aJso felled^ for 
strategic reasons, along the Bulgaiian 
and Serbian frontiers^" At the other 
end of the Mediterranean, in Spain, 
much wood disappeared during the 
wars of the reconqiicst from the Mos¬ 
lems (Canovas del Castillo, 1910, p. 
43); and then again, during the Penin¬ 
sular and Carlist wars, the woods that 
sheltered rebels and brigands were de¬ 
stroyed. 

Much wood has also been cut for 
building, for fuel, and for a hundred 
and one domestic purposes. A frequent 
method of felling trees, in the Balkan 
Peninsula at any rate, was to make a 
lire at the base of a tree and burn 
through the trunk. It is not surprising 
that accidental forest fires were com¬ 
mon in such a dry land. W. M. Leake, 
for example, recorded an accidental fire 
in southern Cephalonia: “The bare 
stems are now,” he wrote in 1835, “con¬ 
spicuous monuments of the misfor¬ 
tune.”^^ It was not the first forest fire in 
Cephalonia, and such blackened monu¬ 
ments were also to be found in other 
places. Conifers were a source of resin, 
tar, and pitch, and Leake encountered 
an example of destructive exploitation 
in central Grcjece—“a forest which seems 
as if it would not long exist, as the 
greater part of the trees are in a proc¬ 
ess of destruction for the purpose of 
collecting their resin to make pitch”; 
hacked and wounded over a number of 
years, the trees could not survive.^* In 

11. 77ic Travels of Peter Mundy, in Europe 
and Asia, ](i08~1667 (Cambridge; Hakluyt 
Society, 1007), I, 84. 

12. A. Stead, Servia by the Servians (Lon¬ 
don: Ileincmann, 1909), p. 255. 

13. Traveh in Northern Greece (London: 

J. Rodwell. 1835), HI, 59. 

14. Jbid.y II, 380. 


g the Face of the Ecfth 

the growth that followed the destruc¬ 
tion of a pine forest, the beech with its 
dense shade frequently gained at the ex¬ 
pense of the conifers; stumps of coni¬ 
fers are recorded in beech forests in the 
Shar Planina region on the Serbian- 
Albanian border. Or, again. Mount Pe- 
lion in Thessaly carried conifers in clas¬ 
sical times, but they have been largely 
replaced by beech and oak (Turrill, 
1929, p. 195). 

The result of this interference, human 
and animal, coupled with the dry cli¬ 
mate and the poor soil, is that much of 
the Mediterranean lands are covered by 
seminatural brushwood communities. 
The names given to this scrub in all its 
variations are many—garr/gf/c, inacfuis, 
m(icchic\ rnatorraU monte bajo, phry- 
gana—and among its constituents are 
such aromatic shrubs as lavender, myr¬ 
tle, rosemary, and thyme. The decidu¬ 
ous brushwood of the higher Balkan in¬ 
terior is known by the Serbian name of 
shiblyak. Varied by dwarf evergreens, 
this scrub is encountered from Portugal 
to the Dardanelles, and, with its asso¬ 
ciated pastures, it is the grazing ground 
of sheep and goats. Where the soil is 
thin or otherwise unfavorable, the veg¬ 
etation becomes even more open, and 
bare rock appears between the stunted 
shrubs. The menace of soil erosion 
broods over the whole area. The devel¬ 
opment of state forest services and of 
programs of afforestation in the Medi¬ 
terranean countries is the answer to this 
challenge, but the diflBculties presented 
by the legacy of bare surfaces are for¬ 
midable. 

CENTRAL AND WESTERN EUROPE 

Prehistoric and Roman Times 

It has long been recognized that the 
heavier impervious soils carried great 
stretches of wood at the dawn of pre¬ 
history in Central and Western Europe; 
and it was thought, until recently, that 
the lighter soils, on the other hand, were 
open and treeless. Penck suggested that, 
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for example. Neolithic settlements were 
concentrated in loess country because 
it may have been as free from forest “as 
the prairies of the North American 
West” (1887, pp. 437-41). This was the 
thesis developed by Gradmann in a 
succession of publications (e.g., 1898, 
1901, 1906, 1931). He believed that 
these early communities were almost 
incapable of clearing woodland and 
that, as a corollary, the areas which they 
colonized must have been forest-free, 
or, at any rate, only lightly forested. 
This open character he attributed to a 
dry climatic phase during the subboreal 
period (between about 2500 and 500 
B.c.) that followed an earher forest 
phase; it was the spread of steppe-heath 
conditions over the loess and other light 
soils that, according to this view, gave 
the Neolithic farmers their opportunity. 
It was a view that was widely accepted 
(e.g., by Hoops, 1905, p. 99). 

But the development of the technique 
of pollen analysis (Godwin, 1934) 
brought with it the realization that even 
the lightest soils were not devoid of 
wood when farming first began and 
that, for example, so-called “natural 
heath” had its origin in the clearing of 
its wood by Neolithic farmers (God¬ 
win, 1944h). The pollen of forest trees 
in many localities is abruptly replaced 
by that of other vegetation, and the 
light soils are revealed not as treeless 
steppes but as areas of vigorous tree 
growth (Tiixen, 1931; Garnett, 1945). 
Even the dry Alfold of the Hungarian 
plain, noted for its steppehke character 
in Europe, is said to have been origi¬ 
nally wooded (De So6, 1929, p. 335), 
although others have thought this view 
an exaggeration (Rungaldier, 1943, p. 
55). Schott (1952, p. 266) likewise 
thinks that it is an exaggeration to at¬ 
tribute all the heaths along the coast of 
northwestern Germany to human inter¬ 
ference; he believes that, in any case, 
they would have been formed on the 
oorest land as a result of a gradual 
eterioration of the soil. 
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We must then envisage the priinilive 
landscap(^ of Central and Western In 
rope as covered by a mantle of forest, 
broken only where the Alps, the Car¬ 
pathians, and a few other mountains 
rose above the tree line, and where oc¬ 
casional stretches of country, for one 
reason or another, were too sterile or 
too marshy. It was a broad-leaved for¬ 
est, where oak generally predominated, 
but mixed with such other trees as elm, 
beech, and lime, and with an under¬ 
growth of hazel. In its shade lived some 
Mesolithic hunters and food-gatherers, 
opening up small areas for their dwell¬ 
ings, using tree trunks for boats, and 
finding in the forest both fruit and 
game (Childe, 1931). 

With the advent of agriculture in 
Neolithic times, the wood in places was 
cleared partly by the ax and partly by 
fire. There is abundant evidence of the 
use of the flint or stone ax in Neolithic 
times, and modem experiment has 
shown that trees can be cut down rela¬ 
tively easily with these implements; a 
polifhed ax is superior to a chipped ax 
(Nietsch, 1939, p. 70). Flint mines sup¬ 
plied the material for the axes, and 
widespread trade contacts disseminated 
it. Grenier instanced (1930, p. 29) the 
large number of broken polished axes 
found when the wood around the spring 
of Bonnefontaine in Lorraine was 
cleared; it seems that the spring had 
attracted settlers who destroyed the 
wood around it and cultivated the land. 
In a later age the forest re-estabhshed 
itself, only to be cleared once more to 
reveal evidence of the earlier effort. 
The other method of clearing was by 
fire. Iversen found, in the bog of Ord- 
rup in Denmark, a marked and wide¬ 
spread layer of charcoal at the level 
where forest pollen abruptly decreased; 
burning seems to have been followed 
by cultivation, for it is at this level that 
the pollen of cereals and of weeds ap¬ 
pears. Here, suggests Iversen (1941), is 
an example of Brandwirtschaft and of 
forest clearance by Neolithic farmers. 
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Once a wood was cleared, whether by 
the ax or by Bre, grazing by domestic 
animals must have done much to hin¬ 
der or prevent regeneration. 

Grenier regarded the great achieve¬ 
ments of the Neolithic age as "the do¬ 
mestication of animals, the invention of 
agriculture, and the conquest of land 
under forest'’ (1930, p. 28). But we 
must not tliink of wholesale and neces¬ 
sarily permanent destruction of large 
tracts of wood; the stumps, for exam¬ 
ple, may well have remained for long, 
as the^y did in some clearings of a much 
later age (see below). "What in reality 
we have to envisage,” writes Clark, "is 
the temporary clearance of restricted 
areas carried out in successive stretches 
of forest, many of which re-established 
themselves as the farmers and their 
stock moved elsewhere” (1945, p. 67; 
cf. 1944 and 1947). 

During the succeeding prehistoric 
ages of bronze and iron there was some 
extension of the areas of settlement, but 
on the whole such extensions were few, 
and development seems to have been 
toward a more intensive utilization of 
the area already occupied (Gradmann, 
1901, p. 374). This is seen, for example, 
from the maps accompanying Fox’s 
study (1923) of the Cambridge region. 
Nor is this diflScult to explain, for it was 
not until the close of prehistoric times 
that the farmer possessed a heavy, 
wlieeled plow with which he could at¬ 
tack the heavier and ill-drained soils. 
The clay lands, therefore, continued for 
long in the shade of their dense woods. 
Certainly at the dawn of history Europe 
was covered with immense forests. In 
the first century before our era, the so- 
called "Hercynian Forest” of the clas¬ 
sical authors stretched eastward from 
the Rhine for a vast distance. Caesar 
tells of men who had journeyed through 
it for two months without reaching an 
end, and other writers commented upon 
its somber solitude.’® Yet it seems clear 

15. Caesar Gallic War 6. 25. 
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that this forest was not as continuous nor 
as formidable as some classical allu¬ 
sions suggest, and we hear of clearings 
and of unforested areas and of the 
movement of troops through the forest 
itself (Dopsch, 1937, pp. 30-32). Still, 
the woodlands of Germania were very 
extensive, and within the Roman Em- 
pire, in Gaul and Britain, there were 
also large wooded tracts. In Britain a 
gc)od deal of clearing took place locally, 
but "there is nothing to suggest a whole¬ 
sale and general destruction” (Fox, 
1923, p. 225), and the same is true of 
Gaul (Jullian, 1920, p. 179). 

The Middle Ages (to A.D. 1500) 

During the barbarian invasions it is 
difficult to perceive what happened to 
the Roman clearings. Documents of the 
time speak of deserted lands, vastinae 
or solitudines; and, although this im¬ 
pression may have been exaggerated 
(Dopsch, 1937, p. 92), it seems clear 
that the woods crept back over many 
neglected fields (Boissonnade, 1927, pp. 
24-30). With the advent of more set¬ 
tled times, the attack upon the wood¬ 
land was begun in earnest and was to 
gather force with the centuries. Behind 
the clash of warfare and the noise of 
political affairs the work of clearing 
went on in relative silence; but, if the 
details are obscure, we are, at any rate, 
able to judge by the results. The cir¬ 
cumstances varied from place to place 
—an isolated clearing here; an enlarge¬ 
ment of an existing field there; an in- 
closure for pasture in another place; 
maybe the throwing-off of a hamlet else¬ 
where. Sometimes a clearing was made 
by a single settler with the permission 
of his lord, to whom he paid a rent. At 
other times it was made by a large 
group of peasants who joined together 
for the purpose and incorporated the 
new arable within the regime and econ¬ 
omy of their existing field system. But 
we know all too little of the details. 

An echo of this activity in England 
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comes to us from the Anglo-Saxon poet 
who d(3scribed the plowman as the 
“grey enemy of the wood”d® and we 
can obtain some indication of the prog¬ 
ress made over the span of six centuries 
or so (a.d. 450—1086) from the evidence 
of place names and from the statistics 
of the Domesday Book. The earlier evi¬ 
dence is becoming clear through the 
work of the English Place-Name Soci¬ 
ety. The distribution of different types 
of names in the county of Middlesex, 
for example, provides a revealing sup¬ 
plement to any deductions from surface 
geology (Govc'r ct «/., 1942). Upon the 
light gravel and loamy soils of the south 
of the county, names which do not in¬ 
dicate wood are coniin<ai (e.g., those 
ending in “-ham” and “-cote”). They 
belong to the early phase of the Saxon 
settlement upon fertile land already 
open. The wood names, later in date, 
lie on the intractable London clay to 
the north. In the extreme northeast 
there are scarcely any names, for here 
was a great expanse of unsettled wood¬ 
land, the memory of which is preserved 
today in the name of Enfield Chase. 
The contrast between the distribution 
of the two groups of names is striking 
(Fig. 55). The northern woodland, 
within easy reach of London, could still 
be described in the twelfth century as 
“a great forest with wooded glades and 
lairs of wild beasts, deer both red and 
fallow, wild boars and bulls” (Stenton 
ct al, 1934, p. 27). 

The effects of Anglo-Saxon and Scan¬ 
dinavian pioneering upon the landscape 
of England were summed up in the 
Domesday Inquest of 1086 (Darby, 
1950). One of the questions asked by 
the Domesday commissioners was, 
“How much wood?” The form of the 
answers varied in different parts of the 
country. Occasionally, they merely 
stated that there was enough wood for 

16. R. K. Gordon (ed.), Anglo-Saxon Po¬ 
etry (London: Everyman's Library [J. M. 
Dent & Sons], 1954), p. 295. 
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fuel, or for repairing the houses, (» 
making and mending the fences, iv.it, 
normally, the amount of wood was iu- 
dicated in one of two ways; either by 
areal or linear dimensions or in terms 
of the swine that fed upon the acorns 
or beech mast. The woodland of Mid¬ 
dlesex was measured by the latter 
method, and Figure 55 shows that some 
of its villages had wood for as many as 
two thousand swine; the feeding of 
swine has always been a great feature 
of the European forests (Fig. 56a). 
When the Domesday evidence for all 
England has been assembled, we shall 
be able to perceive a number of still 
heavily wooded tracts (Darby, 1952). 
But., although clearing was taking place 
generally, the forest was always ready 
to assert itself. Land devastated by raid¬ 
ing or by the march of armies soon be¬ 
came overgrown, and on the unsettled 
Welsh border of England we occasion¬ 
ally hear of plowland that had relapsed 
into woodland (Darby and Terrett, 
1954, p. 85). 

It is clear that in post-Domesday 
times, as in earlier years, throughout 
the length and breadth of the country¬ 
side, the ax was at work cutting down 
the trees, and the pick was at work 
grubbing up the roots. Bennett (1937, 
p. 51) has described the role of the 
clearing in the life of a medieval vil¬ 
lage: “For a family burdened with more 
children than their shares in the com¬ 
mon fields would warrant such assart 
land was a godsend. Here they could 
utilise their spare labour, and produce 
something to help fill the many hungry 
mouths at home.” The records of every 
English county tell their own story of 
this spreading cultivation, and much of 
the work must have escaped mention in 
any document. Some memorial of this 
activity exists today in the form of field 
names dating from post-Domesday 
times, and Middle English elements 
such as “stubbing” (place where trees 
have been stubbed ) are common. Other 
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names, to be found alike in early doc¬ 
uments and on modern maps, are 
from “assarts,” "intak” or 'intake, and 
“stokking,” a ‘stump cl(*aring ; a name 
such as “Brindley,” on the other hand, 
means “clearing (Icah) caused by fire 
(brende),'* find "Brentwood" is “burnt 
wood.” Nor must we forget that the 
need for arable land v\'as not the only 
demand upon woodland. Timber for the 
building of bridges, castles, and cathe¬ 
drals, for scaffolding as well as for the 
fabric; wood for the making of utensils 
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and for a hundred and one purposes 
about a house or farm; and charcoal for 
the iron forges and for other industrial 
activity- all took their toll (Darby, 
1951). 

On the Continent there was even 
greater scope for the pioneer, and, in 
the centuries after the breakup of the 
Roman Empire, we begin to discern the 
early attack in progress. The Salian 
Franks in the fourth and fifth centuries 
avoided the great Silva Carbonnaria, 
the Charcoal-burners" Forest, on what 



Fig. 55.~The woodland of Middlesex. (After Cover et al, 1942; Darby and Campbell, in 
press. / 
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is now the unwooded plain of southern 
Brabant, and then began to occupy it 
in the sixth and seventh centuries (Des 
Marez, 1926). Elsewhere, we see the 
newcomers in the Empire making clear¬ 
ings (Bifdnge)y not only on overgrown 
deserted lands, but in the hitherto un¬ 
disturbed forests (Dopsch, 1937, pp. 
99, 116, 151). By the time of Charle¬ 
magne (ca. A.D. 800), much had been 
accomplished; one of his decrees bade 
his agents, “whenever they found capa¬ 
ble men, to give them wood to clear.” 
From widely separate places come in¬ 
dications of the retreat of the wood, and 
even parts of the great forests (such as 
that of the Ardennes) were already be¬ 
ginning to lose iheir primeval charac¬ 


ter. Before a.d. 800 the valleys oi i^he 
Odenwald, between the Neckar and tlie 
Main, were not much cultivated, but 
shortly afterward there were mam 
clearings in them, and the so-called 
“forest village” {Waldhufendorf) ap¬ 
peared here at an early date (Koebner, 
1941, pp. 45-46). Its form differed fun¬ 
damentally from that of the traditional 
nucleated village surrounded by “open 
fields” with intermixed strips. The 
houses were laid out in a single or 
double row, usually along a valley bot¬ 
tom, and behind each house stretched 
its land in a Jong, narrow belt reaching 
back into the wood (Niemeier, 1949). 

But clearing was not universal, and 
already in the relatively long-settled 
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-Swine feeding in the wood. (From British Museum, MS Tiberius, B. V, Part I, 
folio 7; the manuscript comes from the eleventh century A.n.) 
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Fig. 56fc.—Cutting wood. (From British Mu.seum, MS Tiberius, B. V, Part I, folio 6; the manu¬ 
script c?omes from the eleventh century a.d. ) 
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lands of the west a conflict ot interests 
can be observed. Set against the ad¬ 
vantage of colonization were the inter¬ 
ests of the chase and th(' wish to pre¬ 
serve forests as hunting parks; the game 
laws and the pcaialties’ for infringement 
of forest rights wcac* often severe. Also, 
the wood itself was not without v^aliie. 
It provided timber and fuel, pasture 
and fruit; and a hmVs interest frequent¬ 
ly lay in den\ ing his peasants the free¬ 
dom' to destroy it Licenses were ex¬ 
acted to pasture swine, to fell timber, 
and to till the cleared land, and a great 
array of rights to control the use of the 
forest grew. When the Count of Ven- 
dome found unauthorized clearings in 
his woods, he had the houses destroyed 
and the crops cleared away, and the 
monk who rc'corded this did so with 
approval. Thus was progress governed 
“by the varying balance between a 
peasantry growing by natural increase 
and the restrictive policies of its feudal 
lords’" (Koebner, 1941, p. 69). 

But the time was soon to be when 
lords wcTC not .so insistent upon their 
forest rights. From about 1050 onward, 
for some two hundred years or so, came 
the great heroic period of reclamation, 
“fage des grands defrichements” of the 
French writers. The outline has been 
.sketched by Bloch (1931, pp. 1-20), 
and Flach has shown the earlier pio¬ 
neers replacing forests by villages 
(1893, pp. 145 ff.). There are also older 
accounts of the French forests (Maury, 
1850, 1866, 1867), and many detailed 
studies fill in the picture for this or that 
locality (('.g., Campagne, 1912; Sclafert, 
1926). Among those who took the lead 
in organizing the new effort were the 
religious houses. The older Benedictine 
monast(>r!( s had pioneered in the moun¬ 
tains of tlk Dauphine and on the plains 
of the lie d( France and elsewhc?re; and 
they were followed in the twelfth cen¬ 
tury by new monastic orders, above all, 
by the Cistercians. Their rule laid 
stress upon manual labor and especially 
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upon work in the field; they sought the 
wilderness and became the great farm¬ 
ers of the Middle Ages, and they were 
to find that solitude was but a poor de¬ 
fender of poverty. By the end of the 
twelfth centime the Cistercian houses 
alone numbered five hundrt'd, and this 
figure was to reach seven hundred and 
fifty in the fifteenth century. Countless 
other monasteries also took part. Nor 
we^re laymen, lords and peasants alike, 
slow to share in the rewards of this new 
and peaceful crusade. 

There was a widespread extension of 
the arable land of existing villages, and 
new fields were brought into being 
alongside the old. In other places the 
expansion took the form of subsidiary 
hamlets and isolated home.steads. Mod¬ 
ern topographical maps often indicate 
how scattered settlements were spread 
through the forest in small clearings. 
That the assart (from the French as¬ 
sart cr, “to grub up',’" or “to clear”) had 
come to have a definite place in mano¬ 
rial economy is abundantly clear from 
monastic and other documents. The 
obituary of Albericus Cornu, who had 
been a canon of Notre-Dame de Paris, 
tells us, for example, how he had im¬ 
proved the abbey estates; the woods 
had “for long been so useless that they 
were a burden rather than a source of 
income,” and Albericus had been able 
to free them from the forest jurisdiction 
of the Count of Champagne and other 
lords and turn them into arable land 
(Koebner, 1941, p. 77). 

Clearing was also promoted by the 
establishment of entirely new settle¬ 
ments. Village colonies were organized 
to bring the near-by waste or forest un¬ 
der cultivation. The villas neuves of 
northern France, the hourgs of the west 
(Koebner, 1941, pp. 71-72), and bas- 
tides and sauvetes of the south (Arque, 
1948; Ourliac, 1949) housed hospites, 
or colonists, who came to invade the 
waste. The form of many of these set¬ 
tlements reminds us of the Waldhtifen 
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village of Geriiiany. The names of some 
of them wore taken from the woods 
upon which they encroached; the 
names of others include an element 
such as sart; yet other names also tell 
us something of their story. In the 
wooded countryside of Puisaye, be¬ 
tween the Loire and the Yonne, we 
find, side by side, a Jerusalem, a Jeri¬ 
cho, a Nazarcith, and a Bethlehem, 
which reflect the Crusading age in 
which they were born (Bloch, 1931, p. 
11 ). 

it was the same elsewhere in W'^estern 
Europe. We hear of clearing operations, 
of hospites and of villae novae, in Flan¬ 
ders, Hainault, and Brabant; and 
Frt'iich names that end in “-sart** and 
Flemish names that end in “-rode” in¬ 
dicate the success of the attack (Du- 
vivier, 1859). To the east, the monas- 
tericis of the Rhineland endowed with 
ample lands were no less active. They 
and their daughter-abbeys between the 
Rhine and the Elbe were breaking into 
the woods and heaths of Saxony and 
Thuringia. Place names that end in 
“-wald** (“wood”) and “-holz” (“grove”) 
indicate the former character of the 
countryside, and those that end in 
“-rode** (“grubbed up”), “-schwend” 
(“burned**) and “-hau” (“cut down”) 
bear witness to the clearing (Schliiter, 
1952, pp. 23-35). Conditions varied 
from place to place, but the net result 
of the Great Reclamation, or Urbar- 
rnachung, was to change the economy 
and the appearance of considerable 
stretches in the broad lowlands and the 
Alpine zone alike. Upland massifs such 
as the Harz, the? Eifel, the Westerwald, 
the Thuringian Forest, and the Black 
Forest were coming to look like great 
wooded islands in a sea of cultivation; 
but even their shades were not undis¬ 
turbed. The copper- and silver-bearing 
lead ores of the once-wooded Rammels- 
berg in the Harz were perhaps the most 
famous metal deposits, but the working 
both of these metals and of iron, to- 
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gether with the activity of the ch..; oah 
burner, was widespread (Nef, 1952. p 
435). Moreover, agriculture was being 
extended in the valleys of these up 
lands, and the changes can be summer 1 
up in the words of Caesarius of Pnim, 
set in the wooded Eifel. Writing in 
1222, and referring to the previous cen¬ 
tury, he said; “During this long space oi 
time many forests were felled, villages 
founded, mills erected, taxes ordained, 
vines planted, and an infinite amount 
of land reduced to agriculture’* 
(Thompson, 1928a, p. 758). 

Great though the efforts in the long- 
settled regions of Western Europe and 
the Rhineland were, it was to the east, 
in the heart of Central Europe, that the 
most spectacular changes took place. 
The lands abandoned by the Teutonic 
peoples as they moved into the Roman 
provinces had been occupied by the 
Slavs, who migrated westward across 
the Vistula and the Oder and south¬ 
ward across the Danube. By about a.d. 
600 the frontier between the German 
and Slav worlds had become roughly 
the line of the Elbe-Saale in the north, 
while southward it ran across the Alps 
toward the head of the Adriatic (Fig. 
57). After an interval, and following 
the setbacks of border warfare, the Ger¬ 
mans began to advance southeastward 
in the tenth century and northeastward 
across the European plain after about 
1100. It was, wrote Lamprecht (1893, 
p. 349), the great deed of the German 
people in the Middle Ages. In all its 
complexity, it has attracted an enor¬ 
mous literature.The advance took 
place under the impetus of economic 
and missionary motives, and there arose 
a contiast between the old western 
feudal Germany and the new eastern 
colonial Germany. Analogy has been 
drawn between this advance and the 
expansion of the American people west- 

17. For some convenient reviews see Aubin, 
1941; Kotzschke and Ebert, 1937; and Thomp¬ 
son, i928b. 
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ward from the Atlantic seaboard. What 
the new west meant to young America 
in the nineteenth century, the new east 
meant to Germany in the Middle Ages 
(Thompson, 1928b, pp. xviii, 523). Al¬ 
though historical analogies are often 
misleading, this comparison does em¬ 
phasize the colonial ciiaracter of much 
of medieval Germany. Some parallels 
between clearing in the Old and New 
Worlds have also been drawn by Schott 
(1935). 



I^iG. 57.—German colonization eastward. 
(After W. R. Shepherd, Historical Atlas [3d 
ed.; London: University of London Press, 
1924], PI. 80.) 

The surface of the northern German 
plain is covered almost everywhere 
with deposits laid down by the great 
ice sheets which spread out from Scan¬ 
dinavia in Quaternary times. Much of 
the clay is hummocky, and on its ill- 
drained surface lay marsh and shallow 
lakes of curious shape; many of the 
river valleys were also marshy. Else¬ 
where, stretches of infertile sand and 
gravel, derived from the glacial de¬ 


posits, formed a type of countiy known 
as geest; the landscape that confronted 
the German colonists was one of wood, 
marsh, and heath. The wood, or a great 
deal of it, fell before the ax of the pio¬ 
neer, and both place names and the 
Waldhufen village testify to the clear¬ 
ing activity. The settlers came from the 
older parts of Germany, “with horses 
and oxen, with ploughs and waggons," 
to transform the countrysides of what 
are now Mecklenburg, Pomerania, 
Brandenburg, and Silesia (Thompson, 
1928h, p. 501). About 1100, we hear, 
for example, of Count Wiprecht of 
Groitzsch, to the south of Leipzig be¬ 
tween the Saale and the Elbe, bringing 
colonists from the west to clear his for¬ 
ests (Koebner, 1941, p. 81). Later in 
the century the ruler of Meissen was 
settling colonists in the frontier forests 
of the Erzgebirge (Aubin, 1941, p. 
366). Some words of Helmold of Hol¬ 
stein, whose “Chronicle" describes the 
pioneering life of the time, illustrate 
not only the vicissitudes of the frontier 
struggle but also the recuperative 
power of the forest. Speaking of an ear¬ 
lier Saxon advance and retreat, he said: 
“There still remain many evidences of 
that former occupation, especially in 
the forest which extends from the city 
of Liitjenburg through the mighty tracts 
of Schleswig, in whose vast and almost 
impenetrable solitudes yet may be de¬ 
scried the furrows which once marked 
out the plowlands" (Thompson, 1928b, 
p. 491). But even as Helmold wrote 
(ca. 1170), the plow was soon to move 
ov^r the ground once more. 

Alongside the clearing of the wood 
went other transformations. The Ger¬ 
man colonists with their axes were ac¬ 
companied and followed by Dutch, 
Flemish, and Frisians who embanked 
streams and drained marshes. Into the 
dry soils of part of the geest they cut 
irrigation canals, and they gave their 
name to the district of Flaming that lies 
to the east of Magdeburg. The changes 
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were urban as well as rural. The dates 
of the founding of the cities of northern 
Germany mark the success of the ad¬ 
vance. Behind the achievement of the 
Hanseatic cities in the fourteenth and 
fifteenth centuries lay a background of 
some generations of colonial struggle. 

By the end of the thirteenth century 
the advance had spent itself. Poland 
was penetrated by German colonists 
and civilization, but only to a limited 
degree. Yet in the forests and waste of 
two outlying eastern areas, German mis 
sionary zeal and colonizing impulse had 
found fruitful fields of activity. Early in 
the thirteenth century the military or¬ 
der of the Brethren of the Sword had 
planted the country around the Gulf of 
Riga with German fortified towns; it 
was, wrote a chronicler of the time, a 
land of fertile fields and abundant pas¬ 
ture, but with much wood (ibid.y p. 
526). Later in the century, between this 
northern outpost and the homeland, a 
second military order, the Teutonic 
Knights, more thoroughly occupied the 
woodland (Schliiter, 1920). It was the 
last chapter in the history of medieval 
colonization by the Germans in the 
north. The consequences were fateful 
for the affairs of Europe, because this 
new area of activity, later known as 
East Prussia, was separated from the 
main body of German settlement by 
what was to be called ‘‘the Polish Cor¬ 
ridor” (Fig. 57). 

The activity in northern Germany 
had been paralleled to the south. In the 
eastern Alps, the rise of Austria, 
founded as an outpost against the Mag¬ 
yars in the tenth century, was accom¬ 
panied by an advance of German-speak- 
ing peoples comparable to that across 
the northern plain, but the information 
is more scanty. The advance took place 
partly down the Danube and partly 
southward into the lands of the south¬ 
ern Slavs. Not only the main valleys, 
but the side valleys as well, were 
cleared for tillage below and pasturage 


above. Beyond the main frontier ot ^ er 
man speech, isolated German st i.] 
ments appeared as islands in Slav 
Magyar territory. One of the charact-: 
istic features of the mountain belt as Tv 
whole was its mining activity. If the 
amounts appear small to us and the 
technology primitive, we must con¬ 
sider them in the context of their time. 
German mining camps grew into towns 
on the slopes of the Erzgebirge (Ore 
Mountains), in the Sudeten Mountains, 
in Bohemia itself, eastward in Slovakia, 
southward in Styria, Carinthia, and 
Carniola, and beyond in Bosnia and 
Serbia. Still farther east lie the moun¬ 
tains of Transylvania. Its Latin name 
indicates its forested nature, and its 
Magyar name, “Edily,” comes from erdd 
(“forest”). To these mountains came 
Germans from the Rhineland, mostly in 
the twelfth century, at the invitation of 
the early Magyar kings, to fell the fron¬ 
tier forests and to become farmers and 
miners; the many place names that end 
in “-hau” form some memorial to their 
cle.'irlng. Nef, who has discussed the 
importance of mining in medieval Eu¬ 
rope, writes (1952, p. 472) of the de¬ 
mands made upon wood for pit props, 
for building, for fuel, and for charcoal. 

But, in recording the importance of 
the eastward movement of the German¬ 
speaking peoples, we must not forget 
the work of the Slavonic peoples them¬ 
selves. Even in Germanized areas, such 
as Mecklenburg, Slavonic lords and 
peasants may have been responsible for 
much clearing (Power, 1932, p. 725). 
Slav place-name elements, such as 
drewa (“wood”) and trehynja (“clear¬ 
ing”) form memorials of their activity 
(Trautmann, 1948-49, II, 37, 89 ^ Be¬ 
yond, in Poland, Bohemia, and else¬ 
where, they founded new villages and 
reclaimed the wilderness, sometimes un¬ 
der German law, sometimes under Sla¬ 
vonic. Settlements of a Waldhufen type 
are to be found in the uplands of south¬ 
ern Poland (De Martonne, 1931, p. 
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629). In Bohemia there are ovx'r three 
hundred place names that include the 
element Ihota, and there are eighty 
more in Moravia. The word, roughly 
speaking, means '"freedom/^ and it was 
used in this connection to denote the 
exemptions from render that were 
sometimes granted to settlements made 
on empty or waste land. Its widespread 
distribution may be taken as some in¬ 
dex of the transforming activity of the 
Czechs. The word in the form of lehota 
occurs more than forty times in Slo¬ 
vakia farther east, but there it seems to 
have been associated with German law 
(Aubin, 1941, pp. 395-96). In this area 
other place-name elements, such as 
kopanice, lazy, and paseky, specifically 
indicate clearing (DefFontaines, 1932, 
p. 57). Here, the activity was smaller 
in amount and maybe later in time, but 
the phenomenon was fundamentally the 
same. 

Tliis great expansive movement of 
clearing during the Middle Ages did 
not continue uninterruptedly into mod¬ 
ern times. In places it slowed down; in 
otheirs it ceased; in yet other places the 
frontiers of cultivation even retreated. 
Certainly over most of central and west¬ 
ern Europe agrarian effort had passed 
its maximum by 1300, and the great age 
of expanding arable land was suc¬ 
ceeded in the fourteenth and fifteenth 
centuries by one of stagnation and con¬ 
traction. During the hundred years be¬ 
tween 1350 and 1450, the decline was 
especially marked. The causes of this 
recession are obscure and involved, and 
among the agencies invoked to explain 
it are the destruction of war, great pes¬ 
tilences, falling prices, and a basic de¬ 
cline in population (Postan, 1952, pp. 
191-216). Abandoned holdings and de¬ 
populated or deserted villages were to 
be found not only in the "old lands” of 
the south and west but also in Mecklen¬ 
burg, 

Pomerania, Brandenburg, and 
Prussia. In the south and west of Ger¬ 
many the acreage of these Wiistungen 
has been placed as high as one-half of 
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the area once cultivated; the statistical 
mode for Germany as a w'holc has been 
placed at 25 per cent. These figures 
piobably overemphasize the contrac¬ 
tion, because some abandoned holdings 
may represent no more than temporary 
withdrawals or changes in the use of 
land; but, when all reservations are 
made, the facts are striking enough 
(Pohlendt, 1950). To what extent the 
woods advanced upon the untilled fields 
and unused pastures we cannot say, but 
there* is no doubt that they did in many 
places, and traces of cultivation are to 
be found in wooded areas even today. 
The abandonment took place at various 
dates, but, says Mortensen (1951, p. 
359), in the main it is clearly a medi¬ 
eval pht'nomenon. Figure 58 shows the 
oscillation in the area around Hofgeis- 
mar in the upper Weser Basin (Jager, 
1951); and, more recently, Jager has 
also shown (1954) how many large for¬ 
ests in Germany have come into being 
since the Middle Ages. From such evi¬ 
dence as this we must not assume that 
the area under cultivation was at one 
time greater than it is today, because 
the phenomenon may in part be due to 
the more complete separation of forest 
and farm land. But more investigation 
is needed before we can be clear about 
these matters (Mortensen, 1951, p. 
359). 

The ravages of war and pillage bore 
particularly hard upon some localities. 
The cultivated land that had been 
brought into being in Bohemia was very 
adversely affected by the Hussite Wars 
(1419-36), and it has been estimated 
that one-sixth of the population either 
perished or left the country. In the west, 
France suffered grievously during the 
Hundred Years' War (1337-1453). 
Thomas Basin, bishop of Lisieux, writ¬ 
ing about 1440, described the vast ex¬ 
tent of uncultivated land between the 
Somme and the Loire all “overgrown 
with brambles and bushes” (Boisson- 
nade, 1927, p. 316). Population fell in 
places to one-half, even to one-third, of 
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its former level. Some of the accounts 
may have been exaggerated, but there 
is no doubt about the widespread deso¬ 
lation and about the growth of wood on 
the untilled fields (Waddington, 1930). 
In the southwest, in Saintogne, between 
the Charente and the Dordogne, for a 
long time people said that “the forests 
came back to France with the English.” 

Modern Times (after A.D. 1500) 

The clearing that had taken place in 
the Middle Ages, epic though it was, 
still left Western and Central Europe 


with abundant tracts of wood. But soon, 
in the sixteenth century, in many places 
there were complaints about a shortage 
of timber, and the shortage developed 
into a problem that occupied the atten¬ 
tion of statesmen and publicists for 
many centuries. It was not only that the 
woods were becoming smaller but that 
the demand for timber was growing 
greater. There had been signs toward 
the end of the fifteenth century that the 
recession in the economic life of the 
late Middle Ages was merging into re¬ 
covery and into a new prosperity that 



Fig. 58.—Woodland in the area around Hofgeismar in the upper Wescr Basin. 11 = Hofgeis- 
inar, M = Munden. (After Jager, 1951.) 
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brought with it an ever increasing ap- Continent, where there was more wood 
petite for wood. and less industry, and it was not until 

The pace of industrial life was quick- well into the nineteenth century that 
ening. Glassworks and soapworks, for smelting with coke became established, 
example, needed more and more wood But that the problem was not absent 
ash. The production of tin, lead, copper, here can be seen from a French pro¬ 
iron, and coal depended upon timber posal of 1715 to limit the number of 
for pit props and charcoal for fuel; the forges; late in the eighteenth century, 
salt industry in the Tyrol and elsewhere as in earlier times, we hear of numerous 
also needed wood for evaporating the small potteries, glassworks, and forges 
brine. It was perhaps the iron industry scattered through the forests of France 
that made the greatest single demand, (Brunhes and DeflFontaines, 1926, p. 
and, particularly in the wooded valleys 354; Dion, 1938). In Germany, as late 
of the upland blocks of France and as 1848, Banfield could write (1846-48, 
Central Europe, an endless series of II, 65) of the wooded district between 
small metal establishments were to be the Ruhr and the Sieg: “A rotation of 
found, often run by men who divided coppice or underwood, cut down every 
their labors between the forge and the sixteen years, affords both bark for the 
field. As the clearing progressed, the numerous tanners and charcoal for the 
huts of the charcoal-burners moved metallurgists; and both occupations al- 
from one locality to another, and there temate with the care of small farms be- 
appeared new mounds of small logs, longing to these small manufacturers, 
covered with clay to prevent too rapid as the rye is admitted into the forest 
a combustion. rotation the year after the underwood 

The fears of a shortage of timber in is cut down.” This forest-field rotation 
England can be seen in a commission was known as Reutbergwirtschaft, as 
of 1548 to inquire into the destruction opposed to the more permanent Brand- 
of wood in the ironmaking area of the tvirtschaft, and it was a feature of 
Weald. But neither its report nor sue- many parts of Germany (Schmitthen- 
cessive Acts of Parliament in the six- ner, 1923). It has left a memory in the 
teenth century were able to stay the de- place names of some districts (Mutton 
struction (Straker, 1931, p. 109). The 1938, p. 119); and, even today, there 
solution to the problem was to find a are localities from which it has not en- 
substitute, and it is not surprising that tirely disappeared (Fickeler, 1954, p. 
during the seventeenth century many 27). 

treatises suggested the use of coal in- With the overseas expansion of Eu- 
stead of charcoal. It was about the year rope, the need for timber for shipbuild- 
1709 that Abraham Darby first smelted ing was also greatly increased. The 
ore with coke in Shropshire, and by the growth of England’s mercantile marine 
middle of the eighteenth century the and the development of the English 
use of coal for smelting had become navy from the Tudor age onward de- 
ccromon in England. Here, as else- pended upon an adequate supply of 
where, the growth of the iron and steel oaks for the hulls of ships; fir trees, for 
industry was linked with coal and not masts, together with such “naval stores” 
names such as “Forge as pitch and tar, were imported from 
Wood and “Furnace Wood” recall, on Baltic lands. The Dutch wars of the 
rnodern English maps, the activities and seventeenth century, the maritime wars 
changes of a past age. of the eighteenth, and the Napoleonic 

Ihe problem was less acute on the Wars were a heavy and continuous 
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drain upon English oak, and English 
seamen were only too conscious of their 
difficulties. Samuel Pepys, employed at 
the Admiralty, could only write, “God 
knows where materials can be had” 
(Albion, 1926, p. ix). English timber 
never recovered from the strain of the 
wars with France, and English ships 
came to rely more and more upon the 
pine and oak of the New World and the 
teak of India. 


foreign, colonial, commercial, and forest 
policies as well.” 

The rise of the Dutch navy was even 
more dependent upon the Baltic trade; 
the timber and “naval stores” of these 
northern lands were as important to sea 
power in the seventeenth and eight¬ 
eenth centuries as heavy industry was 
to be in more modem times. It was cer¬ 
tainly so in France. Richelieu and espe¬ 
cially Colbert, in the seventeenth cen- 



Fig. 59.—Agricultural improvement. ( From Andrews, 1853.) 


In the meantime, the Admiralty, in its 
alarm over the timber shortage, con¬ 
sulted the newly formed Royal Society, 
which in turn asked John Evelyn to re¬ 
port upon the problem. The result was 
the appearance in 1664 of Evelyn's 
Sylva: A Discourse of Forest Trees, and 
in the years that followed there were 
various intermittent attempts at plant¬ 
ing. The influence of the timber short¬ 
age appeared in many ways, wrote Al¬ 
bion (1926, p. vii), “not only in the 
Navy itself, but in international law, in 
naval architecture, and in England’s 


tury, aimed at the creation of a French 
navy. Colbert instituted dockyards and 
naval schools and reorganized the naval 
service. In 1669 came the famous “Or- 
donnance des eaux et forets,” which 
stated that no wood should be cleared 
without authority; but, as in England, 
these regulations soon ceased to be ob¬ 
served. 

The timber problem remained acute 
for the navies of Europe until March 9, 
1862. It was on that day that the Battle 
of Hampton Roads in the American 
Civil War demonstrated the superiority 
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of the iron-clad ship (Albion, 1926, pp. but it continued and was even acceler- 
408-9). The end of the era of wooden ated by an edict of 1766, which ex¬ 
ships had come suddenly, and it left a tempted newly cleared land from taxa- 
permanent mark upon the countrysides tion for fifteen years (Debien, 1952, p. 
of Europe. 45). In mountainous districts, such as 

There was yet another and continuing the AIjds (Blache, 1923) and the Ar- 
demand upon wood. Although the pio- dennes (Liouville, 1897), temporary 
neer age of defrichernent and Urbar- clearings for cultivation continued to be 
machung was over, agriculture still con- made by burning, and the ash fertilized 



Fig. 60.-Central Europe: forest ca. 900. (After Schliiter, 1952.) 

tinued u, expand at the expense of the the soil. In other places, too, upland 
toiest in this locality or that. It was cer- communities of herdsmen, eager for 
tamly .so in England, as much evidence pasturage, regarded trees as their ene- 

1800, testifies mies; and their successors have been 
(Uarby, 1951, pp. 78-79). Figure 59, left to inherit a legacy of soil erosion 
troin O. H. Andrew.s’Modem Husband- and inundation (Rabot, 1905, p. 207). 
^ ot 185.1, .shows the cutting-down of Eastward, in the German realm, the 
trees and the tile-draining of the clay Thirty Years’ War (1618-48) left a 
soils that liad nourished them. It was staggering legacy of devastation. Con- 
the same jh France. Widespread felling servative estimates say that at least one- 
had disquieted the agricultural writer third of the population perished, but to 
Remard Fahssy in the sixteenth century, what extent the forest crept back over 
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the untilled fields we cannot say. Any- still remained. In the twentieth century 
way, there was recovery, and German about 18 per cent of Belgium was 
agricultural chemistry was greatly to wooded, 19 per cent of France, 27 per 
distinguish itself. But immense stretches cent of Germany, and 23 per cent of 
of forest continued into the twentieth Poland. Southward, the figures rose to 
century; they amounted to ov(‘r thirty 37 per cent for Austria, 33 per cent for 
million acres, and about one-half of Czechoslovakia, and 29 per cent each 
this was on the large estates of private for Yugoslavia and Bulgaria, and 28 per 
owners. The plain of Poland had also cent for Rumania. For Hungary, with 



Fig. 61.—Central Europe; forest ca. 1900. (After Schliiter, 1952.) 


been far from cleared, while to the its plains, the figure fell to 11 per cent 
south the clearings and the woodland (Dietrich, 1928). 

industries of the Slovakian highlands The contrast between Figures 60 and 
(Deffontaines, 1932) and the Carpa- 61 shows the net result of clearing as 
thians recalled those of the upland re- opposed to regeneration and replanting 
gions of the west. Looking at Central over the thousand years between a.d. 
and Western Europe as a whole in the 900 and 1900 (Schliiter, 1952). Much 
nineteenth and twentieth centuries, the of the existing forest bears the mark of 
surprising thing is that, despite the long exploitation and differs consider- 
varied demands upon wood and the ably from the natural forest that would 
long centuries of exploitation, so much cover almost the whole area had there 
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been no interference by man. Ihe most 
striking evidence of this interference 
has been the steady increase during 
the nineteenth and tvv'cnticth centuries 
the percentage of conifers. Since 
about the middle' of the' ninc'teenth cen¬ 
tury, various national forest policies 
have resulted in the formation of state 
forest services. To x arying degrees, the 
management of for(\stcd areas has been 
put upon a scientific basis; reasoned 
programs of felling have been organ¬ 
ized, and new methods of seed selection 
and regeneration have been devised. 
One feature of the new policies has 
been the concentration upon soft 
woods, reflecting the changing demand 
from fuel to timber and pulpwood. The 
Scotch fir, the larch, the spruce, and 
new varieties of fir from abroad—the 
silver fir and the Douglas fir, for exam¬ 
ple—are giving a new value to poor hill¬ 
sides and infertile stretches of sand and 
gravel. Large areas of heath in north¬ 
western Germany and of sand dunes 
along the Baltic coast have been planted 
with conifers. In Belgium extensive 
planting has altered the appearance of 
the barren Kempenland (Monkhouse, 
1949, p. 93). In Britain the sandy waste 
of the Breckland has also taken on a 
new look (Clarke et al, 1938). But per¬ 
haps the most striking change has been 
on the Landes in southwestern France. 

At the end of the eighteenth century 
there were only a few scattered mari¬ 
time j)ines and some dwarf oaks on this 
dreary expanse of marsh, gravel, and 
shifting sand. But the scene has been 
transloriia d, by draining and planting, 
into a vast forest covering some two 
million acres and forming a conspicuous 
feature of the woodland map of France 
h- The trees are mostly mari¬ 
time pint and they yield resin, pit 
props, ami a variety of constructional 
timber (1 .arroquette, 1924). These are 
only a few examples of the recent trans¬ 
formations of the European landscape. 
But great though such changes have 
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been, they are localized. Could the Ro¬ 
man legionaries tramp the countiyside 
once more, they would be reminded 
only rarel)^ of the dense shades they had 
t'ncouutcred when they left the Medi¬ 
terranean lands to build an empire. 

KASTKUN" AND NORTHKRN EUROPE 

From south to north the great vege¬ 
tation belts of European Russia in his¬ 
torical times have been the steppes, the 
mixed forest, and the coniferous forest, 
together with the transitional zones be¬ 
tween them (Fig. 63). 

The Steppes 

Traveler after traveler has described 
the vast treeless plain of the steppes, 
and historians have emphasized its 
role as an open corridor along which 
nomadic peoples, with their herds, trav¬ 
eled westward from central Asia. But 
in classical times there was certainly 
some wood along the lower courses of 
the rivers that flow into the Black Sea. 
Herodotus, for example, wrote of “the 
forest country*' along the lower Dnieper. 
Neumann (1855, pp. 74-99) came to 
the conclusion that there were substan¬ 
tial stretches of woodland here, but his 
ideas have been thought by some to be 
exaggerated (Minns, 1913, p. 1). Look¬ 
ing back beyond the classical age into 
prehistory, Taliev thought that the grass 
steppe had been formed on the site of 
destroyed forest, but, added Keller 
(1927, p. 232), “this view has not been 
generally accepted.” Since then, Leim- 
bach, in a survey of the Russian litera- 
tiirje (1948, p. 255), has thought it “very 
likely that the Ukraine in the same way 
as the Hungarian Puszta was once main¬ 
ly forest land,” while Wilhelmy, in an¬ 
other survey (1950, p. 31), is not in 
agreement. We must await further elu¬ 
cidation of the problem, but it may not 
be wdthout significance that Keller 
pointed out (1927, p. 228) that, in the 
transitional zone between steppe and 
forest, “the forest often occupies areas 
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which are apparently identical in condi- among the woods, and with pr. 
tions of soil and land relief with other of woodland southward, es v 
areas which are occupied by steppe along the river valleys; but the wm 
vegetation. And clear evidence of the tracts have grown fewer and smai . 
advance of forest on steppe is not lack- “until nowadays the steppe lands lx . , 
ing. ... In the northern parts of the farther north than they once did ” KitV 
forest-steppe zone this advance is very founded in the ninth century, hy tradi 
marked. Burial mounds, which were un- tion lay “amongst forests” where now i 



Fig. 62.—France: forest ca. 1920. (After Atlas de France, 1935, PI. 38 [Paris: Comite Na¬ 
tional de Geographic].) 

doubtedly made in open steppe, are open steppe (Kluchevsky, 1911-31, V, 
now covered with trees.” 233, 241). 

But, while the forest may have ad- n . -r 

vanced in places, it is clear that the The Mixed Forest 

transitional forest steppe as a whole has The homeland of the Slavs in the 
been greatly cleared with the advance early centuries of the Christian Era 
of colonization southward from the seems to have lain between the Carpa- 
seventeenth century onward. Both thian Mountains and the middle and 
steppe and forest have mingled and upper Dnieper. From this base, accord- 
contested here, with islands of steppe ing to some scholars, they advanced not 
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only westward and southward but also 
northward and northeastward into the 
valleys and plains of the upper Volga 
and its tributaries. Here, in the mixed 
oak forest, they seem to have met with 
but little resistance from the sparse Fin¬ 
no-Ugrian population. There is much 


est near the river Sheksna (Davies, 
1952, p. 119). Some memory of the 
great woodland through which they 
passed is preserved in the name of the 
city of Biyansk. It is di£Scult to obtain 
a clear picture of this great epoch of 
colonization, so silent was it. But in the 



tic. 63.—Russia: vegetation zones. (After Keller, 1927.) 


tl^t IS cuntroversial about these matte 
(Paszkiewioz, 1954, p. 255), but it 
clear that the agriculture of the art 
was primitive, apparently migrator 
trapping and b 
the honey of wild bees. From the thii 
ana fourth centuries comes evidence ( 
a siash-and-burn husbandry in the fo: 


eleventh and twelfth centuries we hear 
of new settlements and new principali¬ 
ties in the land between the Volga 
and the Oka, and some of the princes 
embarked upon a policy of deliberate¬ 
ly attracting new settlers and took pride 
in the success of their colonization (Klu¬ 
chevsky, 1911-31, I, 196 ff.). 














The Clearing of the 

Moscow itself was first mentioned in 
1147 and by the end of the Middle 
Ages was to establish its control over 
the other Volga-Oka principalities. The 
mixed-forest country between the Vol¬ 
ga and the Oka has been called the 
“He de France” of Russia, the cradle of 
the Russian state; and the wedge of 
colonization, set between the inhospita¬ 
ble north and the insecure steppe, was 
not only to develop and fill out with 
the centuries, as forest hamlets and 
villages were established (Eck, 1933, 
pp. 55, 275), but also to improve its 
agriculture. The temporary cultivation 
of burned clearings gave way by the 
sixteenth century to more intensive cul¬ 
tivation on a two- or three-field basis, 
as in the West. Yet the Russians were 
much slower in clearing the wilderness 
than the trans-Elbean Germans who 
moved into the lands of the western 
Slavs, and the retreat of the wood was 
more gradual. “Indeed, eighteenth-cen¬ 
tury Muscovy would have struck a 
Western European traveller journeying 
from Smolensk to Moscow as one hnge 
forest, and the towns and villages in it 
as mere clearings.” But the clearing was 
to continue until the forest land of cen¬ 
tral Russia became “a mere dwindling 
reminiscence of the past, and preserved 
as a luxury” (Kluchevsky, 1911—31, V, 
244-45). It had supplied fuel and build¬ 
ing material, it had supported a whole 
range of small-scale forest industries, 
and it had yielded its soil for agricul¬ 
ture. 

The Coniferous Forest 

To the north, beyond the upper Vol¬ 
ga, the growing season becomes shorter, 
and the soil more infertile; the mixed 
forest gives way to the coniferous forest 
which still covers the greater part of 
the countryside. The dominant trees are 
the spruce and the pine, the former on 
clay, the latter on sand, and everywhere 
these are mingled with peat moors. It 
was thinly peopled by Finnish and 


Woodland in Europe 

Lapp tribes and provided an eii\ si hu 
reservoir of fur—sable, marten, fox, and, 
of lesser value, bear, squirrel, and otter. 
Fur led the traders northward and east¬ 
ward along the great rivers linked one 
to another by portages. It was an econ¬ 
omy that anticipated that of the 
coureurs de bois of French Canada. The 
great part of the trade of this hinter¬ 
land found an outlet at Novgorod in 
the west, a Hanse center and a market 
of renown in medieval Europe; its 
main commodity was fur, but forest 
products-tar, pitch, potash, and wax— 
were also among its exports. 

Not only traders but missionaries 
came north to these trans-Volgan lands. 
Between 1340 and 1440, especially, 
there was a great development of mo- 
nasticism, and the monks sought the 
untamed wilderness. Bielozersk, found¬ 
ed in 1397, and many other houses, 
together with their daughter-founda¬ 
tions, became agrarian colonies. We 
hear of black, impassable, and untilled 
forests, of the hewing of trees, of newly 
plowed fields, and of fresh villages and 
hamlets (Kluchevsky, 1911-31, II, 
151 IT.). The opening of the White Sea 
route from the west by Elizabethan 
Adventurers in 1533 greatly increased 
the importance of these northern lands. 
By this time, the subjection of Nov¬ 
gorod in 1478 had brought her rough 
trading empire within the sphere of 
Muscovy, and the new gains of the six¬ 
teenth century were to fall to Moscow. 
Hakluyt's account of the Adventurers' 
journey from Archangel to Moscow 
speaks of the very large forests of fir 
trees, the wooden houses, the flax and 
hemp, and the great quantity and vari¬ 
ety of furs, and it is a description that 
was echoed by later writers.^® The ef¬ 
fects of the new contact were soon evi¬ 
dent. Small settlements developed into 
prosperous towns between Moscow and 

18. Richard Hakluyt, The Principal Navi¬ 
gations (London: Everyman's Library [J. M. 
Dent & Sons], 1907), I, 254, 278-79. 
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the White Sea, and Yaroslavl, Vologda, 
and other centers added to the con¬ 
sumption of timber. The pace of ex¬ 
ploitation increased as factories for boil¬ 
ing tar, burning potash, and making 
rope were establishcxi; the tanning in¬ 
dustry was developed; the salt industry, 
too, was important. Tht're were also 
grants of land, in the Kama area in the 
1560\s, for example, with power to settle 
immigrants upon them {ibid., p. 224). 
Metallurgical industries and mining 
were developed, especially from the 
time of Peter the Great in the eight¬ 
eenth century, and they consumed tim¬ 
ber both in the coniferous and in the 
mixed-forest zone. A whole range of 
traditional forest industries continued 
to grow, often with considerable spe¬ 
cialization between village and village 
(Roudski and Shafranov, 1893, p. 334). 

But we must not endow this northern 
settlement with an intensity it did not 
possess. The crops were mostly rye and 
oats, flax and hemp, and much of the 
agriculture was primitive. A Russian ac¬ 
count from as late as the end of the 
nineteenth century is interesting be¬ 
cause of the light it throws upon earlier 
practices elsewhere: 

The forest-field system means an alterna¬ 
tion of agriculture with more or less lasting 
periods of forest-growing between. Proper¬ 
ly speaking, the forest-field .system of econ¬ 
omy as practised in most parts of the north 
and north-east districts of Russia, cannot 
bo railed a system of economy in the strict 
sonst' of the term, because, in most cases, 
the foiling of trees and the clearing of woods 
for thci cMiltivation of grain, and afterwards, 
for the ro-growing of trees, are practised 
withf)\ir ,!nv definite plan. This is one of the 
simplest forms of primitive economy, and 
in whi(h Mold-cultivation is of second-rate 
important o as portions of improved land, 
in rnost os, are quite insignificant in com¬ 
parison V.; the forests among which thev 
are disper ^ d [Ermolov, 1893, pp. 64-65]. 

We hear, tc o, of the burning of trees 
and undergrowth in connection with 


the cultivation (Semenov, 1893, p. 82). 
Manninen has also described (1932, pp. 
245, 274-75) the agriculture of the Fin¬ 
no-Ugrian peoples as involving the fell¬ 
ing and burning of successive tracts of 
forest; the rich ash resulted in a yield 
some three to four times that from ordi¬ 
nary plowland. Frequently, as among 
the Votyaks of the Volga-Kama region, 
the tree stumps were left in the ground 
and the soil tilled between them. 

That this was an immemorial practice 
among the Finnish peoples we may sup¬ 
pose from a passage in the Kalevala 
epic where the voice of the aged Vaina- 
moinen is said to halt “like the hoe 
among the pine roots.'*^® Traces of this 
primitive agriculture have also survived 
among the Baltic Finns. Mead’s study 
of land clearance in Finland shows that 
'‘burning might be rotational or casual,” 
and he instances an example of rota¬ 
tional burning in eastern Finland in 
1781. The trees were felled in the first 
year and fired in the second year. Four 
to six years of crop then followed, often 
amid the tree stumps, after which the 
land relapsed to scrub and wood for a 
span of twenty to thirty years. “Where 
rotational burning occurred, four cycles 
in a century was the average. In a hun¬ 
dred years, therefore, the burnt-over 
land experienced twenty years under 
grain, perhaps twelve under rough pas¬ 
ture and sixty-eight as woodland graz¬ 
ing” (Mead, 1953, p. 46). Since the 
eighteenth century, and particularly 
since the middle of the nineteenth, the 
practice has declined as methods of 
agriculture have improved and the 
value of forests has increased (Figs. 64 
and 65). It still occurs, but only occa¬ 
sionally and with caution. On the for¬ 
ests that remain (70 per cent in Fin¬ 
land), it has left a mark, for the first 
trees to appear on burned-over areas 

19. Kalevala: Or, The hand of Heroes, 
tran.s. W. F. Kirby (London: Everyman’s Li¬ 
brary [J. M. Dent & Sons], 1907), I, 248. 




Reproduced by courtesy of the National Museum of Finland 

Fig. 65.—Plowing the fired land. (From Mead, 1953; sketches made by Magnus von Wright, 
1883.} 







210 


Mans Role in Changing the Face of the Earth 


are birch and alder, not conifers oi 
hardwoods. 

Across the Baltic Sea, in Sweden, ro¬ 
tational buniing was also lound, and it 
bus recently been studied by Montelius, 
who says (1953) there is no doubt that 
it has been practiced "since prehistoric 
times.” Medieval evidence indicates the 
cultivation of rye and turnips in forest 
clearings over large parts of the coun¬ 
try. The practice was greatly stimulated 
by the imndgiation of Finns during the 
sixteenth and seventeenth centuries, and 
tlie result was a conflict with mining 
companies interested in wood for min¬ 
ers and in charcoal for foundries and 
forges. Attempts made to limit burning 
in the mining districts resulted in a 
compromise by which the heavy tree 
trunks were used for charcoal, the tops 
and branches burned. With changing 
economic conditions, the habit gradual¬ 
ly disappeared, and the last crop of rye 
growji on burned forest land was har¬ 


vested in 1918. In tlie meantime, the de- 
mantls of the important iron industry 
upon wood for charcoal greatly in¬ 
creased from 1830 to 1885; but, with the 
introduction of coke, it declined, and 
“in a few years the role of charcoal in 
the Swedish steel industry will be very 
insignificant” (Arpi, 1953, p. 27). 

On the forest map of Europe today, 
the coniferous belt stands out striking¬ 
ly (Heske and Torunsky, 1951-), and 

the demands of the twentieth century 
for lumber and for pulpwood have 
given it a new importance. The great 
extent of standing wood does not imply 
a lack of human interference. Much, 
perhaps most, of it has been logged 
over at least once, and forest fires have 
wrought havoc (Streyflert, 1934, p. 4). 
Much, too, has come under the care of 
forestry services. Not as dramatically as 
elsewhere in Europe, but quite unmis¬ 
takably, the northern forest bears wit¬ 
ness to the transforming hand of man. 
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The Ecology of Peasant Life in 
Western Europe 

E. ESTYN EVANS' 


In 1944 there appeared a remarkable 
monograph on Cereals in Great Britain 
and Ireland in Prehistoric and Early 
Historic Times by two Danish scien¬ 
tists, Knud jessen and Hans Helbaek. 
It is important as an original work on 
an obscure subject, but what makes it 
rc'markable is the fact that it was pub¬ 
lished in Copenhagen, in English, dur¬ 
ing the Nazi occupation of Denmark. 
The. maintenance of a modernized 
peasantry and the correlated enlight¬ 
ened outlook on education surely stand 
vindicated in the outstanding contribu¬ 
tions made by Danish archeologists and 
paleobotanists to our knowledge of the 
evolution of European agriculture. It is 
no accident that Scandinavian scholars 
have pioneered in the study of agrarian 
history. Brdgger indeed has claimed 
that, to approach any understanding of 
early cultures, it is necessary to work 
back from the present, “to know some¬ 
thing of life along the coast and at sea, 
in the forests and amid the mountains, 
on the land, the fields, the pastures, the 
hinterland and the mountain farms” 


Dr. Evans is Professor of Geography and 
Head of the department and former Dean of 
the Faculty of Arts in Queen's University, 
Belfast. He was Tallman Visiting Professor of 
Geography and Anthropology at Bowdoin 
College, Brunswick, Maine, in 1948—49. He 
has conducted many excavations on prehis¬ 
toric sites in Ireland. His publications include: 
Irish Heritage, 1942; Moume Country, 1951; 
and Lyles Hill: A Late Neolithic Site in 
County Antrim, 1953. 


(1940, p. 166). Equally it may be as¬ 
serted that a full understanding of 
peasant societies, as they have survived 
until yesterday, is impossible without a 
knowledge of their origins and of their 
painful but fateful adaptation to the 
difficult western European environ¬ 
ments of forests, mountains, moorlands, 
clouds, and seas. 

The roots of our folk life strike deep 
into the past, and the conventional 
documentary tools of the historian can¬ 
not reach down to them. But a Marc 
Bloch can read the runes of old field 
boundaries carved on the landscape as 
archeological documents and can 
glimpse the truth that, when the Middle 
Ages began, ‘I'agriculture 6tait dej^, 
sur notre sol, chose mill^naire” (Bloch, 
1931, p. 1). Rural prehistory, says Bloch, 
dominates rural history. In Britain, as 
in Scandinavia, a great deal of research 
on prehistoric geography and archeol¬ 
ogy is in progress, and the co-operation 
of workers in several related sciences is 
proving fruitful. There are many gaps 
in the evidence—dark ages in time and 
dark areas in space—but in the course 
of some three decades much new light 
has been thrown on the origins of the 
peasantries of Western Europe. We have 
had, too, illuminating statistical studies 
of their present-day economies, but the 
ordinary laws of economics do not apply 
to traditional subsistence farming, and 
statistics cannot measure the values of 
rural living. They have come down to 
us from the past. I am therefore con- 
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cerned with the patterns of rural life 
and landscape as they came to take 
shape and with their mutual relation¬ 
ships. 

WESTERN EUROPE 

For our purpose Western Europe is 
taken to be the insular and peninsular 
ends of the Continent, north of the 
Mediterranean lands of summer drought 
and sontli of the cold coniferous forest, 
which lie open to the climatic influences 
of the Atlantic Ocean and to the impact 
of sea-borne cultures. Our region makes 
ea.sy contact with the head of the Adri¬ 
atic Sea by way of the Alpine passes 
leading from the upper Danube Basin. 
The transition to northeastern Europe 
is defined by a cultural watershed 
which runs approximately along the 
fourteenth cast meridian and leaves 
western Sweden, with most of Norway, 
on the Atlantic cultural slope. Erixon 
has summarized tlie evidence (1938ri) 
for these western European connections 
in Scandinavia, which is derived from 
such diverse material as archeology, 
peasant furnishings, house types, oaten 
bread, the two-wheeled cart, back bas¬ 
kets, and wooden shoes. 

In middle Europe, between the Bal¬ 
tic Sea and the eastern Alps, the inter¬ 
penetration of East and West—of up¬ 
land and plain, of oceanic and continen¬ 
tal climates, with their counterparts in 
the archeological record and in the his¬ 
toric conflicts of German and Slav— 
makes the definition of a frontier an in¬ 
soluble problem for geographer and 
stat(\snian alike. But our eastern limit 
lies somewhere within the transition 
zone oi Mackinder (1944), between his 
‘^Marginal Lands” and “Heartland”; and 
we liave chosen a line from Stettin to 
Triesti which is effectively the present 
politic;?!! divide between East and West 
' It will be seen from the map 
that our line runs parallel to the Janu¬ 
ary isotherm of 0° C., which defines the 
North Atlantic Gulf of winter warmth 
and marks the divide between areas 


having on the average at least one 
month of the year frozen, and those on 
the west, where January is normally a 
green month. In the extreme west the 
farthest peninsulas and islands of Ire¬ 
land, southern England, and France lie 
on tlie warm side of the January iso¬ 
therm of 6° C., the approximate zero of 
plant growth; and these favored ever¬ 
green ends of W(‘st(‘rn Europe are the 
homes of such milky breeds of cattle as 
the Keny, the Jersey, and the Guernsey. 
Western Europe knows neither pro¬ 
longed summer drought nor, as a rule, 
lengthy winter frost; in this equable 
climate soil erosion, save on steep 
slopes, is not a serious problem, and 
farming life has been continuous 
through the centuries. Rather it is the 
accumulation of waterlogged peats that 
has upset the ecologic balance of farm¬ 
ing communities along the Atlantic sea¬ 
board. 

Western Europe as thus defined, fac¬ 
ing the Atlantic along thousands of 
miles of drowned coasts from Trond¬ 
heim Fjord to the mouth of the Douro, 
belongs in the main to a single ecolog¬ 
ical zone, that of the temperate decidu¬ 
ous forest, broken only by the Scandi¬ 
navian fjeld and its fringe of boreal 
forest and by the mountain islands of 
(he High Alps and Pyrenees. If to these 
inhospitable regions we add the broken 
Caledonian and He^rcynian uplands 
and certain areas of high precipitation 
or impoverished soils, we can distin¬ 
guish two major types of environment 
within Western Europe, which we may 
term, following Fleure (1919), “regions 
of difficulty” and “regions of effort.” 
They are marked on Figure 66, together 
with patches of fertile loessic soil which 
offered a relatively favorable habitat 
for early farming and which, linking 
with more extensive deposits in the 
middle Danube Basin and southeastern 
Europe, served repeatedly as avenues 
along which colonists and adventurers 
invaded the west. Our map marks also 
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Fig. 66.— Some environmental factors in the rural life of Western Europe. Continental and 
Mediterranean regions are hatched. The map distinguishes between regions of difficulty having 
high relief and/or high rainfall and lowland areas. It also shows the distribution of loessic soils. 
The continuous line is the January isotherm of O* C. Broken lines show the historic limits of the 
oak and the beech. 
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the historic limits of the beech tree, 
which flourishes with summer rains on 
well-drained soils and provides us with 
an index of the most favorable condi¬ 
tions for early agriculture. Its eastern 
limit runs from about Danzig to the 
Balkan Mountains, and it is not native 
to the far northwest. It should be no¬ 
ticed, however, that the beech tree did 
not flourish in Denmark until the Dark 
and Middle Ages. 

Not only are the regions of difficulty 
generally ill suited by topography, soils, 
and climate to large-scale cereal cultiva¬ 
tion but they also tend to be refuge 
areas, conserving old layers of culture 
and resisting change. It is in these 
cloudy pastoral corners of Europe that 
old ways of life and linguistic minorities 
have persisted: Basque in the western 
Pyrenees, old Romance dialects in re¬ 
mote Alpine valleys, and Celtic tongues 
in Brittany, Wales, western Scotland, 
and western Ireland. The distinction is 
strikingly illustrated in Britain, where 
upland and lowland have preserved 
their cultural differences and where the 
English language, which has conquered 
continents, has failed to dislodge the 
Celtic tongue from the neighboring 
Welsh hills. Here it seems that an eco- 
logic balance was struck in the Celtic 
Iron Age, some two thousand years ago, 
following the adoption of a new crop 
(oats), of a new technology (iron), 
and of a system of cattle transhumance 
which permitted permanent settlement 
and gave the pastoral uplands remark¬ 
able powers of resistance. Sir Cyril Fox 
has developed the thesis of the highland 
zone of absorption and the lowland 
zone of replacement in his study. The 
Personality of Britain (1947). But, be¬ 
fore we resume the question of origins 
and regional differentiation, we must 
ask ourselves what we mean by a peas¬ 
antry. 

WHAT IS A PEASANTRY? 

We may find peasant values persist¬ 
ing among farmers who would resent 


the term * peasantry,” but it is doubtful 
that the name can be applied, for exam¬ 
ple, to the family farmers of England 
with their 100-300-acre holdings. On 
the other hand, we feel justified in 
speaking of a modernized peasantry in 
Denmark. The word has always carried 
an implication of rustic inferiority, and 
w^e tend to apply it to countries other 
than our own. Thus we readily use it 
for the cultivators of India and China. 
Vet the word implies a permanent link 
with the soil—the paysan with his patjs 
—so that we hesitate to apply it to the 
shifting cultivators of tropical Africa. 
In Western Europe we cannot nowa¬ 
days insist on a large measure of eco¬ 
nomic self-sufficiency as a criterion, but, 
where there is much mechanization and 
sp('cialization, peasant values are un¬ 
dermined. For our purpose I take the 
peasant to be the self-employed farmer 
(as distinct from the non-operating 
landowner) who is largely dependent 
on the labor of his family; and we may 
expect the contribution of this labor to 
be more important than the contribu¬ 
tion of capital. 

Peasant proprietorship is not in¬ 
volved, for in many Western European 
countries it is a product of the nine¬ 
teenth century, and landownership is 
no part of the immemorial peasant tra¬ 
dition. In fact, it has weakened it, be¬ 
cause the old peasantries were attached 
to co-operative schemes of land use, and 
private ownership of the soil as we un¬ 
derstand it was not found. Moreover, 
peasant proprietorship has brought with 
it as many problems as it has solved. It 
has meant money payments and capital 
investments which have left the owners 
at the mercy of moneylenders; it has led 
to inflated land values and acute land 
hunger where, as in Ireland, it is im¬ 
possible to rent land save for short 
periods; and it has in some cases left 
the peasants without leaders. 

The significant fact is that in most 
regions of Western Europe, in upland 
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and lowland, it is the small family farm 
of from 5 to 50 acres that predominates. 
More than half the Danish farms, for 
example, are under 25 acres. A consider¬ 
able but decreasing number of holdings 
is less than 2)4 acres (1 hectare) in 
siz(', and these derive as a rule from 
successive subdivisions among joint 
heirs, a process which, though now dis¬ 
couraged or prohibited in most coun¬ 
tries, has left as a legacy not only di¬ 
minutive properties but also the serious 
problem of fragmentation or parcelle- 
ment. Some Swiss holdings of under a 
hectare arc split into over fifty scattered 
pieces, and there are worse cases on 
record from pre-famine Ireland. It has 
happened in Brittany, even recently, 
that minute fragments of a square yard 
or so, too small and too remote to be 
worth cultivating and growing only 
thistles, are yet prized and jealously 
guarded. Moreover, a high proportion 
of good land is wasted in balks or 
fences, and a farmer may walk hun¬ 
dreds of miles each year merely in mov¬ 
ing from one field to another. Fragmen¬ 
tation is one of the pathological prob¬ 
lems of peasant farming which has 
been or is being solved in most parts of 
Western Europe but which is still the 
norm in southern Asia. Behind it we see 
the passion for equal shares of the pre¬ 
cious soil as something to be handed 
down from one generation to another. 
It is this attachment to the land that 
gives a peasantry its strength and con¬ 
tinuity—an attachment deepened by the 
devotion of daily work and seasonal 
festival and by the traditional use of 
home-growm foods and of local mate¬ 
rials for tools, crafts, clothing, and hous¬ 
ing. The quality of peasant craftsman¬ 
ship resides in its ecological fitness, in 
the use of local products for local needs. 
The peasant, in continuous touch with 
the whole cycle of production, can sense 
the wholeness of life and derive there¬ 
from satisfaction and self-confidence. 

Reacting from the specialization and 
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artificial values of urban life, many 
writers have idealized the untutored 
folkways of the peasant. We have be¬ 
come accustomed to uncritical eulogies 
from intellectuals who have never en¬ 
dured the toil of the fields and see only 
the gay festivals which mark its period¬ 
ic breaks. More sinister is the political 
exploitation of peasant attitudes: of 
large families encouraged to supply the 
armed forces and of holdings recklessly 
multiplied to provide votes from "forty¬ 
shilling freeholders” in eighteenth-cen¬ 
tury Ireland. We have witnessed in our 
own day the consequences of a political 
philosophy in which peasant worship 
was prominent, and we recall Hitler s 
phrase, "Germany must be a peasant 
people” (Yates, 1940, p. 449). Under 
the mystical Nazi conception of ‘l>lood 
and soil,” the peasant farm was to be¬ 
come "the cradle of the race,” a symbol 
of supposed racial punty. But it also be¬ 
came the means of achieving strategic 
self-sufficiency in essential foods. Rural 
festivals were prostituted for political 
eiids, and the peasant urge for progeny 
was exploited to increase the German 
birth rate. Nationalistic fervor was bol¬ 
stered by extravagant claims for the 
Nordic center as an originator of pre¬ 
historic cultures. Since this Nordic cen¬ 
ter involves Danish territory, it is re¬ 
freshing to recall the contemporary 
interest of Danish scientists in the 
Western European heritage. 

There are, as I hope to show, signif¬ 
icant differences in peasant values be¬ 
tween our regions of difficulty and of 
effort, as well as between different 
countries with their varying experi¬ 
ences, but we may conclude this section 
by considering some attitudes and cus¬ 
toms which were, until recently, univer¬ 
sal. A very widespread feature is the 
extensive part played by women in the 
care of animals, especially cattle and 
their milk products, and in some field 
operations. Presumably the earliest cul¬ 
tivators, using the digging stick or stone 
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hoe, were women. In the we.st of Ire¬ 
land, potatoes grown in ridges are 
planted by women and children with a 
kind of digging stick—a dibble—and on 
the margin of our region, in Norrland, 
it is the liousewife wlio has charge of 
the sowing of cr()j)s (Erixon. I9.38h, p. 
288). 

Since sons and daugliters are helpers 
from an (^arly ag(\ there* is an economic 
urg(* for childrc'iL espec ially for sons, to 
inherit the land; and it must be remem¬ 
bered that, according to one calculation, 
it was necessary down to the eighteenth 
century for the av(*rage rural wife to 
bear six children in order to maintain 
tlie jiopulation. However much the po¬ 
sition has changed in some countries, 
through delayed marriage or family 
limitation, it remains true that, im¬ 
memorial ly, peasant fainilic's were 
large. Tlicrc are many hints that the 
fertility of the* family was magically 
connected with the fertility of the soil 
—tliat a birth each spring \\'as lucky, 
an encouragement to the crops and 
animals to produce? a like increase. De¬ 
votion to symbols of fertility was a 
powerful motive forc(\ and its transfer¬ 
ence, in part, to the worship of the 
X'irgin Mary was a source of inspira¬ 
tion to the medieval world. 

Moreover, the peasant festivals which 
roundc'd off the seasons of the year have? 
b(‘('n more or less taken over by Chris¬ 
tianity. In Celtic tradition the first day 
of eac h cpiarter, February, May, August, 
and November, is of great significance. 
The first of May and the first of Novem¬ 
ber art, in rural Ireland, for example, 
family festivals, half-pagan, half-Chris¬ 
tian; and evc^n in towns they have be¬ 
come' the* gale days, the times when 
rents are paid. Traditionally they mark 
the completion of sowing and harvest 
and also the beginning and end of the 
season whc'n the cattle were away on 
the hill pastures. Behind many of the 
May Day and Halloween customs there 
lies the idea of sympathetic magic per- 
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formed to insure good luck for another 
season. But they were also times when 
taboos were lifted and a good deal of 
Iic*ensc‘ was permitted, serving as emo¬ 
tional outlets to ease the strain of 
peric^ds of intense activity. Similarly, 
the festivals of midsummer and mid- 
wintc'r wc're both breaks in routine and 
occasions for the? practice of magic asso- 
ciate'd with water (cf. Midsummer Day, 
the Feast of St. John the Baptist, June 
24) and with fires, intend(?d perhaps to 
assist the sun in its turning. 

The ceremonies of the last sheaf, 
whether or not we accept the animistic 
theories of Mannhardt and Frazer and 
see in them fertility cults, came to be 
associated with the fear of being last 
and acted as a riK?ans of insuring the 
due completion of necessary tasks. 
Many of the rites of spring are looked 
on as omens and linked in the peasant 
mind with the nc'cessity of beginning a 
new phase of work propitiously. The? 
start of plowing and sowing and the 
gatherings for sheep-shearing and for 
the movements of livestock have also 
been times of ceremony, celebrated by 
feasting, singing, and dancing. In this 
way a wonderful wealth of folk tunes 
and folk songs has been bequeathed to 
us, handed down from one generation 
to another. The unlettered peasant often 
has an amazing memory and remark¬ 
able faculties of speech and rhetoric, 
and these qualities tend to be most 
marked in regions of difficulty. Poverty, 
indeed, may be a safeguard of quality 
in other ways; for example, our most 
highly prized cheeses come from the 
poor districts. Where there is little meat 
to spare, soups and stews have some¬ 
how to be made tasty, and, if a certain 
amount of dirt is involved, may there 
not be virtue in trace elements and wis¬ 
dom in the Irish saying that "clean 
meat never fattened a pig”? 

Folklore, proverbs, riddles, children's 
games, songs, dances, and an astonish¬ 
ingly rich oral literature are the heritage 
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of Europe's peasantries, linking tliem 
with the cultivators of other parts of the 
Old World. Craft knowledge was simi¬ 
larly handed down from father to son, 
and its secrets eaiinot be found in books. 
(Handicrafts, however, are less devel¬ 
oped in Western than in Eastern Europe, 
where towns are fewer and where win¬ 
ter cold limits outdoor work.) The ex¬ 
treme dilfusionist view, that peasantries 
originate nothing, cannot be sustained, 
yet it is clear that they owe a great deal 
to ideas filtering down from other social 
classes. The self-contained community 
must always have been rare, and from 
early times no peasantry was entirely 
independent of external control. Period¬ 
ic and annual fairs ar(? a very old feature 
associated with pagan sites and seasons 
and later with religious centers and 
saints’ days. They were a factor in the 
growth of towns, which became centers 
of government and administration as 
well as of exchange, and, as towns grew, 
their demand for an agricultural surplus 
affected in various ways the life of the 
countryside. The parallel growth of ur¬ 
ban industries also profoundly affected 
rural life, both by flooding the country¬ 
side with machine-made goods and by 
depriving it of the craftsmen who 
brought to it a healthy variety of work 
and experience. ‘‘The drift from the 
land” is both a cause and a symptom 
of rising material civilization (Ashby, 
1939). Yet there is general agreement 
that the rural tradition is an indispen¬ 
sable element in society, a source of 
vitality and continuity, conserving so¬ 
cial values which urbanism tends to de¬ 
stroy. The problem is to preserve these 
values while increasing the efficiency 
of farming and the standards of rural 
living. Our views will be more hopeful 
if we realize the immemorial antiquity 
of peasant life. 

PREHISTORIC ORIGINS 

Farming communities had already 
reached the southern and eastern ap¬ 


proaches to Western Europe before* the 
end of the third millennium b.c. Danu- 
bians from the east seem to have been 
the first to enter the region, but the 
earliest farmers to reach Britain (about 
2000 B.c.) were colonists from western 
Mc'diterranean lands who by that time 
had also puslu'd eastward from Fraiue 
into Switzerland and Lombardy and 
erossed the Rhine into the Elbe and 
Bavaria, where they settled in the fer¬ 
tile loessic areas previously occupied 
by farmers from the east (Childe, 1950, 
p. 88). There is evidence that from the 
bc'ginning the westerners w^ere more 
concerned with stock-raising than were 
the Danubians, and mixed fanning was 
to become, as it still remains, the corner¬ 
stone of western European agriculture. 
Their westtTn Neolithic pottery is 
characterized by its burnished, round- 
bottomed forms, significantly imitative 
of leather vessels. Already in the early 
centuries of the second millennium 
well-defined regional cultures were 
taking shape, distinguished by such 
ti aits as their pottery styles (Cortaillod, 
Michelsberg, Windmill Hill, etc.; see 
Fig. 67); and they occupy geographical 
areas which have had well-marked per¬ 
sonalities in historic times. The differen¬ 
tiation of Western Europe into human 
regions is thus a fact of great antiquity, 
and the environmental conditions which 
colored the original Neolithic occupa¬ 
tion of each region call for careful study 
if we are to comprehend the sources of 
regional consciousness and the persist¬ 
ent patterns of regional culture. We 
must also take into account the accul¬ 
turation of local Mesolithic communi¬ 
ties with their immensely old traditions. 
An inheritance from these deeper layers 
seems to be the survival of a pre-instru¬ 
mental pentatonic scale in the haunting 
folk tunes of northwestern Europe, 
from Ireland to Finland. As we peer 
into the prehistoric twilight, we become 
aware of powerful forces which have 
shaped peasant life and persist in some 




Fig. 07 .- Late Neolithic culture areas in Western Europe (2000-1500 b.c. ). The somewhat 
e^lier First l^anuhian culture is marked in short bars; note its association with areas of loess. The 
distributiojj <-1 megalithic tombs betrays coastwise diffusion. Arrows indicate directions of move- 
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measure to this day, for the immobile 
peasantries provide the only unbroken 
human link with the past, maintain¬ 
ing social and religious as well as 
physical and economic ties with the 
soil. We begin to see the megaliths of 
the outer coast lands (Fig. 67) not as 
mute memorials of a forgotten civiliza¬ 
tion but as an integral part of the her¬ 
itage of Western Europe. We need not 
be surprised at Sydow's claim (1948, 
p. 242) to have found folk tales “at least 
four thousand years old’^ in areas of 
megalithic culture. The natural and cul¬ 
tivated environment and the tools of 
early farmers took on a spiritual signif¬ 
icance which is echoed in the folk prac¬ 
tices of Ireland and Brittany, for exam¬ 
ple, to this day. 

The polished stone ax has long been 
recognized as the index of Neolithic 
culture; we now see it as the hallmark 
of forest farmers, much as the steel ax 
was the .symbol of the North American 
pioneers. Petrological studies have re¬ 
vealed the care with which Neolithic 
farmers sought the most suitable lithic 
materials and the extensive trade that 
took place in stone axes. For instance, 
certain bluestone axes found through¬ 
out the British Isles came from a small 
exposure of porcellanite on Tievebul- 
liagh. County Antrim—so small, indeed, 
that it escaped the notice of the Geolog¬ 
ical Survey of Ireland and has only re¬ 
cently been rediscovered by archeolog¬ 
ical detection (Jope, 1952). Forest 
clearance was necessary almost every¬ 
where, for the only considerable breaks 
in the forest were areas of bare rock or 
of soils so poor that they would not 
have supported the earliest cereal crops, 
wheat and barley. 

The speed with which colonists 
spread through Western Europe, avoid¬ 
ing only the marshes, heavy clays, and 
barren mountains, is explained by their 
migratory slash-and-burn economy 
(Brandwirtschaft). The subboreal cli¬ 
mate of the Neolithic and Bronze ages 


is believed to have been drier and more 
favorable to clearance by fire than the 
earlier Atlantic or the later Sub-Atlantic 
phases. We need not suppose that all 
the timber was felled; ring-barking 
would have sufficed for the larger trees. 
In Denmark layers of oak charcoal have 
been observed in some of the bogs, 
occupying horizons poor in tree pollens 
—indicating forest clearance—but rich 
in the pollens of grasses, cereals, and 
weeds, especially the telltale ribwort 
plantain (Plantago lanceolata). Regen¬ 
eration of the forest in the form of 
scrub is attested by the predominance 
of birch, alder, and hazel pollens in the 
succeeding layer of peat (Iversen, 1949, 
p. 12). In Ireland, too, hazel, birch, 
thorn, and other forest weeds increase 
at about the same time as the first 
herbaceous and cereal pollens appear 
in the bogs, and on the same horizon 
there is a marked decline in the amount 
of elm pollen (Mitchell, 1953). It has 
been suggested that the reduction of the 
elm, relative to the oak—a reduction 
V hich has been observed in Neolithic 
horizons throughout northwe.stern Eu¬ 
rope—may be explained by the use of 
the bark and branches of the elm as 
cattle fodder. The oak, on the other 
hand, would have been treasured for 
its hog-fattening mast. We know that, 
apart from the dog, cattle and swine 
were the earliest domesticated animals 
in Europe; and Sauer (1952, p. 37), de¬ 
veloping Menghin’s views, has postu¬ 
lated a pre-Indo-European pig cult 
which spread north from the western 
Mediterranean. The virtual absence of 
the pig from the Neolithic village of 
Skara Brae, Orkney (Childe, 1931, p. 
203), may be correlated with the north¬ 
ern limit of the oak forest (Fig. 66) and 
with the surviving traces of an ancient 
pig taboo in the Scottish Highlands. 

While livestock was clearly of great 
economic importance, nomadic herding 
societies could have found no place in 
Neolithic Europe. Forested country. 
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poor in grasses and encumbered with 
dead branches, would have provided 
little grazing. Clark has shown (1952, 
p. 117) that sheep, which require ex¬ 
tensive grazing grounds, become im¬ 
portant only as the Bronzt^ Age passes 
into the early Iron Age. 7"he evidence 
points to small eo-opt'iating communi¬ 
ties of farmers, presumably kin groups 
occuj^ying chistcrs of from ten to twenty 
houses, who chimed successive patches 
of forest over a fairly extensive area 
round about and sent out daughter- 
colonies to repent the process. Their 
well-built houses and finely finished 
pottiTy certainly imply fixed if tempo¬ 
rary settlement; and the enormous 
quantities of ritually broken pots of¬ 
fered at megaliths—yi('lding to the ex¬ 
cavator tens of thousands of sherds on 
some sites—show that occupation must 
have continued for a generation or two 
at least. With pottery, we note in pass¬ 
ing, came the stockjiot and the first 
stews, broths, and soups, which have 
remained a part of peasant diet; there 
is always something in the pot, even if 
only—in Highland Britain—stewed tea. 
Note also the good quality of Neolithic 
pottery, inherited from Mediterranean 
cultures, and the progressive deteriora¬ 
tion of the potter's art through the 
Bronze Age—in Ireland until the end of 
the Middle Ages—which is partly to be 
( xplained by an increasing dependence 
on livestock as pastures and bogs re¬ 
placed forests, 

W(‘ must not assume that dramatic 
environmental change is proof of a 
change of climate. In Ireland the 
growth of heather and the initiation of 
blanket bog in upland areas cleared 
and farmed by Neolithic settlers fol¬ 
lowed land use which was intensive 
enougli to bring about the podzoliza- 
tion of t]i(" soil. Scores of megaliths now 
buried in the Irish bogs testify to a 
deterioration of the environment, which 
has been too readily attributed solely 
to climatic change (Fig. 68n). Recent 


investigations suggest that far more 
weight should be given to ecologic fac¬ 
tors, to the disturbances brought about 
by forest clearance, by leaching of the 
exposed soil, rapid ninofiF, blocked 
drainage, and the redistribution of sur¬ 
face wate^r (Mitchell, 1953). But the 
clearing of forest also let in the winds. 
J doubt that cereals could be successful¬ 
ly harvested in many areas without the 
assistance of the wind: the equinoctial 
gales are the very life of corn harvest in 
(he west. 

PLOWS AND FIELDS 

It has been claimed that the light 
plow, the arch had reached the western 
Baltic from the Mediterranean region 
before the end of the Neolithic period 
(Erixon, 1938fy, p. 137), and marks of 
furrows have been observed under- 
iHiath barrows of the Bronze Age in 
Jutland and Holland (Clark, 1952, p. 
99). The oldest identified field systems 
in Western Europe, however, date from 
the late Bronze Age, after 1000 b.c.; 
but, since they tend to survive only in 
marginal areas of poor soil where they 
have not been obliterated by later fields, 
it is possible that permanent settlement 
and true peasantries go back to the 
second millennium. The plots are squar¬ 
ish, as in the Celtic field system brought 
to southern Britain by invading urn- 
field peoples (Fig. 681?), and they were 
presumably cross-plowed with the ard 
in Mediterranean fashion. Danish fields 
of the “Celtic Iron Age” have been in¬ 
vestigated by Hatt, who finds evidence 
to suggest (1939, p. 11) that there were 
both single farms individually owned 
and clustered hamlets with fields sub¬ 
divided by inheritance. He thinks that, 
from the irregular sizes of the plots, 
they did not change hands periodically, 
though we know that this was tradition¬ 
al in many open-field schemes, especial¬ 
ly in regions of difficulty. Nor do we 
know whether the single farms imply 
.social distinctions, as is suggested by 
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Fig. 68.—Archeological evidence 

a) In Ireland and elsewhere in northwestern Europe peat-cutting has revealed many ancient 
sites under tlie bogs. This air photograph shows a complex of megalithic circles and alignments 
after archeological excavation had been undertaken following the removal of up to 6 feet of peat 
for fuel. The site is at Beaghmore, County Tyrone, Northern Ireland, on a plateau of pre-Cam¬ 
brian rocks at a height of 600 feet. The leached sandy soil under the peat shows white inside the 
circles. Stone walls and causeways, probably associated with prehistoric fields, pass under and 
are older than some of the megalithic structures. The basal peats contain the pollens of weeds 
such as ribwort plantain (Plantago lanceolata) and dock (Rubex) and among tree pollens a 
high proportion of hazel. The upper peats show a complete dominance of heather pollens. 

Old lazy beds visible at top left betray recent outfield cultivation—after an interval of some 
thirty-five hundred years—on land from which the peat had previously been removed. They prob¬ 
ably date from the nineteenth century. Heather is again invading the cultivated land. 

b) Circular settlement site (top center) and associated "Celtic fields" near Grassington, York¬ 
shire, underlying the present-day field pattern. 
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field evidence and by the Irish Law heavy gear and by its association with 
Texts for Dark Age Ireland. Certainly, the system of open-field strip farming 
for most of Western Europe, the archeo- in (normaUy) three great fields whose 
logical evidence points to a concentra- fertility was maintained by regular faJ- 
tion of economic and political power, lows and by stubble glazing ma- 
by tlie early Iron Age, in the hands of nuring. Moreover, while the light plow 
conquering herders; already in the Hall- brought from the south had been ade- 
statt phase splendid horse trappings quate for Mediterranean soils, which 
and long cavalry swords tell of tend to have their minerals concen- 
mounted leade?rs who foreshadow the trated at the surface by evaporation, 
military aristocrats of the Middle Ages, the heavy plow was needed to renew 
And the introduction of urbanism under the fertility of the leached soils of At- 
Rome was preceded by an approxima- lantic Europe by bringing the plant nu- 
tion to city life and specialized profes- trients from deeper layers to the sur- 
sions in the La Teiie culture, developed face. Archeological and botanical re¬ 
in the region north of the Alps under search in Ireland has thrown a sugges- 
the stimulus of Mediterranean contacts tive light on this question. At Lagore, 
after 500 n.c. In the last centuries b.c., in County Meath—in the favored met- 
La Teiie war chariots carried the Celtic ropolitan lowland adjacent to the east 
conquerors over nearly all parts of coast—land previously cultivated by the 
Western Europe (Childe, 1950, p. 230). light plow and overgrown with heather 
The improved plow, with colter and shows a marked reduction of heath veg- 
nioldboard to cut and turn the furrow etation after the introduction of the 
slice, is also the product of the pre- heavy plow about the seventh century 
Roman Iron Age and was designed for a.d. (Mitchell, 1951, p. 201). 
the cultivation of the deep heavy soils Once the accumulated fertility of the 
now being cleared of their mixed-oak deep forest soils of the lowlands had 
forests with axes of iron. With it came been opened up to permanent settle- 
a new type of cultivated landscape and ment, the uplands, which had shown a 
a new order of rural living and social precocious development in the Neo¬ 
stratification evolving in time into the lithic and Bronze ages, sufiFered a rela- 
feudal system and the historic king- tive decline. They were faced with a 
doms of Western Europe. The heavy crisis. Not only was there less demand 
plow, sooner or later fitted with wheels, for tools made of their hard stone and 
liad reached southern England in pre- of their copper and tin but they were 
Roman times, and it was to spread to affected by a rapid growth of blanket 
most of the lowland areas of Western bog about the time when the Bronze 
Emopo (Fig. 66, p. 219), leaving the Age was passing into the early Iron 
light plow and the older order to the Age. We have seen that the bogs were 
upland regions of difficulty, whose thin, initiated in some areas by podzolization 
stony soils and uneven terrain were un- of the soil following cultivation, and 
suited to the new plow. We may accept theories of a general Sub-Atlantic di¬ 
ther \ io\v that the cumbersome mold- matic deterioration, though apparently 
board plow pulled by large teams of well established for Scandinavia, need 
oxen bn night with it not only the long reconsideration. In Ireland the field evi- 
lurrow 1 hnl(nig) and the acre strip but dence points to an increase in pastoral 
also co-ai ation and an increasing meas- activities, above all in cattle and dairy- 
ure of cooperation and fixed routine in ing; and upland areas which had been 
field operations. It helped to stabilize inhabited in earlier times came to be 
settlement by the accumulation of utilized by lowland settlers as summer 



229 


The Ecology of Peasant Life in Western Europe 


grazing grounds under a system of 
transhumance. Wooden utensils, carved, 
turned, or stave-built, replace the abun¬ 
dant pottery of the Neolithic and 
Bronze ages. In Norway haymaking and 
barn-building seem to have become es¬ 
tablished practices with the early Iron 
Age. Records and traditions of the Celt¬ 
ic fringe tell of inclosures—even if tem¬ 
porary—from early times, and we can 
correlate this both with the need to 
protect the growing crops from grazing 
animals and with the folding of stock 
to enrich limited patches of land. 

The three-field system was ill adapted 
to these regions of difficulty. Instead, 
there was evolved a scheme better fit¬ 
ted to the extensive rough grazing and 
the limited areas of fairly good soil on 
deltaic fans and fluvial or marine ter¬ 
races. It relied on the old practice of 
shifting cultivation for the outlying 
areas of rough grazing, and supple¬ 
mented this with more or less perma¬ 
nent cultivation of the carefully se¬ 
lected home fields (the infield of Scot¬ 
land and Ireland; terres chaudes of 
Brittany) enriched by manure accumu¬ 
lated each winter in single-roomed long 
houses which were both homes and 
byres. To it the name “infield-outfield” 
is given; in Scotland, where its recent 
survivals have been most fully studied, 
it is also known as runrig (Handley, 
1953). The field plots were small and 
resembled in shape those of the Bronze 
Age, and they were cultivated either 
with the plow or, for the tough-skinned 
outfield, with the foot plow, breast 
plow, or spade. We shall see that the 
social system that went with it was 
familistic, based on the kin group, 
which is perhaps the oldest form of hu¬ 
man society. 

Outfield cultivation is not entirely a 
thing of the past (Fig. 69a); it survives 
among the marginal mountains of Ire¬ 
land and Switzerland, and in parts of 
Sweden the Neolithic method of clear¬ 
ing forest by fire persists to this day. 


“Paring and burning” or densJiiring 
(from “Devonshire”) was a widespread 
practice in Highland Britain in the 
eighteenth century, and it was largely 
by this method of breaking in rough 
hill pastures that the rapidly expanding 
population of western Ireland was sup¬ 
ported on the potato in the century pre¬ 
ceding the Great Famine of 1845. Mon¬ 
oculture brought a terrible revenge. In 
France the outfield system was charac¬ 
teristic of the interior of Brittany, the 
Ardennes, the Vosges, Lorraine, the 
Jura, the Alps, the Pyrenees, and the 
Central Plateau (Bloch, 1931, p. 28). 
We find traces of it also in the Asturias 
and in Galicia. Most of the land thus 
broken in piece by piece to temporary 
cultivation before relapsing to rough 
grazing was coarse pasture, heather, or 
scrub (in Brittany chiefly gorse, which 
was harvested as a crop), but in the 
High Vosges it was forest country. Out¬ 
field farming is also known to have 
been customary in some of the less fer¬ 
tile parts of the Western European low¬ 
lands. 

Infield cultivation was more restricted 
in distribution and characterized espe¬ 
cially the Atlantic coast lands (rundale 
or changedale in Ireland, rhandiroedd 
[share lands] in Wales, aarkast [an¬ 
nual change] in Norway). As the names 
imply, the infield was an open field 
whose plots—on soils of varying quality 
—were periodically redistributed. They 
were held by joint tenants who were 
members of a co-operating kin group 
living in a more or less clustered settle¬ 
ment of small farmhouses situated, as a 
rule, on the uphill side of the open field 
(Fig. 69h). The Irish clachan was often 
placed at the infertile apex of a deltaic 
fan, the slope facilitating the washing 
and carrying-down of the accumulated 
manure, human as well as animal. (It 
is an interesting detail that for this pur¬ 
pose the women went with the cows, 
the men with the horses.) The peasants 
not only shared the infield and the out- 
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Fig. 69.— Infield and outfield in Ireland 

a) Sp<tcl' dug lazy beds in outfield, Achill Island, now reverting to heather and encroaching 
peat. 1 he ridges run downslope and may be beveled toward the sun, as in center of the picture. 
They prob.ibly date from the nineteenth century. 

b) Aslilt aiu, Achill Island. The linear hamlet, strung out between infield {below) and outfield 
(above), is tyj)ical of many areas along the Atlantic coasts. It goes with a modified form of run- 
dale, withoiii. periodic redistribution. The infield has here been “striped” to give each farm its 
own land, l.nit subdivision has persisted so that small plots and scattered holdings are reappear¬ 
ing. The outfield is now used for rough grazing onh'. 
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field but enjoyed rights of common 
grazing and peat-cutting, for peat bogs, 
instead of the forests which they re¬ 
placed, came to supply fuel. Along the 
Atlantic coasts sea wrack and shellsand 
have traditionally been utilized, in com¬ 
plicated systems and rituals of distribu¬ 
tion, to supplement supplies of animal 
fertilizers (Evans, 1951, chap. xv). This 
scheme seems to have taken its historic 
shape after the introduction of oats, 
which have a short growing season and 
take less out of the soil than wheat. Not 
only are they food for cattle but they 
became the vehicle of ‘'an ovenless, thin- 
bread, open-hearth complex” which is 
part of the peasant culture of Celtic 
Europe. Free of winter crops, the infield 
could be grazed and manured by live¬ 
stock for half the year (traditionally, 
from the end of October to the end of 
April; for the other half of the year they 
were away in the hills), and it grew 
crops of oats, varied occasionally with 
barley, beans, flax, or rye, more or less 
without rest. It is possible that this 
scheme was taking shape before the 
adoption of oats; it has been claimed 
that, in Denmark, wheat was spring- 
sown from Neolithic times onward, 
down to the thirteenth century a.d. 
(Stcensberg, 1952, p. 302). 

The patti’rn of life in areas of infield- 
outfield cultivation was pastoral and 
patriarchal, familistic and flexible, rela¬ 
tively independent but linked with a 
“tribal” or clan system. It stands in con¬ 
trast both to the three-field scheme of 
the richer lowlands with its heavy, 
ordered routine and to the classical 
Mediterranean two-field system of 
southern France. Historians have gen¬ 
erally assumed that the single farms 
with their inclosed fields are original 
forms of settlement and land use in 
Celtic lands, but it is necessary to add 
that prejudices against “primitive com¬ 
munism” have colored some statements. 
The truth seems to be that single farms 
are the mark of conquerors who were 


more literary and have left written 
records, while the history of the peas¬ 
ants is traced only in the archeological 
record. It seems that both open fields 
and single farms have existed side by 
side in historic times, and we know 
from nineteenth-century records that a 
single farm might become a complex 
joint holding in two or three genera¬ 
tions (Fig. 70). But I think that the 
co-operating kin group must be of high 
antiquity. The Welsh evidence strongly 
suggests that the open fields and clus¬ 
tered settlements originated in prehis¬ 
toric times among rnixed-arable farm¬ 
ers who later became the bondmen of 
pastoral overlords (Jones, 1953). These, 
in early medieval times, lived as large 
households under one roof. The Irish 
home.steads (the raths or forts), of 
which the remains of over thirty thou¬ 
sand can still be seen among the Irish 
fields, would be the Gaelic equivalent, 
the houses of the better classes of free¬ 
men. I'he bondmen would be the de¬ 
scendants of the prehistoric pioneers. 
Together they all fell victims to later 
landlo^'ds, but in the end they have 
won their freedom as the peasant pro¬ 
prietors of modc^rn Ireland. Folklore 
and ethnology support this view, but 
we find very little evidence concerning 
the underdogs in the Irish Law Texts, 
since they relate to the upper classes. 
Documentary evidence by itself is thus 
misleading. What has archeology to 
say? 

The techniques of archeological field 
work have made such rapid progress in 
recent years that we may expect much 
new light on field systems and methods 
of prehistoric cultivation, but we can¬ 
not yet say when settlements became 
permanent. I believe that the adoption 
of ridge cultivation was an important 
advance. The narrow ridges on which 
Irish potatoes are traditionally planted 
(Fig. 69a) were adapted from the 
wider ridges on which oats were 
sown. Their preparation required much 
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Fig. 70 —Part of the townland of West Torr, County Antrim, Northern Ireland, showing settle¬ 
ment in tlie eighteenth, nineteenth, and twentieth centuries. 

o) Carri\egarive quarterland (West Torr Townland) from an estate map, ca. 1782. If this 
map is to be trusted, there were at most three farms in the quarterland at that time, presumably 
established in the outfield of the "town** (cluster) of Torr which is marked on William Pettys 
xni^ (The Down Survey, ca. 1655). 

b) The first Ordnance Survey map (1832) shows a cluster with its open field round about, 
the result of joint inheritance. Heights in feet. 

c) Ordnance Survey map, 193^ The townland is now one of scattered farms and inclosed 
fields which have taken in much of the old outfield. 
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hard labor and “mannering” with spade, 
rake, and shovel and usually meant co¬ 
operation. As made in the outfield, the 
ridges depended on efficient sod-cutting 
implements and are therefore not like¬ 
ly to predate the early Iron Age. Similar¬ 
ly, I think that the great expansion of 
cultivation and population in the Irish 
“potato age” dc'pended on the steel- 
edged spade, which is still hand-forged 
in hundreds of shapes to suit local con¬ 
ditions and techniques and which gave 
the Irish peasant his strong back and 
his reputation as a navvy. Even today 
spades are sometimes employed on old 
grassland which is said to be “too tough 
for the plow.” 

Ridge cultivation was the answer to 
the problem of the rapid loss of fertility 
involved in the shallow tillage of the 
pioneer farmers, and I suggest it was 
a factor in that new ecological adjust¬ 
ment in regions of difficulty—the Celtic 
synthesis—to which I have referred. The 
Irish “lazy bed” will illustrate one vari¬ 
ety of spade ridge. It is so called be¬ 
cause the sod under the ridge is left in¬ 
tact, and the layer of decaying grasses 
on which the potato sets are placed not 
only provides humus in the right place 
but prevents the plant nutrients in the 
covering manure and soil from being 
washed down. Moreover, the sods and 
earth pared and dug from the interven¬ 
ing furrows raise the bed above the 
water table, while the furrows them¬ 
selves act as open drains and are also 
dug deep enough to break the iron pan 
and thus give improved soil drainage. 
Old ridges are to be seen almost every¬ 
where in Ireland and Scotland, and 
there are traces of spade ridges in many 
other parts of Highland Britain, in Nor¬ 
way, and in Switzerland, The high- 
backed plow ridges of many lowland 
areas of open-field cultivation, typically 
in the clay lands, served a similar pur¬ 
pose. 


CROPS AND ANIMALS 

To the primary Neolithic crops and 
animals—wheat and barley, cattle and 
pigs—others were added in later pre¬ 
historic times. The subject has been so 
recently treated (Clark, 1952; Helbaek, 
1953; Zeuner, 1954) that we may con¬ 
fine ourselves to some ecologie aspects. 
The fact that wheat thrived in north¬ 
western Europe in the second millen¬ 
nium B.c. in areas where it will hardly 
ripen today has been adduced as evi¬ 
dence of the dry subboreal climate. Yet, 
in Ireland, bogs and alder were spread¬ 
ing during some phases of the period. 
The abundant remains of domesticated 
plants and animals recovered during the 
last century from the Swiss lake dwell¬ 
ings, which included in one case piles 
of manure with layers of litter and 
droppings of cows, sheep, pigs, and 
goats, have since been supplemented by 
evidence obtained from many sources. 
The dominant Neolithic cereal was em- 
mer (Triticum dicoccum), which is still 
grown in a few isolated corners of our 
region. Barley became far more impor¬ 
tant than wheat during the Bronze Age, 
after the disturbances which broke up 
the Neolithic cultures, and it has been 
suggested that it was beer which gave 
the migrant Beaker folk their charac¬ 
teristic drinking vessels and their spirit¬ 
uous ascendancy. Rye and oats, begin¬ 
ning their careers as weeds among the 
older cereals, became established as 
secondary cultivated plants, it is 
claimed, when the Sub-Atlantic climatic 
deterioration deprived the wetter re¬ 
gions of their wheat. This correlation 
is too simple to be true. Vital ecologie 
changes followed the destruction of for¬ 
ests, and, since many of the weeds 
which found congenial pioneer habitats 
in the clearings were boreal or tundra 
species such as the birch, their invasion 
of the lowlands might easily be inter¬ 
preted as proving climatic change. At 
any rate, both oats and rye are first 
recorded in Britain in the early Iron 
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Age, and the former was to become in them are correspondingly different. The 
time the “corn” of the highland zone, English village has lost many of its old 
food for man and beast. The adoption functions and has changed its social 
of oats confirmed the Atlantic coast structure^, but tluTC can be little doubt 
lands in their pastoral ways. Rye took that it bred a disciplined tradition of 
root in the old massifs of mid-Europe self-government and a respect for law 
and on the sandy moraines of the Baltic and order which, to the Irishman, ap- 
lands. It was these same areas that wel- pear to be the mark of simple minds. Its 
corned the potato in the eighteenth cen- favorite game, a figure of fun to the 
tury, with immense social consequences Irish, is the flanneled ritual of cricket 
for Ireland and Germany in particular with “gentlemen and players’" in friend- 
(Salaman, 1949). It may be surmised ly rivalry on village greens. It is a 
that oats and r>e brought changes of a pleasant theory that the twenty-two 


similar order in the life of the marginal 
lands of Western Europe in late prehis¬ 
toric times. 

VILLAGE AND HAMLET 

Meitzen’s monumental work {Siede- 
hmg und Afiiarwcscn, 1895) attempted 
to explain field and settlement patterns 
in Western Europe by reference to his¬ 
torically attested peoples. Regional 
studies and archeological research have 
shown that the facts are more complex, 
and, though much is confused, it is at 
least clear that no single theory will 
sulfice to explain them. An ecological 
approach which considers the interrela¬ 
tions of cultures and environments 
scc'ins to be necessary, but it must allow 
for the inheritance of traditions from 
earlier phases of adjustment. We need 
intensive studies, before it is too late, 
of the dialects and traditional dresses, 
the crafts, oral traditions, folklore, and 
folk music of our peasantries—work in 
whicli Swedish scholars have pioneered 
—but we also need systematic, anthro¬ 
pological .surveys of peasant communi¬ 
ties as functioning entities. 

In the present-day rural landscapes 
of West! rn Europe the contrast between 
the village,s of the plain with their strip 
fields and the scattered farms of the 
Atlantic c(jast lands with their hedged 
fields, evt n if rarely so sharp as that 
shown in the air photographs (Fig. 71), 
is neverthelc'ss striking. And the atti¬ 
tudes of the folk who live and work in 


yards of the cricket pitch owe their 
origin to the chain-wide furlong strips 
of the open fields. 

In the pastoral uplands loyalties are 
to kin rather than to communitv. l'h(' 
Irishman’s inherent lawlessness and in- 
dej3endence spring from this attach¬ 
ment. The countryman likes to have 
personal relations with those who gov¬ 
ern him, and the outside world should 
b() capable of b('ing manipulated on a 
personal basis. It is all-important to 
“know the right peoj^le.” “Friendship” 
keeps its original rncjaiiing of blood rela- 
tion.ship, and the claims of friendship 
may be stronger than the claims of ab- 
.stract justice. Civic virtues are poorly 
developed; the country towns are small 
and for the most part no more than 
three or four centuries old. With the 
breakdown of the clan system and the 
substitution of a money economy and 
alien landlords, the pastoral peasantries 
lost their leaders; they have remained 
suspicious of the borrowed trappings 
of representative government. 

Taking Western Europe as a whole, 
the villages of the plains, unless de¬ 
liberately broken up, as happened in 
Denmark, have retained their form as 
nucleated settlements. The little ham¬ 
lets of the uplands, however, have al¬ 
most entirely given way to scattered 
farms since the late eighteenth century. 
Sometimes the change was made by 
agreement with the landlord, and some¬ 
times it was enforced; but, on the 
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Fig. 71.— Contrasting patterns of land use and settlement in the European plain and the 
highland zone. 

a) The village of Uetterath, Munster, Westphalia, showing open-strip cultivation and limited 
parcellement. It was estimated in 1943 that between a quarter and a third of the arable land 
of Western Europe was still held in scattered parcels. The landscape is loessic. 

b) Inclosed landscape with hedged fields and scattered farms, County Tyrone, Northern Ire¬ 
land. Glacial drumlin topography. Near the center is the site of a Dark Age rath on top of a 
drumlin, surrounded on one side by traces of concentric inclosures. A modem farm lies along¬ 
side the original homestead site. The average field size is about two acres. 
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whole, save for iuslances oi piithologi 
caJly complex parccllement, ft was a 
peaceful process which Iclt little trace 
in records or acts of Paiihuuent. Ihe 
hamlets were merely clusters of farms, 
with no public buildings, no church, 
shops, or other attractions; and, once 
the advantages of permanent inclosure 
were seen, the little houses were aban¬ 
doned. For a pastoral people there are 
obvious advantages to living in the 
midst of the fields, with the animals 
close at hand; and the compact farm, 
either squarish or ladder-like in plan, 
according to the terrain, has become 
the standard holding of upland Britain 
and Ireland. The fields arc small, and, 
while most are laid down to grass—for 
hay is the main crop—the plow is “taken 
round the farm” periodically. Thus the 
outfield method, improved by the sow- 
ing of grass and clover mixtures and by 
the laying of drains, evolved into the 
system of fairly long leys which is well 
ada^^ted to humid climates where over¬ 
cultivation leads to leaching and sour¬ 
ing of the soil. We know from records 
of Cistercian granges in eastern Scot¬ 
land that grass parks for alternate hus¬ 
bandry were inclosed as early as the 
fifteenth century, but the system did 
not become general until after the 
adoption of root crops. In the transfor¬ 
mation of an open countryside with 
clustered houses into an inclosed land 
with scattered farms, the improved iron 
swing plow (i.e., without wheels), in¬ 
troduced into Scotland about the year 
1765 hy James Small, played an impor¬ 
tant p;irt. It was pulled by two horses 
in plac of the large ox teams required 
for tl)f v^riide wooden plow, and it was 
well acaj^ted to the small fields of the 
uplands, much as the ard had been to 
the little t .('Itic fields whose shapes they 
reproduce. Small's plow was speedily 
adopted liuoughout northwestern Eu¬ 
rope from Norway to Ireland. 
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niE PAST IN THE PEASANT 

1 have drawn many of my examples 
and illustrations from that part of West¬ 
ern Europe with which I am most fa¬ 
miliar, and if I now confine myself to 
Ireland it is because, in addition, this 
peripheral island provides abundant 
material for the study of archaic sur¬ 
vivals among a peasant people (Arens- 
berg and Kimball, 1940; Evans, 1942; 
Mogey, 1947). Despite the industrial¬ 
ization of the northeast and the drive 
toward economic self-sufficiency in the 
Republic, well over half the population 
remains rural, dwelling for the most 
part on farms averaging 25-30 acres. 
The lowing of kinc? and the bellowing 
of bulls echo through the folklore and 
legendary histories of the Celtic world. 
True to tradition in this land of grass, 
oats, and cattle, the consumption of 
milk and dairy products per head of 
population is the highest in the world: 
1,439 pounds in 1953 (if we are to be¬ 
lieve the astonishing statistics issued by 
the United States Department of Agri- 
culure). For the Irishman, “meat" 
means beef. The pig, “the gentleman" 
that once paid the rent, is also a gentle¬ 
man in his lineage, and he thrives on 
the by-products of the dairy. 

To this day in isolated spots the 
breeding of cattle and the making of 
butter are hedged around with taboos 
and lucky omens which have to do with 
flowers and shrubs. It is noteworthy 
that they are the plants which followed 
in the footsteps of the pioneer farmers 
—the shrubs of forest clearings, the flow¬ 
ers’ of the fields, and the weeds of culti¬ 
vation. There is great virtue in the 
golden “Mayflowers,” in the hazel twig, 
the rowan branch, and, above all, in the 
flowering May tree—the hawthorn—to 
which offerings of milk were once made. 
Summer is welcomed on May Eve by 
ceremonies of decking with flowers the 
house, byres, middens, and springs 
which are thus linked in a golden chain 
of fertility, for the flowers chosen— 
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marigolds, primroses, and gorse—are 
golden-yellow, the color of fresh butter. 
Clearly there is in this an element of 
sympathetic magic. Thus the dandelion, 
which is blessed with both a golden 
head and a milky stem, is "the plant of 
Bride,” associated with the favorite 
Irish saint who was a milkmaid, pro¬ 
tector of cows, and successor of a pagan 
goddess. Birch twigs and green rushes 
fashioned into crosses are used in rites 
celebrating St. Bridget’s Day on the first 
of February, the beginning of spring. 
The solitary thorn tree (the fairy or 
gentry thorn) is regarded with such su¬ 
perstitious reverence that I have seen a 
tractor plow carefully avoiding its roots, 
and there are parts of the country where 
the only trees left are fairy thorns, 
whose creamy white blossoms are both 
a sign that damaging frosts are over and 
a bounteous promise of a full flow of 
milk. I see in the strength of these be¬ 
liefs a measure of the intimate associa¬ 
tions between early man and his imme¬ 
diate surroundings, but do they not also 
reflect his efforts to ward off the evils of 
diminishing returns which followed the 
use of Mediterranean tools and crops in 
an Atlantic environment? Like the bogs 
which grew over many of the first farm¬ 
lands, the timeless peasant mind holds 
the past in its depths. 

The complex mosaic of peasant be¬ 
liefs is also colored by lingering fertility 
rites associated with the great stone 
monuments which remain as visible re¬ 
minders of man's early efforts. There 
are traces of an old belief that the fair¬ 
ies are the spirits of the dead waiting to 
be reborn, haunting old burial places. 
In the early nineteenth century it was 
written of County Clare: "If a woman 
proves barren, a visit with her husband 
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to one of the megaliths certainly cure.s 
her.” Some of the games formerly 
played at wakes for the dead were 
frankly pagan, involving, for example, 
symbolism derived from boat-building, 
which recalls the rock carvings of sa¬ 
cred vessels (associated with fertility 
cults) found on Bronze Age sites along 
the coast of Norway. One might refer 
to many other examples of survivals, 
such as the process of match-making 
and the fixing of the dowry, involving 
negotiations which clearly reveal the 
values of rural life. There is little room 
for romantic love or divorce—the luxu¬ 
ries of a landless society—in a commu¬ 
nity which measures wealth in terms of 
land and livestock. 

Surveying the present cultural land¬ 
scape, we see a countryside parceled 
out into isolated farms which have won 
their freedom but have lost their self- 
sufficiency and their local leaders. When 
farming began, the land was forested 
from coast to coast; in ecological terms 
it is the peasantry which now forms a 
closed association over the face of the 
land. The craftsmen, the petty kings, 
and the landlords have gone. It is an 
egalitarian society, and its most prized 
virtue is "modesty.” It is difficult not to 
conform in a naked countryside where 
one's neighbors are always watchful. 
The drive for increased output and 
mechanization means that fewer people 
are required on the land. Families are 
dying out or moving out of the mar¬ 
ginal areas, and it is those vvdth initia¬ 
tive who move first. But a peasantry 
which has endured for so long and sur¬ 
vived so many vicissitudes and techno¬ 
logical changes will, I believe, still pre¬ 
serve some of the values it has kept 
through the centuries. 
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The Quality of Peasant Living in 
Central Europe 

GOTTFRIED PFEIFER' 


INTRODUCTION 

To pose the “quality of peasant liv¬ 
ing” as a problem related to man’s role 
in changing the face of the earth pre- 
supposes that a special “man-made 
landscape” originated in Central Eu¬ 
rope, produced not merely by agricul¬ 
tural activitic's but by the prolonged 
action of peasant living upon the soiL 
The proposed theme emphasizes the 
“quale” of such peasant living and not 
solely the peasant landscape. Discus¬ 
sion is weighted toward this factor, with 
its historical, social, and economic im¬ 
plications, which created certain forms 
and features on the face of the earth. 
Nature, as the more passive partner in 
the evolutionary drama, has had to be 
passed over briefly. 

It is in the nature of peasantry that 
it has its own history, only slightly 
touched by strife and warfare among 
major political powers. Only cata- 

® Dr, Pfeifer is Professor and Head of the 
Department of Geography, University of Hei¬ 
delberg, Germany. In 1950 he traveled with 
Profr;,sc)r Waibel as a guest of the Conselho 
Nacional de Geografia, Rio de Janeiro, Brazil. 
He li.i?; I,>een a visiting professor at the Univer¬ 
sity of Cie.orgia, Athens (1952), and at the Uni¬ 
versity jyf Minnesota, Minneapolis (1953). His 
works int iude: Das Siedlungshild der Land- 
schaft Angeln, 1928; Die rdumliche Gliederung 
der Landu irtschaft im ndrdlichen Kalifornien, 
1936; “St)nora und Sinaloa, Beitriige zur Kul- 
turgeographic des N.W. Mexico,” 1939; “Die 
Emahrungswirtschaft der Erde,” 1948; and 
“Die knltiirgoographisohe Stelhing Bra.silien in 
des Neuen W rit (I),” 1952. 


strophic movements that uproot all fun¬ 
daments, like the French Revolution or 
the wars and revolutions of our times, 
which devastate not only the lands but 
also the peoples and their social struc¬ 
tures, annihilate historical peasantries. 
On the other hand, the molding of in¬ 
fluences working in the social and eco¬ 
nomic spheres to alter the quale of 
peasant living may not heed political 
frontiers. Thus, for our discussion of 
questions pertaining to cultural geog¬ 
raphy, politiciil boundaries—past or 
present—may appear as factors but do 
not serve as boundaries of the first or¬ 
der. 

Central Europe, in our definition, 
overlaps with the eastern fringe of West¬ 
ern Europe (cf. Evans, Fig. 66, p. 219). 
I include the drainage area of the Rhine 
in the west and the upper reaches of the 
Danube in the south. The eastern 
boundaries are less easily defined, ow¬ 
ing to wide spacing of natural grada¬ 
tion and a complex history (Sinnhuber, 
1954). Our discussion is here confined 
to. the area where the peasants speak a 
German dialect and have a common 
history. 

Between 48° and 52° N., the climate 
of Central Europe is moderate, of the 
northern, cooler variety. The growing 
season is in the summer, while the 
ground in winter is left dormant. The 
range of crops adaptable to the climate 
is limited but includes small grains and 
certain root crops, among the latter no- 


240 



The Quality of Feasant Living in Central Europe 241 


tably the Andean potatod Between the 
oceanic and mild Western Europe and 
the great expanse of continental east¬ 
ern Europe, the zones of climatic grada¬ 
tion follow from the northwest to the 
southeast. Topographic relief is mod¬ 
erate in most parts with respect to alti¬ 
tude and inclination of slope, but to¬ 
pography interacts with climate suffi¬ 
ciently to bring about decided regional 
variations. 

Soil fertility is moderate, generally 
speaking. Sandy parent-materials are 
liable to podzolization in the northwest. 
In lee positions of the middle upland 
and mountain belt, and in basins with 
warmer climate, soils of substeppe-like 
quality occur, notably on loesses and 
limestones. The soils in the central up¬ 
land belt and the escarpment landscape 
of southern Germany are conditioned 
more by great petrographic variety of 
parent-material than by climatic grada¬ 
tion. 

Tilling of the soil in Central Europe 
(though not so old as early high civi¬ 
lizations) dates back to at least Neo¬ 
lithic times (cf. Evans, pp. 223 ff.), yet 
in the course of more than five thou¬ 
sand years and considerable historic 
turbulence the peasantry has main¬ 
tained continuous productivity of the 
land. Although the expanse of agricul¬ 
turally used territory changed consid¬ 
erably in historic times, emphasis has 
been placed upon increased productiv¬ 
ity and intensification of use. At the 
same time one of the most surprising 
features of the Central European land¬ 
scape is that forests have been pre¬ 
served to such an extent. They still 
cover more than 25 per cent of the total 
surface, and the watersheds are still suf- 

1. Grapes thrive and produce wine of com¬ 
mercial quality in the more favored parts, and 
the **Weingdrtner* is decidedly an important 
subtype of the Central European peasant. The 
American will miss the soybean, which it has 
been impossible as yet to add to the Central 
European range of crops. Maize also is of mi¬ 
nor, though increasing, importance. 


ficiently protected. The pleasing mix¬ 
ture of forests and open, cultivated land 
has led geographers to speak of a “liar- 
monious landscape” (Gradmann, 1924, 
p. 30), which contrasts with some parts 
of western and southern European scen¬ 
ery. In spite of shifts in area between 
wilderness and cultivated land, the im¬ 
pression is of stability rather than of 
catastrophic change. 

Although the mild nature of Central 
Europe threatens the peasant with 
fewer climatic hazards than those which 
occur in many other parts of the world, 
nevertheless peasant management of 
the land and peasant attitudes and in¬ 
stitutions have to be credited for such 
stability through many centuries. Cen¬ 
tral Europe exhibits no extensive areas 
of soil erosion, nor have sizable areas 
completely passed out of production. 
We know that the land of European 
peasantry has not entirely been spared 
of various forms of land misuse, but re¬ 
cuperative powers have outbalanced 
the detrimental processes. In Central 
Europe, as in many parts of the world, 
the peasant areas of quality are not the 
ones where the conservationist is most 
needed. 

The economic results of Central Eu¬ 
ropean peasant agriculture bespeak sur¬ 
prising adaptability, which has main¬ 
tained a high degree of self-sufficiency 
of the population (for Germany, con¬ 
ventionally rated at 80 per cent). The 
harvest yields have increased—though 
they have not attained the very highest 
returns in a statistical average—and 
Central European agriculture has led 
that of other countries for nearly all 
crops grown. Yet it must not be over¬ 
looked that, for many decades. Central 
European farmers have enjoyed tariffs 
which, unlike some of the smaller coun¬ 
tries, protected them from the full force 
of impact of the free world market. 

Central European peasant society 
bears many affinities and similarities 
with that of Western Europe, but the 
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distribution of sizes of holdings is some¬ 
what different, and tenantry is far less 
important. This will he easily recog¬ 
nized by comparing Figures 72 and 73. 
Most conspicuous is the contrast in 
Central Europe between an area of 
very small farms, on the average, in the 
southwest, and an area of formerly 
large estates in tlio' northeast. Tiny 
holdings and true latifundia occur, yet 
neither characterizes Central Europe as 
a whole. Like Western Europe, true 
peasant sizes of holdings prevail. Prop¬ 
erty structure points toward ownership 
of the soil (Fig. 73), in contrast with 
wide areas of Western Europe. Nine- 
tenths of the total utilized surface is in 
the hands of owners; one-tenth is held 
by tenants, though local variations are 
important. 

Today, the Central European peas¬ 
antry, like the rest of the world, feels 
the changes wrought by industrializa¬ 
tion and urbanization. Rural depopula¬ 
tion, scarcity of labor, mechanization, 
traditional methods, and unfavorable 
price relations, as w(dl as changes in 
modes of life and living standards, af¬ 
fect the countryside. The old peasant 
structures are shaken with uneasiness 
and a sense of approaching revolution¬ 
ary alterations. It is our task to save 
what has been best in historic peas¬ 
antry, lest we lose a fundamental basis 
of our society as it has grown through 
time. 

CHARACTERISTICS OF PEASANTS 
AND PEASANT SOCIETY 

Social Traditions 

lio are peasants and why do we 
speak of a special “peasant” way of liv¬ 
ing? The English and German lan¬ 
guages conform, in so far as the term 
denotes in both more than just a person 
occupied in agriculture (cf. Evans, p. 
220). To be a peasant is to have a def¬ 
inite estate, in the historical sense of 
the term~to belong to the *‘Bauem~ 
stand^ (Riehl, 1851, pp. 33 ff.). One 


does not choose to be a peasant. One; is 
born into peasantry. Pe;asantry does not 
derive its quality alone from the char- 
aeter of its economy but refers to the 
mode of life of a social group of tradi¬ 
tional standing. After the great melting 
of medieval society in the fire of the 
French R(;volution, peasantry and no¬ 
bility retained longest the medieval 
quality of an estate and declined to be¬ 
come a class. Riehl (ibid.) character¬ 
ized both nobility and peasantry as the 
forces for stability (Krcifte der Behar- 
rung), contrasted to the forces for mo¬ 
bility (Krcifte der Bewegung) of the 
third and fourth estates (Burgertum 
and Arheitertum). Nobility, just as 
peasantry, has retained its rooting in 
the soil in Central Europe more than 
in many other parts of Europe. The fate 
of peasantry has b('cn tied up with no¬ 
bility for better or worse over a long 
period. We cannot understand the land¬ 
scape unless we also recognize; the influ¬ 
ences of tradition and social institu¬ 
tions created by man, for these influ- 
encc;s became the; means by which the 
patterns of land distribution were es¬ 
tablished. 

The peasant was born on the land in¬ 
herited fre)m ance;stors as the son of a 
peasant. Birth determined one's status 
not only in a scale of wealth but fre¬ 
quently also in a rural hierarchy of 
graded rights and social status. The 
fully righted peasant—the “Vollerhe** as 
he was called in northwestern Germany 
—was born as such, just as was the 
le)wer man, the **Kdtner** *"Seldner,** or 
whatever his particular character may 
have been. The accident of being a 
second son might spell non-participa¬ 
tion in inheritance and even descent to 
lower social status, for the desire to 
keep the family landholding together 
led to majorates or minorates (Aner- 
henrecht, geschlossene Hofiibergabe). 
The custom of dividing land among 
sons into equal parts (Realerbteilung), 
prevalent today notably in southwest- 
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cm Germany, seems to be of more re¬ 
cent origin, developed under the influ¬ 
ence of urban practices and the recep¬ 
tion of Roman law. There, the peasant 
holdings tend to suffer parccllc?ncnt; 
the older social orders dwindle; families 
rise and sink with the change of gen¬ 
erations; the mobility of real estate in¬ 
creases; and something of the aborigi¬ 
nal quality of peasant life is lost. 

The traditional customs of anteced¬ 
ents and neighbors determined behav¬ 
ior very rigidly. Food habits, modes of 
clothing, wooing and mating, worship 
and burial, material and ideal scales of 
values, even religious convictions, con¬ 
formed to one’s neighbors. Whether the 
settlement structure consisted of single 
farmsteads, hamlets, or villages, the 
peasant always found himself deeply 
rooted in communal bondage that was 
older than he himself. Family, neigh¬ 
borhood (Nachbarschaften), manorial 
relationships (grtmdhcrrschaftliche Bin- 
dungen), the single farmstead rural 
communities (Baucrnschaft), or the 
modern forms of community (Ge- 
meinde), and even political units made 
up of several estates (Gutshezirk), 
framed his individual and social exist¬ 
ence. Within such narrow but meaning¬ 
ful spheres, he carried on his contribu¬ 
tion to public life. In spite of manor, 
serfdom, or other forms of bondage, the 
peasant exerted some kind of self-ad¬ 
ministration, by traditional and care¬ 
fully watched laws and customs. Such 
laws and customs were set down in 
written texts as so-called *‘Weistumer/* 
**jL>orfwillkuren** and **Dorfheliehun- 
gen** Peasantry arose hesitantly and 
with difficulty, from thinking in the 
realm of family and community, to ac¬ 
knowledge the modern state. The peas¬ 
ant wars ( Bauernkriege ) of the fif¬ 
teenth and sixteenth centuries were 
caused largely by resentment to the ris¬ 
ing state authority that tried to pene¬ 
trate the countryside with new laws 
and regulations. 


'Jving in Central Europe 

It is of extreme geographic impor¬ 
tance to take cognizance of the fact tiiat 
the rural scene is broken into small, 
areal units which are not merely ex¬ 
pressions of natural sites, patterns, or 
artificial groupings for administrative or 
statistical purposes. The peasant way 
of living expresses itself on the land by 
the impress of groups acting on their 
respective areas. ITic home of the peas¬ 
ant is part of a traditional settlement 
structure; his fields are parts of a com- 
iiiiinal area, and frequently he partici¬ 
pates in rights of usufruct on land held 
in common. “Dor/,” “FZur,” ‘‘Allmende** 
^Gc77iarkungy' and *‘Gcineinde** to use 
some German terms, are social and spa¬ 
tial institutions by which peasantry 
stamps its activity on the face of the 
earth. 

The good peasant takes honor and 
pride in his work. To work and to live 
are still identical, the idea of limited 
hours of working beang alien to his 
thinking. lie feels a responsibility to¬ 
ward the land, as part of the duties be- 
stv)vved upOTi him by the Lord. His eco¬ 
nomic spirit (Wirtschaftsgeist) is large¬ 
ly directed by considerations about the 
farmstead (Hof) rather than toward 
profit-making in a monetary sense; to 
think in terms of the market has not 
been foreign to him, dating to medie¬ 
val times. But we should not glorify 
him as altruistic; avarice is one of his 
vices. Abel (1935) has endeavored to 
exemplify how business cycles have ex¬ 
erted strong influences upon rural life. 
Riehl (1859, pp. 233, 237—39) has given 
a vivid description of the cattle-raising 
peasant in the marshes, who bears him¬ 
self like a “baron,” and of the grain 
peasant in the fertile plain (Borde), 
who frequents the casino. However, 
truly conservative and frequently ar¬ 
chaic refuges of traditional peasant life 
still may be found—on a lonely farm¬ 
stead in the Low German heath, in a 
mountain hamlet, or even in villages 
not touched by strong currents of trade 
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and communications, although the in¬ 
fluences of the modern age tend to di: 
solve more and more of such islands. 

Structure of Rural Society- 

The basis of an individual peasant 
enterprise is the family. The family- 
size farm is the peasant holding par ex¬ 
cellence. 7'his definition does not pro¬ 
hibit the e^mployment of hired hands 
(Gesinde), for such traditionally be¬ 
longed to the family. They stemmed 
from the neighborhood, usually the 
same village, if not from the same fam¬ 
ily tree. The hired hand might have 
been born into his status, just as his 
peasant employer inherited status and 
property from liis ancestors. The earli¬ 
est Germanic societies of historical rec¬ 
ord were composed not solely of free 

f Deasants of equal rights and of a few 
ending families; a substratum of lesser 
order, varying in status from true slav¬ 
ery to bonded freedom (Hintersassen) 
and attached to individual peasants or 
the whole community, also inhabited 
the countryside. We may scarcely con¬ 
ceive of the peasant landscape of Cen¬ 
tral Europe having been created with¬ 
out such lower ranks in the rural soci¬ 
ety, who were usually .shut off from 
usufruct of the common lands (AH- 
mende). The breakup of such graded 
hierarchies of rural social structure, ac- 
comjianying the downfall of medieval 
order, has been one of the major 
achi(‘vemcnts of the last two centuries. 

Th(' lower orders were personally freed 

2. S(-c the excellent article “Agrarverfas- 
suii^ ill Handworterbuch des Grenz- und Aus- 
lunddrutschtum, edited by C. Petersen, O. 
Scheel. r. H. Ruth, and H. Schwalm (Breslau: 

F. flirt, 1933), I, 23—70, especially the parts 
written by R. Kdtzschke, K. Weimann, and S. 

Ipsen, pp, 23—52. The English reader may re¬ 
sort to the Encyclopaedia of the Social Sci¬ 
ences, edited by E. R. A. Seligman and A. John¬ 
son (New York; Macmillan Co.), especially 
the articles, “Manorial System** by R. Kdtz¬ 
schke, IX, 97-102, and “Peasantry** by C. V. 
Dietze, XI-XII, 48—52, and related articles 
quoted there. 


the Face of the Earth 

(like peasants of bondage) and given 
some land, which frequently was taken 
from the common lands, a process 
which increased the number of smallest 
holdings. Their homes Blled the open 
spaces in the villages or were scattered 
along the borders of the communal ter¬ 
ritory.^ 

During the eighteenth century, gov¬ 
ernments endeavored to better the con¬ 
ditions of the Jow('r rural orders by at¬ 
tempting to furnish the lower ranks 
with sufficient land to bring them close 
to family .seJf-siiflicicncy—to bring them 
into Ackernahrung. In the Ackernah- 
rung, denoting the smallest unit of fam¬ 
ily subsistence farming, was the man 
who was forced to seek additional work 
to make a living for his family and who 
did not properly belong to the full cate¬ 
gory of peasant. He belonged to the 
rural society, which had always been 
stratified, but he may have been classed 
as "Tagclohncrf" **Heuerlingf' rural 
"Tlandwerker,^' or, under modern con¬ 
ditions, *"Arheiter-Bauer* and *Tendlerf" 
according to occupation or local term. 

P’amily size, enterprise, and self-suf¬ 
ficiency have always been stressed as 
essential characteristics of peasantry. 

But production for the market and spe¬ 
cialization of production by no means 
destroyed peasant quality. In fact, for 
as far back as we are able to trace rural 
economy historically, we must infer that 
peasants produced surpluses which 
went either into channels of the mano¬ 
rial system or, later, to urban popula¬ 
tions. The capitulare de villis of Charles 
the Great embodied provisions con¬ 
cerning the grain trade. Livestock-rais- 
ing, grape-growing, dye-weed produc¬ 
tion, etc., provided an early basis for 
.specialization. It must be admitted, 
though, that such commercial speciali¬ 
zation tended to prepare inroads for 
city ways not akin to, and not devel¬ 
oped out of, primeval peasant life. Sub- 
types of peasantry evolved, but the up- 

3. See Pfeifer, 1928, Part V, pp. 95-107. 
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p('r limit ol rural structure' was the es¬ 
tate (Oaf). Cuf is a lar^e, rural enter 
prise' wlK're* mana^euu'ut anel fie'lel weak 
are carrie'd e)ut by ciifie're'ut jK'rsems. Se)- 
cially, the owne^r does not belong to the 
peasant estate. 

Just as there was a lower order, there 
was also an upper stratum of landed 
aristocracy in rural society. The growth 
of the manorial system (Gritndhcrr- 
schaft), recognizable since Merovingian 
times, create'd the typical structure of 
medieval rural society. Extensive, but 
usually widely scattered, holdings and 
rights over peasants in bondage came 
into the hands of lords (Grundherren)^ 
either worldly or ecclesiastical. The 
manorial court {curia; Ger.: Salhof) 
was the centt'r of the organization, and 
the villicus attended to the production 
on the manorial land {Salland, de- 
tnesne) and of the dependent peasants 
(Grundholdcn ). The GrundJierrschaft 
has come to be reckoned more and 
more as the most important institution 
in medieval rural society and economy. 
Manorial lies {Grundherrschaftliche 
Bindungen) strongly controlled the de¬ 
velopment of settlement patterns, prop¬ 
erty order in the fields {Flurverfas- 
sung), the rights in the common lands 
{Alhnende and Markungen), the laws 
of inheritance, the spreading and col¬ 
onizing of new lands, and the fate of 
the forests. The decline of the manorial 
system was of equal imjjortance and 
went in two directions: conversion of 
rights and delivery of work (Fron- 
diensle) and produce into ca.sh income 
(Rentengrundherrschaft); or to consol¬ 
idation for production in large enter¬ 
prises (Gutswirtschaft) worked by 
peasants held in serfdom (Gutsunter- 
tanigkeit, Leibeigenschaft) . The former 
course was taken largely in the Ger¬ 
man southwest; the latter, in the north¬ 
east. 

In the estate economy ( Gutswirt¬ 
schaft) the owner does not work the 
soil with his own hands. He supervises 


the enterprise or intrusts it to a man¬ 
ager, and it is connected with consid¬ 
erably larger holdings (Figs. 72 and 
74). The separation of ownership and 
management does not always imply the 
development of true absentee owner¬ 
ship. It is characteristic for the larger 
areas of the Gutswirtschaft in Central 
luarope that a land-seated aristocracy 
remained and strikingly influenced the 
composition of the rural society. Other, 
more modern, capitalistic forms of Guts- 
tinrtschaften that dev eloped later dur¬ 
ing the nineteenth and twentieth cen¬ 
turies were connected with the invest¬ 
ment of urban and industrial capital in 
real estate. Absentee owners developed 
large-scale production, especially in 
strongly commercialized forms of agri¬ 
culture like the sugar-beet production 
in the Borden of central Germany. In 
such areas manager-operated farms and 
tenantry attain greater proportions. 

Regional Variety in Sizes of 

Property Holdings 

The? simple term “peasantry” will not 
be sufficient to cover the variability of 
the rural landscape. Maps of the dis¬ 
tributions of property size (Figs. 72 and 
74) serve for a first orientation. Sev¬ 
eral characteristic major areas are eas¬ 
ily discernible. The one major area- 
now historic—where large-scale prop¬ 
erty with Gutswirtschaften has predom¬ 
inated is northeastern Germany, where 
the majority of holdings are larger than 
those typically held by peasants. In 
western and southern Germany such 
large holdings are infrequent. Along 
the North Sea coast more than 50 per 
cent of the surface is in large peasant 
holdings, the regions of the large farms 
or estates {Hof-Bauer or Gutshauer). 
Medium-sized peasant holdings (5-20 
hectares) prevail in southwestern Ger¬ 
many, in the Black Forest, in eastern 
Wiirttemberg, Bavaria, Franconia, in 
the Kolner Bucht, Westphalia without 
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Mimsterland, and southwesti n Han¬ 
nover and Saxony. 

Tlie huger pint of soutiuw ^tern Ger¬ 
many, notabJy thc^ J()css-co\ cred Gdu- 
landschaftcn, large areas in the Rhci- 
nische Schicicrgchirgc, m Hesse and 
Thuringia, is dominatc'd hv small hold- 
ings of less than 5 hectares. Conse- 


is jDenetrated by industrial corninuni- 
ties (Gcwerblichcn Gemcinden), work 
ers’ dormitory settlements (Arheitct 
tvohngcrncindcn), mixed workers, part- 
time farmers, and peasants (Arheitcr- 
Bauerngcmcindcn ) (Hesse, 1949). Even 
more mottled would be a map showing 
the porccUcmcnt of property with re- 



Fic. 74.—Distribution of sizes of rural holdings in parts of Central Europe (Germany within 
the boundaries of 1939). (After Huppertz, 1935.) 


quriitly, the whole range of the peas¬ 
ant order is different. For example, the 
limit tor owner-managed land (Guts- 
hefriche) is low, commonly set at mere¬ 
ly 75 he ctares; and in the Kreis Ettlin- 
gen, in Baden, more than 92 per cent 
of all holdings are parceled out in tiny 
holdings below the limit of true peasant 
holdings (Fig. 75). A social map of 
southwestern Germany presents a very 
mottled aspect. The whole countryside 


spect to the distribution of tiny plots 
over the Flur. Weingarten in Baden, a 
typical example, is a village of 6,000- 
7,000 inhabitants, with 1,700 hectares 
of field and some 100 hectares of wood¬ 
land atomized into 14,000 parcels I This 
certainly is a morbid structure. It is 
here that consolidation of the holdings 
and rearrangement of the pattern of 
rural settlement are most urgently 
needed but meet almost insurmountable 
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difficulties. It has been estimated that 
7,000,000 hectares still wait for the proc¬ 
ess of rearrangement of the land (FZur- 
bereinigung) in Germany (Bundesre- 
publik) I 

PLOW AGRirULTlTRE IN 
CENTRAI. EUROPE 

Central European peasant agriculture 
is a branch of the larger Old World eul- 


Living in Central Europe 

The Role of Animal Husbandry 

The essential feature of plow agricul¬ 
ture, in contrast to other forms of cul¬ 
tivating the soil (planting stick, hoe, 
and Eastern Asiatic agriculture), is the 
integration of animal husbandry with 
plant production. It involves not merely 
a juxtaposition of both types of produc¬ 
tion (as in some parts of Africa, for in¬ 
stance); it is a genuine wedding, where- 



Fig: 75.—Social types of rural communities, northern Wurttemberg-Baden, Germany. (After 
Hesse, 1949.) 


ture complex of plow agriculture (in 
the sense of Hahn, 1909, 1914), which 
is the parent-form of modem agricul¬ 
ture. For some aspects of its prehistoric 
development see Evans (pp. 223 ff.). 
Our purpose is to analyze some of its 
traits with regard to the way in which 
Central European peasantry took roots 
on the surface of the earth. 


by one branch supports the other. The 
animals are not only an object of pro¬ 
duction but also an important factor in 
production; the cultivated land serves 
not only for direct human use but also 
for the maintenance of livestock. Ask 
the peasant why he keeps so many ani¬ 
mals, and he may answer, “Because I 
have so much land of such-and-such 
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liiin why he phmts his work. However, that the women his- 


quality/' Ask iiiin why he plants his 

fields in a particular .svstc ni, and he 
may reply, “For I have so many aiii- 
maJs.” The animaJs of importance arc 
cattle, horses, and swine. They are used 
for food (rn(*at and wiJk), for raw ma¬ 
terials (hides, wool, leather), for work 
(drawing, carrying, and riding), and— 
very important—for manure to maintain 
the stahiJitv of soil fertility’. For our 
purpose it is most important that (1) 
the domesticated animal was introduced 
into (he working process and (2) that 
botli types of land utilization are intri¬ 
cately combiiK'd and mutually support 
each other. This is the standard type of 
European j^easant economy as it devel¬ 
oped before medieval times. It is sig¬ 
nificant that tin's productive interlock¬ 
ing begins to loosen with the end of 
peasantry: in colonial agriculture the 
two productiv^e lines frequently part, 
and, with the introduction of machin¬ 
ery and artific?ial fertilizers, the neces¬ 
sity of inner coherence of both branches 
is questioned. 

The consequence' of making the work 
animal a factor in production permitted 
cultivation of an expanded area. In this, 
the work animal proved to be the gen¬ 
uine forefather of modern machinery. 

In fact, plow agriculture contained a j 
germ for further technology, in that the ^ 
harnessed power of the animal was to < 
be applied, in time, to other implements i 
for sowing and harvesting. The conse- i 
(]U('nce was always that larger areas 
might be conquered. The method was ^ 
particularly adapted to the small grains, 
which arc sown broadcast, but less to 
rocjt (lops, which must be planted and c 
cultivated during the growing season. ^ 
The introduction of root crops—one I 
of the major improvements of European 
agriculture during later medieval times I 
—had lar-reaching consequences. The iJ 
animal and the plow brought the man 
out to th(' field as the chief agricultural 
worker and released the women, so ^ 
prominent in hoe agriculture, for home- o 


f torically served as a labor reserve was 
i- proved when root crops appeared in 
c the plow syst(‘in. The planting of root 
:1 crops and tlu' culti\’ation with the hoe 
during the summer are jobs for women. 

: Men will nev('r beat women in digging 

roots and potatoes in harvest time!** 

The use of animal and plow^ in break¬ 
ing the ground calk'd for a clean sur¬ 
face. The planting stick and hoe may 
succc'ssfully work among the litter of a 
clearing where the trunks of fallen trt'es 
still obstruct the ground and the slash 
has be('n reduced by burning, but the 
plow achieves optimum results on per¬ 
manently ck'ared ground. This, of 
course, refers to the plow in its final 
development. Lightc'r, animal-drawn 
implements, like the? ^Tlakenpflug,” or 
th(' *‘ZocJir/* served in slash-and-burn 
economy.But the.' exception will con¬ 
firm th(' rule. The permanently cleared 
fields, to a considerable extent depend¬ 
ent in size on the capacity of man, work 
animal, and plow, appeared as the de¬ 
termining entities around which the ag¬ 
ricultural .system was organized, as dis¬ 
tinguished from garden beds or the 
jolots of planting-stick and hoe cultiva¬ 
tion. Many important features of Euro¬ 
pean peasant life, such as the plow 
team and field patterns (long strip, 
etc.), have been related to the develop¬ 
ment of plow types and working ani¬ 
mals (oxen, cows, or horses). 

Fallowing and the Danger 
of Erosion 

The capacity to cultivate larger fields 
enabled the plowman to break more 
ground than used annually for produc¬ 
tion. Fallowing, in the true sense of the 

4. The whole subject of women in Central 
European agriculture as a reserve labor force 
is worthy of study. It has been estimated that 
they perform about 50 per cent of the work. 

5. For such forest-field rotation connected 
with burning, various terms are used, e.g., Nor- 
discher Brandrodungshau, Reuthergwirtsrhaft, 
or Haubergwirtschaft. 
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agriculturist, made its appearance. Fal¬ 
lowing, as opposed to shifting cultiva¬ 
tion, is a feature of high importance, 
for it allows the land to rest and re¬ 
cover some of its spent fertility without 
reverting to wilderness. Fallow lands 
are ready for planting early in spring of 
the next year and are a great help where 
climate shortens the seasons (jachere 
climatique, Hohenbrache, Brache in 
hohen Breiten). Cultivated fallow land 
will absorb precipitation without giv¬ 
ing it back by plant transpiration when 
handled by dry-farming methods (;a- 
ehere de secheresse ). Such climatic fal¬ 
lowing greatly favored the spread of 
the plow complex to otherwise unsuited 
climatic areas. The summer fallow, 
where fenced in, served as additional 
pasture, especially for the smaller ani¬ 
mals. 

Fallowing practices were equally im¬ 
portant from the economic point of 
view. They provided another subject for 
common counsel (Flurzwang) and folk¬ 
ways among the peasants. They were 
the means for adapting the field system 
to the economic situation. With increas¬ 
ing distances from markets, fallowing 
was advocated as a labor-saving device. 
Regular fallowing determined the order 
of the most important early field sys¬ 
tems: the two-field and the three-field 
systems. But fallow land also introduced 
a cleaned and cultivated reserve field, 
upon which new crops entered the sys¬ 
tem with growing intensity. Black fal¬ 
lowing changed to green fallowing. 
Root crops and potatoes covered the 
former fallow land in the improved 
three-field system. The loss in meager 
pasture was outweighed by the gain in 
fodder production of forage crops. 

But clean fallow points to some dan¬ 
gers implicit in plowing. The plow 
breaks the total area, and all protective 
plant cover is removed. A clean surface 
lies bare to the erosive action of strong 
lainfall or sw^eeping, dry winds. The 
early sprouting of a dense carpet of 


winter-sown small grains may alleviate 
the danger of soil erosion, but where 
plow agriculture is applied in more dan¬ 
gerous climatic regions to crops taken 
over from hoe agriculture, as happened 
so widely with maize or cotton in the 
New World, dangerous soil erosion en¬ 
sues. 

The plow is inferior to the hoe or 
the planting stick on steep slopes. 
Plowed, inclined slopes are also endan¬ 
gered by soil erosion, especially when 
the furrows run down the slope. But 
peasant agriculturists early found reme¬ 
dies. Tfie slopes were preferred, for 
reason of fresher soil and better natural 
drainage. By handling the plow skilfully 
along the contour lines, the peasant 
succeeded in building up low terraces, 
which, in time, were fastened by hedges 
or stones. The arrangement of property 
plots along isohypses anticipated, in ef¬ 
fect, modern scientific contour farming. 
Some of these terraces are supposed to 
date back to the Bronze Age. Contour 
plowing and strip cropping (promoted 
by the structure of property division on 
the Flur) are common and old tradi¬ 
tional features of the peasant land¬ 
scape. Furthermore, by plowing the 
furrows together, the peasant could 
build up ridged fields (“ridge and fur¬ 
row” [Hochdeker]) where low, damp 
ground made drainage advisable. 

Certain conservational and reclama¬ 
tion practices are of long standing and 
may account for the absence of serious 
features of soil erosion. But it has not 
been avoided altogether. In fact, archi¬ 
val evidence (Jager, 1951), as well as 
field evidence (e.g., Hempel, 1954a, 
1954Z?), reveals that soil ero.sion left 
considerable scars locally and at cer¬ 
tain times on the surface. Some of the 
excessive alluvial sediments, which have 
raised the surface, for example, around 
an early medieval church (Griinsfeld- 
hausen) by 3 meters, may correspond 
to soil erosion following new clearings. 
The bases of stone walls in the Koclu'r 
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Valley, running downhill, t'- ^ 

n meter above the cultivale^l fuots 
between. The matter of historic den¬ 
udation due to soil erosion may not 
yet he r(‘acly for quantitative and 
re*giona discussion, for the preservation 
of periglacial soil leatiires has been 
proved over wide an\is. At any rate, 
Ihc^ peasant landscapf' of today may 
again be sn/Tering locally from soil ero¬ 
sion, but, in toto, it is blissfully absent 
in comparison with other parts of 
Europe or overseas areas of plow and 
hoe agrieiilture. How much this is due 
to careful action by the peasants is not 
known quantitatively, though it is 
known tliat jieasant folkways call for 
recov('ry of soil when washed downhill 
by rain, and the peasants in the steep, 
tc'rracf'd vineyards carry the; soil up the 
slopes in baskets on their backs even 
today. 

I'lic^ permanently cleared fields, per¬ 
haps improved by ridging or slope-ter¬ 
racing, made for stability in the spatial 
arrangement of the landscape and tend¬ 
ed to fix fields and settlements to the 
spot. It is not yet well known what im¬ 
portance forms of slash-and-burn agri¬ 
culture, perhaps with shifting of fields 
and villages, had in prehistoric agricul¬ 
ture. Where we find such methods of 
forest-field rotation with burning (Hau- 
Bcrf^wirtschaft), as in Siegerland, in the 
Moselle area (Schmithrisen, 1934), or 
in ]xuts of the Black Forest or of Bay- 
rischen \\'ald, evidence points to devel¬ 
opment in medieval times rather than 
to presei\ation from prehistoric timcis. 


The Role of the Pasture 

Pastures and meadows were impor¬ 
tant special areas that served to main¬ 
tain the staplf' types of land utilization 
supplenicmtary to or alternatively to 
crop production. 

The jDasture in historic peasant agri¬ 
culture has changed through time from 
piiniarily natural pasture (woodland, 
degenerah'd woodland with grass and 
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tiTid shrubbery, heath, ^^Hutungen') to pre- 
‘ in dominantly artificial pasture (perma 
nenf or alternating with Geld use, Feld- 
graswirtschaft, Koppelwirtschcft ), 
From pastures held in common (All- 
mende, Marktingen), the trend was to 
pastures as individual property. The 
pasture added to the plowed field a unit 
of land utilization highly adaptable to 
varying natural, economic, and social 
situations. Like fallowing, it helped to 
maintain peasant agriculture when field 
crops were restricted or had failed. 
Shifting emphasis on plant and livestock 
production made possible the triumph 
of plow agriculture. 

It has been increasingly apparent that 
utilization of forests for pasturing pro¬ 
moted and guided the early penetration 
of forested Central Europe (Nietsch, 
1939). Contrary to earlier concepts 
that the forest was inimical to the primi¬ 
tive Neolithic settler, it is now held that 
certain types of forest (notably more 
open, mixed, deciduous types, bearing 
fruit and suitable Tor fattening swine) 
had been indispensable. The rough, 
high-mountain uplands were opened 
for pasture in medieval times. In the 
poor heath countries of northwestern 
Germany a wide circle of semi-wildland 
pasture spread around the small, oldest 
permanent fields (Esche), which were 
fertilized by heath-bedding enriched 
by the manure from winter stables.® In¬ 
field and outfiedd systems were de¬ 
veloped in the varied forms of field 
grass, where crops alternated with 
grassland. Maritime areas, not well 
suited to grain production, were de¬ 
veloped highly by means of intensive 
pasturing. It is beyond our purpose to 
discuss the relationship of pasturing to 
changing economic conditions. The 
meadow as the land for hay production 


6. Eschland was manured with Plaggen, 
i.e., clumps of heath that had been used as 
bedding in sheep stables. A special soil type 
resulted, the Tlaggenhoden (Niemeier and 
Taschenmacher, 1939). 
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opened the low-lyin damp bottoms 
along the brooks anc rivers and thus 
added a new ecologic type to the system 
of land utilization in the plow economy. 

Combined System of Plant 

Production and Animal 

Husbandry 

The alternation of cropland and fal¬ 
low, pasture and meadow, spatially in 
adaptation to ecological or economic 
situations or rotationally in varying pro¬ 
portions and time sequences, giv^es a 
high degree? of flexibility to plow agri¬ 
culture as practiced by C(?ntral Euro¬ 
pean peasantry. This, in turn, leads to a 
wide range of regional variations in 
peasant life and e?conomy. 

The value of hoe and planting-stick 
agriculture rests with tlu? care devoted 
to the individual plant and the possibil¬ 
ity of raising many varieties in combi¬ 
nation on one plot (see Sauer, p. 57). 
The achievements of plow agriculture 
come with intricate systems of land 
utilization, combinations, and rotational 
systems of plant production and animal 
husbandry. Several mixed plants on one 
field arc not unknown ( mixed grains for 
fodder), though this is the exception. 
The deductive schemes of von Thiinen 
(Figs. 76a and 76h) and Aercboe (Fig. 
77) serve as examples of the flexibility 
of plow agriculture in relation to chang¬ 
ing market and climatic conditions.'^ 

Equally important was the internal 
improvement of production based upon 
the plant-animal combination. The ani¬ 
mals furnished manure to fertilize the 
fields as soon as stables for animals in¬ 
creased in importance. As the manure 
pile proverbially is a matter of pride to 
the good peasant, it also was the main¬ 
stay of traditional plow agriculture in 
Central Europe.® 

The extension of fields at the expense 
of common pasture land and the closing 

7. Cf. Brinkmann, 1913; Beschorner, 1923; 
Waibel, 1933; Krzymowski, 1914; Otremba, 
1953; Muller-Wille, 1936, 1938fl, 1941, 1952, 
1955. 
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of the forests for pasturing promoted 
the stabling of the animals. It is ex- 
tremtfly important that the ncctssily 
to turn attention to forage crops to make 
up for loss of open-air pasture proved 
beneficial for field crops as well. The 
incre'asc of hoe and forage crops, nota¬ 
bly leguminous plants, led to new, im¬ 
proved rotations (e.g., the '‘Norfolk” 
system). “Green manuring” appeared 
as a practice that steadily improved up 
to present times. Such improved field 
practices seem to have originated first 
in Flanders and the lower Rhine area, 
as well as in Italy. Attempts at scien¬ 
tific field rotation aspire? to proper alter¬ 
nation of crops with regard to both 
high economic yield and maintenance 
of soil fertility. The introduction of arti¬ 
ficial fertilizers has somewhat lessened 
the emphasis on manuring. Today, ad¬ 
visers advocate bringing cattle out into 
the open air. New paddocks (Koppeln), 
sometimes held in common, make their 
appearance around settlements or outci 
fringes of fields. 

It is not our aim to exhaust the lore 
of land management and field practices. 
Our endeavor has been to outline some 
characteristic qualities of plow agricul¬ 
ture as developed among Central Euro¬ 
pean peasantry and to point out its 
high degree of flexibility and adaptabil¬ 
ity that may account for its surprising 
stability. How such agricultural systems 
have been realized within the social 
patterns of the peasant landscape re¬ 
mains to be outlined. 

STRUCTURE OF THE PEASANT 
ECONOMIC LANDSCAPE 

Two basic factors determine the 
structure of the peasant economic land- 

8. The development of manuring practices 
and intensity is ^vorth studying. In the eight¬ 
eenth century many regions in Europe did not 
practice manuring in a satisfactory way. The 
early great agricultural scientists of the eight¬ 
eenth and nineteenth centuries greatly helped 
to bring the lore of manuring to perfection and 
to spread knowledge of its use gradually over 
the countryside. 
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scape*; {!) thi^ individuaJ lutnily hold¬ 
ing’ is the sinnllest unit nnd (2) many 
such holdings unite to form n com¬ 
munity witJiin iin art’iJ. 

TJtc Familtj Ihddhigs 

TJio lionu* oi tijc pt*asanl family anti 
the center of activity is the Bauernhaus 
or, in its larma' and functionally com¬ 
pound form, the Bauernhof. The con¬ 


struction of the house and the layout of 
the farm (Hof) determine more than 
anything else the regional aspect of the 
settlements. The distribution of such 
liouse forms is frequently independent 
of settlement pa thorns.® 

9. For various explanations of development 
of the structure of the peasant economic land¬ 
scape see Pessler, 1907—8; Schier, 1932; Schilli, 
1953; and Ellcnberg, 1937, 1941. 




Fig. 76.—Arrangement of agricultural systems based upon the plow. (After von Thiinen, 1826; 
the scale in kilometers has been added by Waibel, 1933.) a, the rings of an isolated state; 
b, the above as modified by a navigable river. 
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The historic term for the peasant 
holding belonging to the Bauernhaus or 
Bauernhof is the The Hufe 

(Lat.: mansus), as the basis of exist¬ 
ence, combined individual property 
{Sondcrcigcntum) with rights of usu¬ 
fruct in common holdings and social 
standing. All attempts to discover stand¬ 


ard quantitative measures have come to 
naught, for the size of the Hufe varied 
in time and region. The Hufe is the 
peculiar form by which the principle of 

10. Hufe (Lat.: mansiti,; Got.: hova. Kobo, 
huoba, etc.) denotes in most general meaning 
the basis for peasant existence, i.e., land and 
all material and juridical belongings. Hufe was 



3. Woodland and slash and burn two-field system 



5. Simple three-field system 


Fallow 

Winter rye 

Oats and 
Barley 

Pasture 

Meadow 

Forest 


6. Improved three-field system I 



Rye and 

Oats and 




Forage 

Wheat 

Barley 

Pasture 

Meadow 

Forest 


7. Improved three-field system II 


V 2 Root crops 

1/2 Oats 

V 2 Rye 



V 2 Clover 

1/2 Wheat 

V 2 Barley 

Pasture 

Meadow 


Fig. 77.—Influence of climate on types of land utilization and field systems, (After Aereboe, 
1920.) 
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individual property into 

co-operative conuniiual iif.’ 0 : 0 . .>e\onci 
this, into tlu' whole lu aiedieva 

social pattern. T})e Heir :u r.npassed 
Hof Gelds and purlicipat^on :ui use oi 
the common lands, dhe on^iii 
Hu/e dates back t.- 'la beaes of first 
occupation, which oi curred by families 
and in groups. It rcniained the accepted 
practice of land idlrtn, rnf and rural so¬ 
cial unit at th<', time of d('veloping mecli- 
evai social and political order. The 

process oi forest cl curing and coloni¬ 
zation in the cast proceeded by assign¬ 
ing Jltifcfi. XJic^ Jater ('oJoniai Ilnfen 
have a recognizable basis of measure: 
the '"Konigshufen* included more than 
40 hectares; the Franconian “Iwha*' of 
free peasants, 24 hectares; the Flemish 
Hufc, 16.8 hectares, while in the west 
the Hufe usually did not contain more 
than 10-12 hectares. 

Th(' Hufe was held together and per¬ 
severed where the right of undivided 
inheritance (AnerhcnrecJite) prevailed, 
and the early social order of the coun¬ 
tryside remained intact. This has been 
the case in most of northern and north¬ 
eastern Germany (Figs. 74, p. 248, and 
78). The west and south divided early. 

77ie Commuiml Holdings 

The Hufc cannot be well understood 
without reference to the free-mark asso¬ 
ciations ( Marken in lower Germany 
and Allmcmirn in upper Germany). 
These were grounds occupied by the 
communities but not yet subdivided 
into private property. Such communal 
holdings occurred in the village as well 
as on the outer fringes toward the 

the constituent element of the medieval agrar¬ 
ian social structure and remained so well into 
the niodem age. In late medieval times the 
term * Hufe’* included the peasant’s total be¬ 
longings in land, buildings, and all rights of 
usufruct. The Hufe in Carolingian time was 
the basis for the allotment of public revenue 
and the basis of the military organization. Hufe 
also was the unit within the manorial system, 
the basis for all burdens, tithes, work, etc. 
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grcai woods. Around the administra 
Hon of the Marken and Allmendcn de¬ 
veloped a good deal of pe?Sint self- 
government and jurisdiction. The rights 
and terms of utilization were deter¬ 
mined hv i^easant regulations concern¬ 
ing pasture, wood and timber supply, 
gathering of litter for stable-bedding, 
i)ee pastures, hunting, etc. The Marken 
served as the reserve land out of which 
individuals might reclaim new land for 
settling (Bifdngc) or found whole new 
villages . With decreasing areas of for¬ 
est, however, the remaining Markungen 
Ijccarne the area of conflict between 
territorial overlords and those desiring 
to enter the remaining reserve lands. 

But it must be admitted that closing 
the forests had a beneficial effect upon 
their preservation. Riehl (1854, p. 26) 
called the forests the "aristocratic fea¬ 
tures” in the Central European land- 
sc a^De, the living "medieval relics.” Like 
most of the other rural institutions, the 
Marken and Allmenden demonstrate the 
interrelationship of individualism, co¬ 
operation, and dependence within the 
rural sphere, for they prevented the 
despoliation of the landscape for ruth¬ 
less, egoistic purposes. The economy of 
the peasant was imbedded into super¬ 
imposed structures of a social whole 
comprising his equals as well as those 
of superior rank and rights, who, in 
many ways, took the place of a later 
public authority. The individual was 
counterbalanced by the group. The en¬ 
suing pattern of land utilization ac¬ 
cording to distribution of its elements— 
fields, roads, pastures, meadows, wood¬ 
land, etc.—could not have developed 
merely in response to private initiative 
as exerted within surveyed property but 
was dependent upon the whole com¬ 
munity structure and its place in the 
landscape. This preserved the open¬ 
ness, the common accessibility of the 
German peasant landscape, and its con¬ 
struction by larger than individual pat¬ 
terns, which still make it possible to 





Fig. TS.—Types of legal inheritance in Central Europe, Anerhenrechte and Realerbteilung. 
(After Huppertz, 1935.) 
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ramble over Helds and forests without 
being constantly impeded by fencing 
and danger of trespassing. 

Regional Variety in Settlement 

Patterns 

Haus or Hof, Hufc, aTul AUrnende or 
Markungen fitted into patterns of settle¬ 
ment that comprist'd tlie forms of the 
villages, hamlets, etc., as well as the 
pertaining Fhircn (Table 1). 


ment of private property and the distri¬ 
bution of the kinds of cultivation (Kul- 
turarten). Fields, meadows, woodland, 
etc., were carved out of the whole of 
the ecological complex appropriated 
during the land seizure (Landnahme) 
of the group or—in later times—assigned 
to a group by the colonizing authorities. 
The major units of land utilization 
therefore followed as nature suggested: 
the ineadowland along the brooks; the 


tablp: 1* 

S( K t)KI>KK or Sirrri.KMKN'I' an d t/ur J*ATTKK.SS 



I. SrriT 

.KMKNT P.ATI'KUNS 

Niiinlu'r of Houses 

1 

1. s 

Irregular 

Withoul fv)rmal 
order 

Kegular 

With rational 
order 

Single farmstead 
(Nhizrlhof) 

I.iiie villages 
l-'orest village's 

Marsh villages 

Ilamict 

{Wi’Ucr) 

{DruhbcD 

Small villages 
with greens 
(Rimdling) 


IT. /-Vur Pattkun's 

Irregular 

Without formal | 
order 

Hegiilar 

With rational 
order 

('ompaet, eontigu- 
ous pattern 
(Gincitfflur) 

Ilu/d-. 

Marsh-, 

tlufcnfJvr 

Aggregate of 
l>h>eks 

{lilo'kgrnif'n- 

gefiur) 




OK (no fixed 
upper limit) 


SnudI vill;i#;e L{ir#?o closed village 
(Oorf) {ilauft TidorJ) 

('olonial villages 
f Sfrnitsi'tKlorf) 
{Angerdorf, ele.) 


Aggregate of strips 
(NVrf-7 fryigrmt ngrfliir) 


Grirnnnjhm n 


* S(njr<v: U M l,'. 


Older concepts have correlated set¬ 
tlement patterns with ethnic or tribal 
distributions in the time of early settle¬ 
ment (Mcitzt'ii, 1SS2). While Meitzen 
saw old primary differentiations, it is 
now agit'C'd that changes in subsequent 
economic- and social history are of far 
greater importance.” 

The historical order of the Central 
European FJnr determined the arrange- 

11. Steinbach, 1927, 1937; Homberg, 1935; 
Mortensen, 1915, 1946—47, 1955; and many 
other.s. 


fields to the drier, easily plowable soils; 
the woodlands to the steeper parts of 
the terrain or to the farther fringes of 
the communal area. The pattern of dis¬ 
tribution of individual property was 
subordinated to such larger groupings. 

Tlie pattern on the plowable land is 
of greatest interest. In northwestern 
Germany we find small, ecologically 
conditioned localities that rise slightly 
above the ground. These were used as 
the oldest plots of plowable land and 
have apparently determined the loca- 
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tiori of settl(*ments since prehistoric 
times (Niemcicr, 1938, 1944a, 1944h). 
They were called *^Escli' and were 
owned only by peasants in possession 
of the full rights of their estate. These 
fully righted peasants (Erhcn) joined 
for working the Esch into so-called 
"^Eschgenosscnschajienf* from which 
the social substratum was excluded. In 
its most extreme form, the Esch was 


During earlier medieval times ju w set¬ 
tlements of fully righted peasants de¬ 
veloped on either single farmsteads 
(EinzeUuife) or in small, loosely tex¬ 
tured groupings (Druhhels), Later, 
those cottagers (Kotfer) without the 
full rights of the peasant were furnished 
plots from the Markungen. Suitable^ 
land also was individually appropriated 
in blocklike fashion, as the so-called 



Fig. 79.—The economic utilization of a Flur in the Odcnwald. (After F. Tichy, 1954; part of 
unpublished field map.) 

A seven-field system is practiced in a common rotation, jDroceeding in seven Zeigen: I—VII. 
Crops rotate in sequence from one to seven. Lands not in seven-year rotation are newly cleared 
and managed independently. 


managed in a one-field system, which, 
year after year, served for the produc¬ 
tion of rye (Miiller-Wille, 1939, 1942, 
1944a, 1944h). This Esch pattern was 
surrounded by extensive areas of low- 
lying lands, heath, or bogs ( Mar¬ 
kungen), where pasturing was the nor¬ 
mal activity (Fig. 79). In the outfield 
small plots for minor crops might alter¬ 
nate with long years of heath or bogs. 
Burning was practiced on the bogs be¬ 
fore the land was put under cultivation. 


"Kdmpe/^ in which the upper and lower 
strata of the society participated. In the 
eighteenth and nineteenth centuries the 
Markungen were divided as a result of 
an era of reform. 

The arrangement differed in south¬ 
ern and western Germany. In the older 
settled areas—the basins, the loesslands, 
or corresponding landscapes—the closed 
village (Haufendorf) prevailed. The 
area of the fields increased early at the 
expense of the outer circle of woodland 
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area (Alhncnclc) by additions of plots 
of land called "Gcwatnic."' In the lully 
developed arraugeirioiit the Oewanne 
determined tlie distribution of the 
single, small strips into which individual 
peasant holdings were subdivided. 
These small strips of the Hufe appeared 
parceled out over tlie entire plowed 
area and also over the meadowland, 
giving rise to the famous, frequently 
described "Cewannflnr" (like virgates 
in the English open-field pattern). Few 
lanes branch oflE from the village and 
run out into the field grouped into 
Gewanne. It is obviously impossible di¬ 
rectly to reach each single plot. A com¬ 
mon order is necessary to work the 
fields, and this probably appeared along 
with the three-field system. The Ge- 
wanne were grouped into **Zelgen* 
(sometimes called *'Osche” and equiva¬ 
lent to the open-field pattern in Eng¬ 
land), which served as field units for 
summer grain, winter grain, and fallow 
(Fig. 80). The rights of trespassing and 
the dates for plowing, fencing, harvest¬ 
ing, or opening of stubble fields for pas¬ 
turing were subject to common regula¬ 
tion and supervised by village officials, 
lliis is the pattern of community-regu¬ 
lated cultivation (Flurztvang) that pre¬ 
vailed on the fields of many Gewann 
villages well into the nineteenth cen¬ 
tury. Open-field practices ( zelgenge- 
hundene Bewirtschaftung) may still be 
observed in many parts of western Ger¬ 
many (Figs. 81 and 83 [p. 269]). This 
system conditioned the historic complex 
of the peasant landscape in the regions 
of earliest occupation in southern and 
western Germany. 

EVOLUTION OF PEASANT INSTITUTIONS 
AND PEASANT LANDSCAPE 

Full appreciation and understanding 
of Central European peasant institu¬ 
tions and peasant landscape call for 
brief reference to the evolutionary 
stages. Northern Germany preserved 
old patterns, owing to less intensive cul¬ 


tural historic movements and its pecu¬ 
liar social and ecological structure. 
Soutliern Germany underwent a suc¬ 
cession of important changes. The 
catchwords denoting the trends are; in¬ 
crease of population; increase of plowed 
land in distributed individual plots at 
the expense of common land (Alb 
mende ); early, almost universal, spread¬ 
ing of the manorial system ( Grundherr- 
schaft); and surplus grain production. 
The results were crowded villages and 
complicated field patterns (Vergewan- 
ntmg). The earlier, smaller settlements 
grew into the typical large Haufen- 
ddrfer. 

The process of change continued and 
increased in late medieval times with 
the rapid development of urban life. 
Southern and western Germany became 
densely dotted with towns and cities, 
the mere presence of which affected the 
countryside. Market conditions im¬ 
proved, making specialization possible. 
A money economy began to replace the 
former autarchical situation, as well as 
methods of exchange or taxations in 
kind, in the countryside. Numerous 
small towns grew crowded, notably in 
the important wine-growing sections 
and along the routes of trade. These 
were also the areas of earliest agricul¬ 
tural specialization. These changes 
brought city ways to the country-mar¬ 
ket dependence, free mobility of real 
estate, declining conservatism—to create 
in the extreme what Riehl (1869, pp. 
181-216) has aptly called **Bauernland 
mit Biirgerrechtenl* The growth of 
towns and cities also aflFected the settle¬ 
ment pattern of the countryside by at¬ 
tracting labor. Many a village with ac¬ 
companying fields was embodied into 
urban areas, and the peasants became 
burghers, frequently quite willingly, to 
improve their legal status (Staatluft 
macht frei, “town air does away with 
bondage’'), while in the countryside 
(Luft macht eigen, “Country air puts 
into bondage”) bondage often pre- 




Fig. 80.—Field pattern and economic organization of a small, closed hamlet in Lower Bavaria. 
(After Fuchs, in Otremba, 1953.) 

The field is imperfectly distributed among the peasants in relation to contiguity of area. Three 
Zelgen are still recognizable, although frequent exceptions occur along the fringes in connection 
with the field lanes. Hops, being a crop that keeps the ground more permanently^ does not fit into 
three-field rotation. Plots with hops, therefore, are not included in the Zelgen system. All hop 
lands are directly accessible from field lanes. 





































































































262 


Mans Role in Changing the Face of the Earth 

vailed. Ill niiinv fertile* un'ris, notably scarcely stopped iiiitiJ it leacbcd a cli- 
the basins and the Rcirdcu, the* contrac- max at the end of the fouite^enth edi¬ 
tion of smaller groups into huger vil- tury. At Erst the open spaces between 
Jages has repentedlv resulted in the the oldest settlements were filled bv 
formation of larger but structurally new \ illages, distinguishable usually by 
more complex field patteiTis (Flatfor- name suffixes, which sprang up on the 
men). outer fringes of the Markungen. By the 

In the reij^ions (tf luedit'wil f()r(*st end of the Merovingian and through 
clearing and colonizutioiu peasantry dc- Carolingian times, however, such areas 
velopcd under conditions formally and had been Elled, the stream of settlement 
institutionally dilferent. Such movement turned toward the uplands, and the 
had already begun by the final settling period of clearing began. Forest clear- 
after the migration of peoples and ing and settling reached its height in 
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the twelfth to thirteenth centuries. Then 
suddenly the stream dried up, and, 
within a few decades, a reversal took 
place. Many settlements that had been 
founded a generation before were aban¬ 
doned, and the forest recovered ground. 
The reasons for, and quantitative impor¬ 
tance of, this period of sudden deser¬ 
tion of the settlements (Wustungen) 
are even yet not fully understood (cf. 
Darby, pp. 198 - 99 ).^2 

Because of differences in time and 
geographical habitat, these later peas¬ 
ant settlements began under differing 
circumstances; their divergence wid¬ 
ened with further evolution. The tilling 
of the settled land had begun under the 
changed historical milieu of the Mero¬ 
vingian and Carolingian world. In the 
Germania Romana, in what was later 
eastern France including the Basin of 
Paris, a process of culture contact had 
brought important amalgamations of 
Nordic Germanic and Mediterranean 
culture inheritance. The birth of the 
medieval Grundherrschaft and intense 
political and jurisdictional reorganiza¬ 
tion took place at that time. The free, 
open spaces had disappeared, having 
been either settled or taken over by 
legal claims of the king and the lords 
of the Grundherrschaften. Squatting 
did not entirely vanish, but the typical 
forest clearing was done upon ground 
pertaining to the king's domain or to 
some big Grundherrschaft, The forms 
that developed differed as well, as may 
be taken from Figures 82 and 83 (p. 
269). Most important was the develop¬ 
ment of formally regulated patterns. 

In the Black Forest, in the Oden- 
wald, in the eastern Mittelgebirge, as 
well as in the forests of the northern 
lowlands, forest-line villages ( Wald- 
hufendorfer) appeared. Each settler re- 

12. Recently there has been a revival of in¬ 
terest by geographers and agricultural histo¬ 
rians. Field research (by Mortensen, Scharlau, 
Jager, and others), as well as work in archives 
(by Jager) and on the complex of economic 
history (by Abel), is in progress. 


ceived a Hufe in an elongated strip 
running from the valley bottom to the 
top of the ridge. This pattern combined 
important features of single farmstead 
settlement with village community co¬ 
herence. 

Distance from the old regions of a 
few kilometers meant a great deal in 
later evolution. Such new forest lands 
were cherished ground for ambitious 
aristocracy to carve out territory by 
settling. The interlacing of manorial 
holdings and jurisdictional rights with¬ 
in one village were less than in the old 
areas. Under stronger manorial influ¬ 
ence, the Hof structure remained more 
intact. Some of the parts of the central 
Black Forest are still today an island 
of undivided inherited right (Anerben- 
recht, Hoferecht) within the southwest¬ 
ern realm of equally divided inherit¬ 
ance rights (Realerbteilung), The in¬ 
fluence of the new town integration 
into the former rural pattern of the old 
land was less felt. Market relations were 
impeded by distance and terrain. The 
higher altitude prevented the growing 
of grail I, with its accompanying three- 
field system and subdivision (Verge- 
treidung). Rotation of grassland alter¬ 
nating with plowed land (Feldgras- 
wirtschaft) and emphasis on livestock 
determined the agricultural system. 
Work in the forests or mines and on 
handicrafts (textiles, glassmaking, me¬ 
chanical crafts ) supplemented life when 
the soil and climate failed to support 
the population. Though late in origin, 
the peasantry of the forest clearing was 
the preserver of folklore, costumes, and 
old-fashioned peasant qualities and 
habits. Such regions have proved very 
attractive for tourism as well as for au¬ 
thors of peasant novels. 

The neat regional juxtaposition to 
the older areas is characteristic for 
southern and some parts of central Ger¬ 
many, with its nicely configurated land¬ 
scape, though not so much so in north¬ 
ern Germany. The Saxon territory is 
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very old Volksland, having been occu¬ 
pied centuries earlier, beiore Franks 
and Alemannic tiib(?.s founded their new 
areas following conquest From the Ro¬ 
mans. Aledieval scttlt’nuaits arose in the 
intervening spaces hctwei'ii the old 
Saxon nuefei. The Clrundhcrrschoft ar¬ 
rived later but maintained itself in older 
forms. Urban life was less densely inter¬ 
calated than in the south and west. The 
man time climate allowed emphasis on 
the growing of grain (Vergetreidling) 


only along the inner continental fringes. 
The boundary of the three-field system 
with Gewannflur and Flurzwang fol¬ 
lowed decidedly a climatically and 
edaphically conditioned line to the 
north and northwest, where other sys¬ 
tems with stronger emphasis upon live¬ 
stock and green land were combined 
with the very old Esch type, one-field 
system, or very extensive ways of utiliz¬ 
ing heath and bogs (Miiller-Wille, 
1938fl, 1941; Pfeifer and Schiittler, 



Fig, 82.—Distribution of types of settlement forms in Central Europe. (After Huppertz, 1935.) 

Two major re gions stand out rather clearly: western Germany, settled since the migrations of 
people, and eastern Ckrmany, settled since the medieval colonial movement. Western Germany 
breaks dovm into the loosely grouped, smaller settlements of the northwest; planned patterns 
along the North Sea coastal marshes; irregular, compact patterns in the west and southwest. 
Eastern Germany contains large estates along the coastal regions; compact, planned villages 
farmer inland; planned patterns in the mountain uplands and along reclaimed alluvial bottom 
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1941). Only in certain areas did Hagen- 
hufendorfer develop, practically identi¬ 
cal vv^ith forest-Hne villages ( Wald- 
hufendorfer); they also were allocated 
upon manorial territory. 

The zone of North Sea marshes, with 
Frisian and Saxon population, produced 
many forms of settlement. Reclamation 
and diking occurred during the phase 
of medieval colonization. It was 
brought to the eastern section by skil¬ 
ful people from Flanders and the Low 
Countries (a.d. 1106, near Bremen), 
along with a marsh village (Marsch- 
hufendorf) resembling closely the 
Waldhufendorf, The isolated marshes 
for a long time sustained a high degree 
of peasant independence. Proximity to 
the sea early brought commerce to the 
countryside; Frisian traders were among 
the earliest reported. Sheep-raising sug¬ 
gested early wool trade. Later, coastal 
shipping brought contact with the rising 
markets in the crowded Western coun¬ 
tries. Grain, butter, and meat were ex¬ 
ported by peasants who were shipown¬ 
ers as well. This type of economy fos¬ 
tered a lively spirit of trade and com¬ 
merce among the people. The very even 
qualities of the soil suggested its com¬ 
mercial use as well. Quite in contrast to 
the upland {Geest), equally divided in¬ 
heritance {Realerbteilung) is found to¬ 
day in many parts of the marshes. 

A third region of peasant develop¬ 
ment is the east. Bavarian peasantry 
settled in the Tirols, Carinthia, and 
Styria and laid the foundations for the 
Austrian march between the eighth and 
tenth centuries. The great period of 
eastern colonization began in the tenth 
century, when the area east of the Elbe 
was added to the old German Volksland 
in the Old German Empire (Altreich). 
It was a mass movement of people into 
new lands contiguous to the homeland, 
in which peasants and nobility from 
most of the older sections participated. 
Warlike and peaceful diplomatic rela¬ 
tions with the Slavs opened the way for 


the settlers, who were guided and di¬ 
rected by the nobility. "‘Locatorcs" 
spotted the places for new settlements 
and recruited people from back Iioivk'. 
Not until the settling of the American 
continent was there a peasant move¬ 
ment of similar proportions. 

The patterns of settlement were truly 
colonial. They were derived from tradi¬ 
tional forms ill the west but were ad¬ 
justed to practices and experiences in 
the new environment. The unit of allot¬ 
ment remained the Htife, but in its later 
concept aj" a measurable quantity of in¬ 
dividual property. Locatorcs, function¬ 
aries of lower jurisdiction, and nobility 
received larger allotments (from 2 to 4 
Hu fen). The closed form of village set¬ 
tlement furnished the normal standard. 
The Hofe were regularly arranged on 
both sides of rectangular or almond- 
shaped "greens” (Fig. 81, p. 262). Spe¬ 
cial types were the Rumllinge and the 
Wald- or HagenliufencUirfer. 

The Flur was normally laid out in 
the three-field system, which was the 
leading field system of the time. The 
Ilufcn property was subdivided in a 
few long strips, in numbers accordant 
with the larger subdivisions of the Flur. 
In a generalized way it may be said that 
the Getvanne and Zelgcn coincided 
here more closely than in the west (Fig. 
81, p. 262). The allotment of Markun- 
gen and Allmenden was insignificant in 
comparison with the old land. 

The relations of colonial settlement 
patterns lately have been carefully in¬ 
vestigated with regard to ethnical, eco¬ 
logical, and economic facts (Krenzlin, 
1952). The variety is greater than is 
usually supposed, and—as in the west— 
the factors of change and succeeding 
development had greater importance. 
Chanpng field systems had consider¬ 
able influence on the further evolution 
of the Flur. The east attracted the west¬ 
ern peasants, not only in their quest for 
new soil, but also because it offered im¬ 
proved social conditions. Rights were 
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improved, and the drive io new social 

conditions suggests conipinson with the 
American West. Terms oi tenantry 
were hetti'r defined, and the manorial 
burdens were less. 7 be political aspect 
was decidedly of larger scale. The 
Cirun(/ln'rrs('li(if fen also were closed, 
compac't holdings, in which manorial 
and jurisdictional rights could be more 
efficiently applied. 

The truly colonial character of the 
movement subsided when the stream of 
peasants from the west dwindled by the 
fourteentli century. The great period of 
desertion (Wiisfitrigen) touched the 
east as well. Wars and epidemics (the 
Black Death) decimated the popula¬ 
tion; even re-rnigration to the west may 
have taken place, at least locally. The 
nobility felt the loss of income when 
Hufen lay deserted. A good deal of for¬ 
mer peasant land changed over into the 
hands of aristocracy as abandoned 
homes (Heimfall), Thus began a tend¬ 
ency to larger agricultural enterprises 
among the nobility, a factor of greatest 
importance for the peasantry in the 
east. 

By the fifteenth and sixteenth cen¬ 
turies, with the growing markets in 
Western Europe and the development 
of shipping from the Han.seatic cities 
along the Baltic coast, a real opportunity 
opened for large-scale grain produc¬ 
tion. A similar market development in 
England also greatly influenced the 
countryside there. Nobility began ac¬ 
tively to enlarge the land around the 
court. Hufen without heirs reverted to 
the Qrundhrrrschaft; epidemics, feuds, 
and wars l-elped to reclaim peasant 
land; and obstinate peasants were 
evicted. But, contrary to similar actions 
by the English nobility, who went in 
for grazing, the eastern German barons 
turned to grain-growing; they needed 
the hands and consequently bound the 
evicted peasants to the ground as serfs 
to secure the necessary labor force. The 
large estate ( demesne ) enterprises 


(Gutswirtschaft) on latifundias were 
born and were followed by systems of 
bondage (Leibeigenschaft) and serf¬ 
dom under jurisdictional authority of 
the feudal overlord { Gut suntertdrUg- 
keit). It was the abuse of medieval 
manorial rights, which included also 
jurisdictional rights, that in time made 
conditions so vicious. While peasant vil¬ 
lages degenerated until only little ham¬ 
lets (Gutsweiler) remained, estates and 
subsidiary farms (Gutshof and Vor- 
tverke) for outlying fields grew. 

The fate of the peasantry largely de¬ 
pended upon the relations between no¬ 
bility and Landesherrschaft. The strong¬ 
er monarchies, like Prussia, earlier had 
tendencies to protect the peasant 
against the inroads of nobility (in Prus¬ 
sia, edict of 1709). But in Mecklenburg 
and Swedish Pomerania, which were 
strongly dominated by aristocracy, the 
process of peasant eviction (Bauern- 
legen) had greatest consequences. By 
the end of the eighteenth century, near¬ 
ly two-thirds of the whole country was 
in latifundia. 

Tragically enough, the so-called **re- 
form movements’' of the eighteenth and 
nineteenth centuries brought the great¬ 
est amount of peasant land into the 
hands of the nobility. In Prussia, peas¬ 
ants enjoyed a certain protection after 
1709, and the domainal peasants were 
free. By the famous edict promulgated 
by the Freiherrn von Stein in 1807 all 
peasants were made free, and heredi¬ 
tary serfdom (Erbuntertdnigkeit) was 
abolished. In 1811 all material and per¬ 
sonal obligations of the peasants were 
theoretically removed. But, during 
1808-10, the application of proclama¬ 
tions for reforms had largely canceled 
the earlier intentions. The large owners 
received emoluments for the liberation 
of their peasants amounting to one-third 
of the peasant land and, in some cases, 
even one-half. In this way, the nobility 
received 1,200,000 hectares in Prussia. 

The old order had given a certain 
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protection, in a patriarchal way, for 
weak peasants. Such was no longer the 
case; consequently, many, if not most, 
of the smaller people were forced off 
the land or degenerated into landless 
day workers (Tagcldhncr) near the 
lowest minimum of existence. The situa¬ 
tion was most extreme in Mecklenburg. 
Leibaigenschaft was lifted here in 1820, 
but, with it, all rights of the people on 
the land. Nobility acquired, consequent¬ 
ly, as much as 80—90 per cent of the 
total area (Fig. 74, p. 248). By the time 
the revolutionary movements of the 
middle of the nineteenth century stimu¬ 
lated legislation to improve conditions, 
it was too late. Industry attracted the 
poorer rural population and offered 
new occupations, and the large estates 
began to feel the scarcity of hands. The 
way out—to import Polish harvesters 
(polnische Schnitter)—did not improve 
social conditions in the countryside. 
Protective tariffs helped maintain this 
unhappy structure until the end of 
World War II. 

The revolutionary change in eastern 
German land reform after 1945 may be 
gathered from a few figures (Abel, 1951, 
p. 178) on changes in property struc¬ 
ture in the eastern German Democratic 
Republic (1939, 1946) as compared to 
West Germany ( 1949). In size of hold¬ 
ings the east has become similar to the 
west, as the accompanying tabulation 

West 



East G 

ERMANY 

Germany 


(Per 

Cent) 

( Per Cent ) 

Hectares 

1939 

1946 

1949 

0-5 

9.1 

9.7 

20.5 

5-20. 

31.7 

53.4 

43.6 

20-50 

22.5 

24.0 

23.4 

50-100 

8.4 

7.7 

6.3 

100 and over 

. 28.3 

5.2 

5.8 


shows, but the unfortunate circum¬ 
stances of the reform and the continuing 
pressure with “plans” and productive 
quotas (Soils) has not allowed the 
growth of happy conditions. 

But such conditions did not charac¬ 


terize the whole east until 1945. Healthy 
peasant structures had survived in many 
parts of eastern Prussia (notably within 
the old diocese Ermeland), Pomerania 
(back from the coast), Brandenburg 
(notably the lands reclaimed by Fred¬ 
erick the Great along the Oder and 
Warta), Silesia (outside the truly lati- 
fundia sections), and Saxony. In the 
east the right of undivided inheritance 
(Anerhenrecht) predominated, and the 
property structure was better preserved. 
Parcellement never attained such vi¬ 
cious consequences as in the southwest. 
The influence of the towns on the 
countryside was less than in the west. 
In fact, many small towns had a strong 
rustic flavor. Eastern peasantry retained 
a more truly traditional, rural character. 
If there is a peasantry in the world in 
which something of the pioneer quali¬ 
ties of the nineteenth century is still 
alive, it is in the eastern peasantry. 

CONCLUSIONS 

The problems of peasantry have 
been only touched upon but by no 
means covered. What I have en- 
deavort'd to demonstrate is that peas¬ 
antry in Central Europe developed in 
time and differentiated itself in area. 
Changing historic situations have left 
stratifications which vary from region 
to region. Peasantry is old as an estate 
(Stand) , but many of its institutions are 
of recent origin. It is necessary to dis¬ 
criminate carefully between conditions 
that are truly old and those that have 
evolved during a long, sometimes com¬ 
plicated, history. 

There remains to add a few remarks 
about some of the historical develop¬ 
ments which I have not been able to 
cover. The great crisis in medieval de¬ 
velopment is the period of abandon¬ 
ment of villages (Wiistungen), which 
led to a settlement structure which was 
the basis for developments in the new 
era after 1500. The importance of this 
period with regard to the distribution 
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()l open laud and forests has been evalu¬ 
ated in the 'Xlottinger SchuW (Morten- 
sen, 1951; Seharlan, 19:18, 1943; Jager, 
1951). 

But later forces eoutinuc'd to shape 
the fate of peasantry. In the fifteenth 
and sixteenth eeuturies the modern state 
began to appear; its influences at first 
were frequently resented by the peas¬ 
antry. The supervision of the forests 
was enforced, and the state gradually 
became the great forest proprietor. The 
developing state administration re¬ 
quested numerous innovations in law 
and taxation, which were felt especially 
in the many small territories of the 
southwest, where the personal bondage 
of the newly forming political depend¬ 
encies (C7 ntertdnigkeits-V erhdltnisse ) 
was rather rigid. Here unrest prevailed, 
and finally the peasant wars of 1524-25 
flared up. 

On the other hand, it must be agreed 
that the Landesherren placed a protect¬ 
ing arm over the peasants against in¬ 
roads from the nobility. Rising ideas of 
mercantilism brought new interest in 
the productiveness of the land and in 
an increase of population. The growing 
market economy also affected the coun¬ 
tryside and stimulated the tendency to¬ 
ward specialization. 

The sixteenth century, but even more 
the seventeenth and eighteenth cen¬ 
turies, saw great changes in some sec¬ 
tions with respect to the pattern of set¬ 
tlement. In the Algiiu and somewhat 
later in Sclileswig-Holstein, movements 
began among the peasants, and were 
favored by tlic Landesherren, to sepa¬ 
rate the Allmenden and to establish 
properties, hi the Algiiu and later in 
northern Si hies wig, villages disbanded, 
and single farmsteads replaced the for¬ 
mer agglomerations. 

The reforms affected the whole tra¬ 
ditional way of peasant living and so¬ 
cial order. With the Gemarkungen and 


Alhncmlcn, the old social order of the 
countryside' dwindled. It was no longer 
possible to maintain divisions of social 
rank and right among the rural classes. 
Tlie cM'glitecmth century also saw the 
start of liberation and modernization of 
the peasant society, which, in a way, 
led to a certain atomization. Where, for¬ 
merly, almost iiide^lible material bonds 
had siq^ported the older order, now in¬ 
dividual rights and properties domi- 
natc'd the scene. But the forces of tradi¬ 
tion remained valid in strongly profiled 
areas, such as Lower Saxony. 

The movement of separation or in- 
elosure (Verkoppehmg) spread over 
the greater part of the nineteenth cen¬ 
tury. In Hannover, an order of King 
George HI in 1786 remained without 
much success. Later ordinances fol¬ 
lowed in lower Germany in 1802, 1824— 
25, and 1842. In southern Germany 
there were laws of land rearrangement 
(Fhtrhercinigung) in 1856 and 1862; in 
the Rhineland, not until 1888. But in 
many sections Flurbereinigung has not 
yet made such progress. With the nine¬ 
teenth century, agriculture already was 
a subject for historic retrospective— 
partly for mere scientific interest, part¬ 
ly as the aboriginal image of national 
social character. 

Today peasantry in Germany is again 
confronted with most severe problems. 
The industrialization of Germany has 
definitely diminished the importance of 
agriculture from the state’s point of 
view. Autarchic interests, with a view 
to conditions in time of war, have sup¬ 
ported protective tariff policies that 
gave an artificial climate to peasant 
economy. But the growing discrepan¬ 
cies between rural living conditions and 
urban industrial standards, as well as 
between rural wages and industrial 
wages, have created a latent labor crisis, 
especially felt under boom conditions 
as of today. The grotesque situation has 
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arisen that the importation has been 
planned of seven thousand Italian agri¬ 
cultural workers into southern Germany 
—into areas of the smallest averages 
peasant holdings, where part-time farm¬ 
ing not connected with latifundia but 
with undersized rural property is abun¬ 
dant! 


Living in Central Europe 

during the last few years; it is a sight to 
see the young peasant, with a compan¬ 
ion on the rear seat who may carry a 
scythe, fly up the rough field lanes on a 
motorbike! 

Figure 83 summarizes the most im¬ 
portant facts and portrays the distribu¬ 
tion of the major social regions of peas- 



Fig. 83.—The areal differentiation of peasantry in Central Europe, according to size of holding 
and age of settlement. (After Otremba, 1942.) 


The growing labor scarcity hastens 
the pace of mechanization. But many 
technical problems—let alone those of 
education and knowledge—await solu¬ 
tion before we may say that adaptation 
of the tractor to the small-scale farm 
has been an all-round success. The in¬ 
crease of motorization has been amazing 


antry, period of settling and size of 
property determining the construction 
of the map (Otremba, 1942). We can 
easily recognize the regions repeatedly 
distinguished in this paper: the north¬ 
west, the southwest, and the east be¬ 
yond the line separating old land and 
colonial area. 





























270 


Mans Role in Changing the Face of the Earth 

REFERENCES 


Abel, W. 

1935 Agrarkrisen und Agrarkonjunktur 
in Mitteleuropa vom J3. his zum 19. 
Jahrhundert. Berlin: Paul Parey. 179 

pp. 

] 943 Die Wiistungen des ausgehenden 
Mittelalters: Ein Beitrag zur Sied- 
lungs- und Agrargeschichte Deutsch¬ 
land. (“Quellen und Forschungen 
zur Agrargeschichte,” Band I, ed. 
Franz Gunther and Friedrich 
Lutce. Jena: Gustav Fischer. 165 

pp. 

1951 Agrarpolitik. Gottingen: Vanden- 
boeck & Ruprecht. 419 pp. 

1955 “Schichten und Zonen euro- 
piiischer Agrarverfassung,” Zeitschrift 
fiir Agrargeschichte und Agrarsozio- 
logie. III, No. 1, 1-18. 

Aereboe, Fr. 

1920 Allgeineine landwirtschaftliche 
Betriehslehre. 5th ed. Berlin: Paul 
Parey. 697 pp. 

Anonymous 

1941-55 Berichte zur Deutschen I^n- 
deskunde, Vols. I-XIV. (Zentralarchiv 
fiir Eandeskunde von Deutschland.) 
Ed. Bundesanstalt fur Landeskun- 
(A comprehensive periodical of 
current publications.) 

Beschomer, F. 

1923 *'Zur Geograpnie der haupsach- 
lichsten landwirtschaftlichen Betriebs- 
systeine.” Dissertation, University of 
Bonn. 

Bobek, H. 

1952 Siidicestdeutsche Studien. ("For¬ 
schungen zur deutschen Bundesan¬ 
stalt fiir Landeskunde,” Vol. LXII.) 
Remagen. 67 pp. 

Brinkmann, Th, 

1913 Uber landwirtschaftliche Be- 
triebssysteme,” Fiihlings landwirt¬ 
schaftliche Zeitung, LXII, 184-214. 

Credner, W. . 

1938 “Uber Kartiemng landwirtschaft- 
licher Nutzflachen,” Zeitschrift fur 
Erdkunde, VI, 229-36. 

1943 “Die deiitsche Agrarlandschaft 
™ Sitzungsberichte eu- 

ropdischer Ocographen^ pp. 177-201. 
Leipzig. 


Dorries, H. 

1940 “Siedluiigs- und Bevolkerungs- 
geographie (1908—1938),” Geogra- 
phisches Jahrhuch, LV, No. 1, 3—380. 

Ebert, W. 

1937 “Landliche Siedelformen im 
deutschen Osten,” in Kotzschke, R. 
VON (ed.), Auprage des landesge- 
schichtlichen Instituts. Berlin: E. S. 
Mittler & Sohn. 

Ehemann, K. 

1953 Das Bauernhaus in der 'Wetterau 
und im SW. Vogelsberg. (“Forschung¬ 
en zur deutschen Bundesanstalt fiir 
Landeskunde,” Vol. LXI.) Remagen. 
150 pp. (Contains comprehensive bib¬ 
liography. ) 

Ellenberg, H. 

1937 “Uber bauerliche Wohn- und 
Siedlungsweise in Nordwestdeutsch- 
land in ihrer Beziehung zur Land- 
schaft insbesondere zur Pflanzen- 
decke,” Mitteilungen der floristisch- 
soziologischen Arbeitsgemeinschaft in 
Niedersachsen, No. 3. Hannover. 

1941 “Deutsche Bauernhauslandschaf- 
ten als Ausdruck von Natur, Wirtschaft 
und Volkstum,” Geographische Zeit¬ 
schrift, XLVII, 72-85. 

1954 “Steppenheide und Waldweide,” 
Krdkunde (Archiv fur wissenschaft- 
liche Geographic), VIII, 188—94. 

En(;el, F. 

1934 “Deutsche und slawische Ziige 
in der Dobbertiner Kulturlandschaft.” 
Dissertation, University of Kiel. 

1949 Das Rodungsrecnt der Hagen- 
sicdlungen: Quellen zur Enttvicklungs- 
ueschichte der spdtmittelalterlichen 
Kolon isationsbewegung. ( “Quellen- 
hefte zur Niedersachsischen Ges- 
chichte,” No. 3.) Hildesheim. 

Ernst, V. 

1926 Die Entstehung des deutschen 
Grundeigentums. Stuttgart: W. Kohl- 
hammer. 146 pp. 

Fickeler, P. 

1954 “Das Siegerland als Beispiel wirt- 
schaftsgeschichtlicher und wirtschafts- 
geographischer Harmonic,” Erdkunde 
(Archie fiir wissenschaftliche Geo¬ 
graphic), VIII, 15—51. (Contains il¬ 
lustrations of Haubergwirtschaft.) 



The Quality of Peasant Living in Central Europe 


Firbas, Fr. 

J949 Split- U7id nacheiszeitliche Wald- 
gcschichte Miticleuropas ndrdlich der 
Alpen^ Vol. I: Allgemeine Waldgc- 
schichte. Jena; Gustav Fischer. 480 
pp. (Modem synthesis, balanced ap¬ 
praisal of the controversial views of 
Gradmann and Nietsch in the light 
of postglacial vegetational develop¬ 
ment.) 

Gradmann, R. 

1901 “Das mittcleuropaische Land- 
schaftsbild nach seiner geschichtli- 
chen Entwicklung,” Geographische 
Zeitschrift, VII, Nos. 3-4, 361-77, 
435-47. 

1906 “Beziehungen zwischen Pflanzen- 
gcographie und Siedlungsgcschichte,’" 
ihuL XII, 305-25. 

1924 Das harmonviche Landschafts- 
hild. (Zeitschrift der Gesellschaft fur 
Erdkunde Berlin.) 130 pp. 

1928 “Die Arbeitsweise der Siedlungs- 
geographie in ihrer Anwendung auf 
das Frankenland,” Zeitschrift fiir 
Batjerische Landesgeschichte, I, 316- 
57.' 

1931 Siiddeutschland. 2 vols. Stutt¬ 
gart: J. Engelhorns. 215-1-553 pp. 

1933 “Die Steppenhcide-theorie,” Ge- 
ographische Zeitschrift, XXXIX, No. 
5, 265-78. 

1936 “Vorgeschichtliche I.andwirt- 
schaft und Besiedlung,” ibid., XLII, 
Nos. 9-10, 378-86. 

1942 “Hackbau und Kulturpflanzen,” 
Deutsches Archiv fiir Landes und 
Volksforschung, VI, 107-13. 

1943 “Siedlungsformen als Geschichts- 

quelle und als historisches Problem,” 
Zeitschrift fiir Wiirti embergische 

Landesgeschichte, VII, 25-56. 

Hahn, E. 

1909 Die Entstehung der Pflugkultur. 
Heidelberg: Carl Winter. 192 pp. 

1914 Von der Hacke zum Pflug- (“Wis- 
senschaft und Bildiing,” Vol. CXXVII.) 
Leipzig; Quelle & Meyer. 121 pp. (2d 
ed., 1919.) 

Hanssen, G. 

1861 Die Aufhebung der Leibeigen- 
schaft und die Umgestaltung des 
gutsherrJich-bduerlichen Verhdltnisses 
iiherhaupt in den Herzogtiimern 


271 

Schlesuyig-Holstcin. St. Pclcrsbnrg: 
Eggcrs. 195 pp. 

1875 “Zur Geschichtc der norddeut- 
schen Gutswirtschaft, seit dem Ende 
des 16. Jahrhundert,” Journal fiir 
Landwirtschaft, Gottingen. 

Hartke, W., and Westermann, E. 

1940 “Zur Geographic der Verertaing 
der bauerlichen Liegenschaften in 
Deutschland bis zum Erlass des 
Reichserbhofgesetzes,” Peterrnanns 
geographische Mitteilungen, LXXXVI, 
No. 1, 16-19. 

Hai^srath, H. 

1911 Pflanzengeographische Wandlun- 
gen der Deutschen Landschaft. (“Wis- 
senschaft und Hypothese,” Vol. XIII.) 
Leipzig and Berlin: B. G. Teubner, 
274 pp. 

Heebok, a. 

1925 “Der germanische Ursprung des 
oberdcutschen Bauernhauses,” pp. 
273-92 in Ottenthal Festschrift 
Shlernschriften. fnn.sbruck and Mu¬ 
nich: Wagner. 

1929 “Die Formenlandschaft des 
deutschen Bauernhauses,” Wiirttem- 
her gische Monatschrift. 

1932 “Uber vorzeitliche und heutige 
Haust)q>enlandschaften,” Zeitschrift 
fiir Volkskunde (N.S.), II, 223-34. 
Berlin and Leipzig. 

1937-38 Grundlagen der Volksge- 
schichte Deutschlands und Frank- 
reichs. 2 vols. Berlin: Walter de Gruy- 
ter & Co. 564-|-565 pp. 

1938 Deutsche Siedlung: Wesen, Aus- 
hreifung, Sinn. Halle: Niemeyer. 228 

pp. 

HE\fPEL, L. 

1954a “Beispiele von Bodenerosions- 
karten im niedersachsischen Bergland 
sowie Bemerkungen iiber Beriick- 
sichtigung der Erosionsschaden bei 
der Bodenschatzung,” Neues Archiv 
fiir Niedersachsen, pp. 140-43. 

1954b “Die Entstehung einiger an- 
thropogenbedingter Oberflachenfor- 
men und ihre Ahnlichkeit mit natiir- 
lichen Foimen,” pp. 119-26 in Er- 
gehnisse und Frohleme moderner gco- 
graphischer Forschungen, Hans Mor- 
tensen zu seinem 60. Gehurtstage. 
(“Abhandlungen der Akademfe fiir 
Raumforschung und Landesplanung,” 



Man’s Role in Changing ihe Face of the Earth 


Vol. XXVIll.) Bremen-Honi: W. Doni. 
332 pp. 

Hesse, P. 

1949 Grundprohlcmc dcr Aff,rarverfas~ 
sun^: dar^cstrlt am Bcispicl dcr C.r- 
rncindcti/pcn and Produktionszimen 
ven WUritriiihctfif-Hohenzollern und 
Baden. Stutfouvt: \V. Kohllmniuicr. 
284 pp. 

IIOMBEKC, A. 

1935 Die hntstchung der westdeui- 
schen Flurformcn: Block^enien^flur, 
Streifetiflur, Gctvannflur. With a Fore¬ 
word by Waltiier Vogel. Berlin, 64 

pp. 

193-S Grtindfrngcn dcr dciitscJicn Sied~ 
hnifji^.sfnrsrhiinc. (“V erdffentlichungen 
alls dcni Seminar fiir Staatenkunde 
und histori.sche Geographic an der 
Uniiersitat Berlin,” Vol. VI.) Berlin. 
IIOPPFJITZ, B. 

1939 Bdiimc und Schichten bduer- 
Vchcr Kiilfurfonnen in Deutschland. 
Bonn; L. Kohrseheid. 315 pp. 

111 r j E.\ Loc:nER, F. 

J937 “Zii.sarnmenhangc zwischen land- 
lichen Siedlung.sarten und geschicht- 
lichcn Wirtschaftsweisen iiri siidwest- 
df'utschen Baum,” Xeitschrift fiir 
Landcsff^cschichte, I, 88-121, Wtirt- 
teinberg, 

Jager, H, 

195] Die Entwicklung der Kulturland- 
schaft ini Kreise Hofp^eismar. (“Ciit- 
tingeri geographischc Abhandliingen,” 
No. 8.) Goltingen: Hans Mortensen. 

114 pp. 

Jfsskn, J.^ 

1932 "‘Die Entstchung und Entwick- 
lung der Gutswirtschaft bis zum 
Beginii der Agrarreformen,” Zeit- 
srhrifi dcr Gesellschaft fiir Schles- 
u'i^-IIolsteinische Geschichte, XLI, 

1 206. 

KXrRi.r i:, R. 

1938 “jnnggeschichtliche Veranderun- 
gt'i) (h's Dandschaftsbildcs im mit- 
telsa( lisischen Ldssgebict,” Wissen- 
schdftlichc V erdffentlichungen des 
Drulsrhcn Museums fiir Landerkun- 
de (N.S.), V, 71-91. 

Kn.app, G. F. 

1887 Die Bauembefreiung und der 
Ursprung der Landarbeiter in den 


dllcrcn Teilcn Preussens, Vols. I and 
11. Leipzig: Duncker & Humblot, 352 
4-473 pp. 

Ko'I'ZSChke, B. 

1942 "Die Siedelformen des deut- 
schen Nordosten und Sudosten in 
volks- und sozialgcschichtlicher Be- 
deutung,” Deutsche Ostforschung, I, 
362-90. Leipzig, 

19.53 TMndJiche Siedlung und Agrar- 
icrsen in Sachsen. (“Forschungen zur 
deutscheii Biindcsanstalt fiir Landes- 
kunde,” Vol. LXXVII.) 236 pp. 
Remagen. 

XOTIIE, H. 

1953 "Vbikerkundliches zur Frage der 
neolithischen Anbauformen in Eu- 
ropa,” pp. 28-74 in Kotiie, H., and 
O'lTo, K. II. (eds.), Ethnographisch- 
arrhdologisrhc Forschungen. Berlin: 
Deiitscher W^rlag der Wissenschaften. 

126 pp. 

Krebs, N. 

1937 Atlas des deutschen Lebens- 
raunies in Mitteleuropa. ("Auftrage 
der Preussischen Akadernic der Wis- 
.sen.schaftcn.”) Leipzig: Bibliogra- 
]4nsches Institnt. (Not completed. 
The most detailed set of maps on 
the physical basis and some of the 
related historical and economic facts.) 

Kremzltnt, a. 

1940 "Problemc der neueren nord-ost- 
deiitschen und (^stmitteldeutschen 
Flurformenforschung,” Deutsches Ar~ 
chic fiir Landes- und Volksforschung, 
TV, 547-69. 

19.52 Dorf, Feld und Wirtschaft im 
Gehiet der grossen Taler: und Flatten 
dstlich der Elbe. (“Forschungen zur 
deutschen Landeskunde,” Vol. LXX.) 
Bemagen: Verlag des Amtes fiir 
Lande.skunde. 144 pp. 

KrzVmowski, R. 

1914 Die landwirtschaftlichen Wirt- 
schaftsysteme Ehn.ss Lothringens. 
Gebweiler. 477 pp. 

1951 Geschichte der deutschen Land- 
wirtschaft (his zum Aushruch des 
ztveiten V^eltkrieges 1939) under be- 
sondcrer Berucksichtigung der tech- 
nischen Entwicklung der iMindwirt- 
schaft. 2d ed. Stuttgart: E. Ulmer. 
372 pp. 



The Qualilij of Peasant Living hi Cetitral Eiirotie 273 


kUHN, W. 

A953 liiicken, Tcrrasavn und Boden- 
zcrstdriing itn hoJicn Vogchhcrg. 
(“Khcin-Mainische J^'oischuiigen,” \'ol. 
XXXIX.) 54 pp. 

Kuron, H. 

1911 “Die Bodeiicrosion und ihre Be- 
kairipluijg in Deutschland,” Der Kul- 
iuriechniher, Vol. XLIV. 

I.KISTER, I. 

1952 RittersHz und adligcs Gut hi 
Holstein und Schleswig. (“Schriftcn 
des Ceographisclien Instiluts dor Uni- 
versiliit Kiel,” Vol, XIV, No. 2.) 157 

pp. 

I.6w, K. 

1940 “Ackerterrassen im Vogelsherg,' 
Zciischrift fur Erdkwulc, VIIt, 488- 
90. 

Lutc;k, Fr. 

.1937 Die Agrarverfassung des friihcn 
Miitelcdtcrs in Mitte.ldcutschen Raum, 
vornehrnlich in der Karolinger Zeif. 
Jena: Gustav Fischer. 570 pp. 

1949 Die Bayrischc Grundherrschcift, 
Vntcrsuchungen uher die Agraroer- 
fassung Althayerns im 16-18. ]alir~ 
hundert. Stuttgarl: Piscator Verlag. 
187 pp. 

M\<;eh, P\ 

1937 Etitwicklungsgesrhichlc der Kid- 
turlandschaft des Ilerzogtums Schles- 
toig in hisiorischcr Zcit. 2 vols. Bres¬ 
lau: F. Hirl (Vol. I); Kiel: Verlag 
Heimat & Erde (Vol. II). 

1955 Geschichte des Bauerniurns und 
der Bodenkultur im Landc Mecklen- 
hurg. (*‘Veroffentlichungen der His- 
torischen Komrnission,” Vol. I.) 
Deutsche Akademie der Wi.ssen- 
schaften Berlin: Berlin Akademie 
Verlag. 580 pp. (Mager published 
many books and articles on the his¬ 
torical development of landscapes.) 

Martiny, R. 

1926 Hof und Dorf in Altwestfalen: 
Das westfdlische Streusiedlungspro- 
hlem. ('‘Forschungen zur deiitschen 
Landes- und Volkskunde,” Vol. XXIV, 
No. 5.) 66 pp. 

Mritzen, a. 

1895 Siedlung und Agrartvesen der 
Westgermanen und Ostgermanen, der 
Kelten, Romer, Finnen und Slaven. 

3 vols. and atlas. Berlin: W. Hertz. 


MeymvN', E. (ed.) 

1949 “Bibliographieu und Ilaiidbuch 
cv zur dcLitschcn Landcskundc (1920- 
1945),” Geogrnphische.s Taschenbuch 
{Bcarbeiict ini Amt fiir jMndeskun- 
de), pp. 98-105. 

Morce.n, II., and Sif.vers, A. 

1941 ‘^‘Die naturlichcn Grundlagcn der 
laiidlichen Besitzverfassung,” Bericli- 
tc zur Raumforschiing und Ratimord- 
riung, V, No. 8, 368-77. 

JMortexNsex, H. 

1945 “Beitriige der Ostforsehung zur 
ijordwestdeutschen Siedlungs- und 
Flurlorschung,” Nachrichten der Aka- 
deniie der Wissenschaften in Gottin¬ 
gen, Philosophisch-historische Klasse, 
pp. 12-14. 

1946~47r/ “Fragen der nordvvest- 
deulschen Siedlungs- und Flurfor- 
seliLing im Licht der Ostforsehung,” 
Nachrichten der Akademie der Wis- 
senschaften in Gottingen, Fhiloso- 
phisch-historische Klasse, pp. 37-59. 

1946~47h “Zur Entstchung der 
deutschen Dorfformeri, insbesondere 
des Waldhufendorfes,” Nachrichten 
der Akademie der Wissenschaften in 
Gottingen, Philosophisch-historische 
Klasse, pp. 76-80. 

1951 “Neucrc Beobachtungen iiber 
W’iistungs-Bandfluren und ihre Be- 
deutung fiir die mittelalterliche 
deutsche Kiilturlandschaft,” Berichte 
zur deutschen Landeskunde, X, 341- 
61. 

1955 “Zur Entstchung der Gewann- 
Ilur,” Zciischrift fiir Agrargeschichte 
und Agrarsoziologie, VII, No. 1, 30- 
48. 

Mi'iLLER-Wn.EE, W. 

1936 Die AckerfLuren im Eandesteil 
Birkenfeld und ihre Wandlungen seit 
dem 17. und 18. Jahrhundert. (Bei- 
trage zur Landeskunde der Rhein- 
lande.) 2d ser. Bonn: L. Rohrscheid. 
129 pp. 

1938fl “Der Feldbau in Westfalen im 
19. Jahrhundert,” Westfdlische For- 
schungen** I, No. 3, 302-25. 

1938£? “Der Niederwald im rheinischen 
Schiefergebirge,” ihid., pp. 51-86. 

1939 “Haus- und Gehoftfonmen im 



274 


Man’s Role in Changii 

Mittelcuropn." Ccographischr. Zeit- 
schrift. XLTI, 121-3S. 

1941 “Zu Systeinaiik cUm FcJdsystcnie 
in Norddciitsclihind, '/jCUschrift fur 
Erdkimdr, IX, Nos. 1-2, 40-42. 

1942 "Das rhtdnische Schiclcrgehirge 
und seine kulturg(X)graphische Stel- 
lung: Bes’iedluiig, Sicdellormcn, Ilaus 
und Hofanlagen/’ Dctdschcs Archiv 
fiir Landes- und Volksforschung, VI, 
537-91. 

1944a “Langstreifenflur und Drubbel: 
Ein Beit r a g zur Sicdliingsgcographie 
Westgennaniens,’^ ibid., VIII, 9-44. 

1944/; “Die Hagenhiifenddrfer in 
Sehaumljurg-Lippe,” Feterrnanns ge- 
ographische Mitteilungen, IX, Nos. 9- 
10, 245-47. 

1952 Westfalen: Landschaftliehe Ord~ 
nung und Bindung eines Landes. 
Miinster; Aschendorff. 384 pp. 

1955 “Agraibauerlichc Landschafts- 
typen in Nordwesldcutschland,” 
Deutscher Geographentag, XXTX, 
179 -86. Wiesbaden. 

MuNZiN(a<:n, H. 

1936 “Die Flurbereinigung in Siid- 
deutschland, ihre Ceschichte und ihr 
Stand am 1. Januar. 1935,” Berichte 
iiher Landwirtschaft (N.S.), Vol. 
CXXIII. Berlin. 

NlKIlAUS, H. 

1933 “AgrieuUiiral Conditions and 
Regions in Germany,” Geographical 
Review, XXIII, No. I, 23-47, 

Nif.mf.ikr, G. 

1938<7 “Eschproblenie in Nordwest- 
deutschland und den dstlichen Nie- 
derlanden,” pp. 27-40 in Travaux de 
Jn Si'Cfioii V, Paysage geographique, 
Gojnpfes-rendus du Congrds Interna¬ 
tional de Geographic, Vol. II. Leiden. 

E. Brill. 615 pp. 

1938/7 “Bauerliche Wohnweise in ihrer 
B( zi(4inng zur Landschaft und Volk- 
slnni, Geographische Zeitschrift, 
XLIV. No. 4, 139-46. 

1939 Di<> Altersbestimmung der Plag- 
genlxuUn als kulturgeographisches 
Problrni, Geographische Anzeiger, 
XL, Nos, 9-10, 237-45. 

1944 Gt'w'.innfluren,” Petermanns geo¬ 
graphische Mitteilungen, XC, Nos. 3- 
4 , 57-74. 


llie Face of the Rurtli 

1949 "Fruhformcn der Wiildhufen,' 
ibid., XCIII, 14-27. 

Nieaieieb, G., and Tasciienmacheb, W. 

1939 “Plaggenboden; Beitragc zur 
Genetik und Tvpologie,” WestfdJische 
Forschtmgen, 11, 29-64. 

Niftsch, H. 

1927 “Mitteleuropaiseher Urwald,” 
Zeitschrift der Gesellschaft fiir Erd- 
kunde Berlin, pp. 1-16. 

1935 Steppenheidc oder Eichenwald: 
Fine urlandschaftskundliche Unter- 
suchung ztirn Verstandnis der vorge- 
schichtlichen Siedlung in Mitteleuropa. 
Weimar. 81 pp. 

1939 Wald und Siedlung im vorge- 
sehichtlichen Mitteleuropa, Vol. LXIV. 
Leipzig: Mannus Biicherei. 254 pp, 

Gbst, E., and Sprefiv.er, H. 

1939 “Wege und Ergebnisse der Flur- 
forschung irn Gebiet der grossen 
ITaufendorfer, Petermanns gcogra- 
phische Mitteilungen, LXXXV, No. 1, 
1-19. 

Otri*:mba, E. 

1938 Das Problem der Ackernahrung, 
untersucht an ausgewdhlten Beispie- 
len des ndrdlichen Rhein-Mainge- 
bietes. (“Rhein- Mainische Forschun- 
gen,” No. 19.) Frankfurt on the 
Main: H. L. Bronner. 116 pp. 

1942 “Die Gliederung der landlichen 
Kulturlandschaft in Deutschland,” 
Zeitschrift fiir Erdkunde, X, 513-30. 

1951 “Die Entwicklungsgeschichte der 
Fliirformen im oberdeutschen Altsie- 
dellande,” Berichte zur deutschen 
Tjandeskunde, IX, No. 2, 363-82. 

1953 Allgemeine Agrar- und Industrie- 
geographic. Stuttgart: Frank’sche Ver- 
lagsbuchhandlung. 341 pp. 

Pessler, W. 

1908 “Die Haustypengebiele im 
Deutschen Reich,” Deutsche Erde, 
VII, 14-22, 45-52. 

Pfeifer, G. 

1928 Das Siedlungsbild der Landschaft 
Angeln. (“VerofFentlichungen der 
Schleswig-Holsteinischen Universitats- 
gesellschaft,” No. 17.) Breslau: F. 
Hirt. 167 pp. 

1939-46 “Wirtschaftsgeographie,” pp. 
175-204 in Wissmann, H. von, Natur- 
forschung und Medizin in Deutsch- 



275 


The Quality of Peasant Living in Central Europe 


land, Vol. XUV: Geographie, Part 
IV. Wiesbaden: Dieterich’sche Ver- 
lagsbuchhandlung. 220 pp. 

Pfeifkr, G., and Schuttler, A. 

1941 “Die kleinraumige Kartierung 
kindwirlschaftlicber Niitzflacben und 
ilire kiiltnrgeographische Bedcutung,” 
Peternianns geographischc Mittei- 
lungen, LXXXVII, No. 5, 153-67. 

Rikhl, W. H. 

1851 “Die biirgcrliche Gcsellschaft,” 
in Die Naturgeschichte des Volkes als 
Grundlage einer deutschen Sozial- 
Politiky Vol. II. Stuttgart: J. G. Cotta. 
486 pp. 

1854 “Land und Leute,** in Die Natur- 
gesrhichte des Volkes ah Grundlage 
einer deutschen Sozial-Politiky Vol. I. 
Stuttgart and Augsburg: J. G. Cotta. 
329 pp. 

1857 Die Pfdlzer: Ein rheinisches 
Volkshihl. Stuttgart and Augsburg: J. 
G. Cotta. 315 pp. (1st ed., 1857; 3d 
ed„ 1907.) 

1859 Culturstudien aus drei Jahrhtm- 
derfen. Stuttgart: J. G. Cotta’fcher 
Verlag. 407 pp. 

1869 Wanderbtich. Stuttgart: J. G. 
Cotta. 379 pp. 

Riepenhausen, H. 

1938 Die bduerliche Siedlung des Ra~ 
vcnsbcrger Landes bis 1770. (“Ar- 

beiten der geographischen Kommis- 
sion, Provinzial Institut fiir West- 
fiilische Landes- und Volkskunde,” 
No. 1.) Munster. 144 pp. 

Roshop, U. 

1932 Die Enttvicklung der Idndlichen 
Siedlungs- und Flurbildes der Graf- 
schaft Diepholz: Eine siedlungsge- 
ographische Studie. (“Quellen und 
Darstellungen zur Geschichte Nieder- 
sachsens,” Vol. XXXIX.) Hildesheim 
and Leipzig. 104 pp. 

SCIIARLAXJ, K. 

1933 Beitrdge zur geographischen Be- 
trachtung der Wiistungen (“Badischc 
geographische Abhandlungen,” Vol. 
X.) Freiburg in Breslau and Heidel¬ 
berg: Selbstverlag Geographische In¬ 
stitut. 46 pp. 

1938 “Zu Frage des Begriffs Wustung/' 
Geographischer Anzeiger, XXXIX. 
No. 11, 247-52. 


1941 Siedlung und Landschaft im 
Kniillgehiet: Ein Beitrag zu den kul- 
tur geographischen Problemen Hcs~ 
sens. (“Forschungen zur deutschen 
Landeskunde,” Vol. XXXVII.) liCip- 
zig; S. Hirzel. 335 pp. 

1943 “Die Wiistungen des ausgehen- 
den Mittelalters,” Petermanns geo¬ 
graphische Mitteilungen, LXXXIX, 
Nos. 9-10, 271-74. 

1954 “Die Bcdeulung der Pollenana- 
lyse fiir das Freiland-Wald problem 
uiiter besondcrer Beriicksichtigung 
der Altlandschaften im hessischen 
Bergland,” Berichte zur deutschen 
Landeskunde, XIII, No. 1, 10-32. 

Sc:hif,r, B. 

1932 Jlauslandschaften und Kultur- 
hrwrgungen im dstlichen Mitteleu- 
ropa. Reichenberg: F. Kraus. 456 pp. 

ScaiiLLi, H. 

1953 Das Schumrzuxildhaus. Stuttgart: 
W. Kohlhammer. 302 pp. (Contains 
comprehensive bibliography.) 

SciILENGER, H. 

1951 “Forschungsprobleme der mo- 
dernen Siedlungskunde,” Blatter fiir 
deutsche Landesgeschichte, LXXXVIII, 
41-72. 

SCHLUTER, O. 

1911-13 “Deutsches Siedlungswesen,” 
ReaUexikon der germanischen Alter- 
tumskunde, I, 40^39. Straszburg. 

1952 Die Siedlungsrdume Mitteleuro- 
pas in fruhgeschichtlicher Zeit, Vol. 
I: Einfuhrung in die Methodik der 
AltJandsforschung. (“Forschungen zur 
deutschen Landeskunde,” Vol. LXIII.) 
Hamburg: Atlantik Verlag; Remagen: 
Paulist und Verlag des Amtes fiir 
Landeskunde. 47 pp. 

1953 Die Siedlungsrdume Mitteleuro- 
pas in fruhgeschichtlicher Zeit, Vol. 
11: Erklarung und Begrundung der 
Darstellung, Part I: Das siidliche und 
nordwestliche Mitteleuropa. (“For¬ 
schungen zur deutschen Landes¬ 
kunde,” Vol. LXXIV.) Remagen: 
Verlag der Bundesanstalt fiir Landes¬ 
kunde. 240 pp. (The latest and most 
comprehensive discussion of pertinent 
questions by the master of historic ge¬ 
ography in Germany. Well-balanced 
resume of divergent opinions. Map 
and bibliography.) 



276 


Mein s Rolf 


hiiiigirtg the Face of the Earth 


SCHMITIIUSEN, J. 

1934 Dcr SiccUrwai 
nisch en S ch it'[(’ 'Ll 
7MV Ijnndcslvin)*!*' c. 

Series IJ, Nn. 4. ) 
J06pp. 

3940 Das Iuxcinh}:r..gy 
nattn\ Volksiu)}! iirta ; 


! ItksTlu'i- 
I fitnige 
;:jlandc/’ 

irscheid. 

Lund: Lanclcs- 
uurrlichc Wirt- 
7a r deuLschen 
XXIV.) Lcip- 


Sf'Jtafl. (nrs<'hiir‘;Sf 

Liin(h‘.'^l:nit<U‘ \ r>]. 
zie;: s. 1 lit pp- 

Sc.}[MITT, O. , 

19.52 CnDtdlaiirii und Verbreitun^ dcr 
liodt'nztcsfbruno hn Rhein-Maingc- 
hirt in if cincr Vntcrsuchung iiher Bo- 
dt'nzcrsfbrung durch Starkregen im 
Vor.^'pr.s.sarf. ('"Bhein-Mninische For- 
schiing(;n,’' No. 33.) Frankfurt on th(' 
Main: M. W. Kramer. 130 pp. 


Grundlage. Leipzig: H. Buske. 194 

pp. 

Si( K, D. 

] 051-52 “Die Vereinddung im ndrd- 
liclien Bodenseegebiet,” Wiirttem- 
hrrgische Jahrbiicher fur Statistik und 
Landeskunde. 

SlEVERS, A. 

1942 “Zii Gcogruphie der Jandwirt- 
schaftlichcn Betriebsgrdssen. I. Fine 
vcrglcichciicle Betrachtung nordost- 
cleutschcr DihiviaUnndschnft/' Berich- 
ie zur Raumforschung und Raumord- 
nung, VI, Nos. 4-5, 114-26. Heidel¬ 
berg and Berlin. 

1944 “Schriftum zur Landwirtschafts- 
geographie: Ein Uberblick iiber das 
letztc Jahrzehnt,” ihid., XI, 1-63. 
Leinzie. 


Sci IM rrri ienneti, II. 

1923 "Die Reufbergwirt.schafl in 
Deutschhuid,” Gcographische Zeit- 
srhrifl. XXIX, 115-27. 

SCHREPFER, II. 

1938 “Zur Geographie des landlichen 
Hausbaus in Siiddeutschland,^’ Zeit- 
schrift fur Erdkunde, VI, No. 1, 236- 
40. 

.Sf llllODFR, K. IT. 

1941 Die Flurformen in Wurttemherg 
und Ilohenzollem. Tiibingen; F. Rau. 
7] pp. 

ScnUl’TLER, A. 

1939 Die Kulturgeographie der rnittel- 
dcvoriischen Eifelkaklgebiete, Series 
III, No. 4. Bonn: L. Rohrscheid. 197 

pp. 

SenuE'iv.F, J. H. 

1951-52 “liber das Verhaltnis von De- 
n IK la (ion und Bodcnero.sion,” Die 
Erde, III, 220-33. 

1952 Die Bodenerosion in Thiiringen: 
V rs-(u\, Starke und Abwehrmdglich- 
kcfi (’71. (“Petermanns geographische 
Mitfciluiigen, Ergiinzungs,” No. 247.) 
Gotlia: Justus Perthes. 186 pp. 

Seri VC, M 

1908 }.il)rc('hl und Agrarverfassung in 
Schleswig Itolstcin auf geschichtlicher 
Grundhii:< . i “Die Vererbung des liind- 
lichen GiuncU>esitzes im Konigreicli 
Preiissen," \ol. II, No. 2.) Berlin: 
hi, S. MitliM Sohn. 588 pp. 

19S4 Deutsche Agrarpolitik auf ge- 
schichflicher mid landeskundhcher 


Sinn HUBER, K. 

1954 “Central Europe, Mitteleuropa, 
Europe Centrale: An Analysis of a 
Geographical Term,” Transactions 
and Papers of the Institute of British 
Geographers, Publication No. 20, pp. 
15-39. 

Steinbach, Fr. 

1926 Studien zur westdeutschen 
Stammes- und Volksgeschichte. 
(“Schviften des Tnstituts fur Grenz- 
iind Auslandsdeutschtum, Marburg,” 
Vol. V.) Jena. 180 pp. 

1927 “Gewanndorf und Einzelhof,” 
pp. 44-61 in Historische Aufsdtze: 
Festschrift fiir A. Schulte. Diisseldorf: 
li. Schwann. 

1931 “Das Bauernhaus der westdeut¬ 
schen Grenzlande,” Rheinische Vier- 
teljahrsbldtter, I, 26-47. 

1937 “Geschichtliche Siedlungsformen 
in der Rheinprovinz: Aufgaben der 
Siedlungsgeschichte in der Rhein¬ 
provinz,” Zeitschrift des Rheinische 
Vereins fur Denkmalspflege und 
Heimatkunde, XXX, 19 ff. 

Thitnen, j. H. von 

1826 Der isolierte Staat in Beziehung 
auf Landwirtschaft und National- 
okonomie. Rostock. (Vol. I, 1842, 391 
pp.; Vol. II, No. 1, 1850, 285 pp.; 
Vol. II, No. 2, 1863, 444 pp.) 

Trier, J. 

1938 “Das Gefiige dds bauerlichen 
Hauses im deutschen Nordwesten,” 
Westfdlische Forschungen, Vol. I. 



The Quality of Peasant Living in Central Lttropr 


Tuxen, R. 

1931 “Die Grundlagen der Urland- 
schaftsforschung: Ein Beitrag zur Er- 
forschiing der Geschichte der antliro- 
])()genen Bceinflussiiiig dci Vegetation 
Mittclcuropas,” Na('tiric]it(’ti aiis Nir- 
dcrsachsens Vrgesetlielite. No. 5, pp. 
59-103. (With Nietsch and Schott, 
criticized the classical Gradmarin theo¬ 
ry and initiated a new phase in the 
discussion.) 

Waibel, L. 

1933 Prohlcme der Laiidwirtschafts- 
gcographie. Breslau: F. Flirt. 94 pp. 


W’erth, E. 

1954 Grabstock, liacke, Pflug. IauI- 
wigsburg: El. FOmer. 435 pp. 

WlTTlC.H, VV. 

1896 Die Criindherrsehaft hn nord- 
trcstliehen Deutschland. 2 vols. Leip¬ 
zig: Duncker & Humblot. 461-|-143 

pp. 

WuiIIlEH, K. 

1935 Beitrcige zur dltesten Agrarge^ 
sehichte des geriiianischen Narden. 
Jena: Cuistav E’i.scher. 152 pp. 



On the I\o/e of Mnture nnd Man in Changing 
the Face of the Dry Felt oj' Asia 
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Three subcontinents, green with for¬ 
est, are divided from one another by 
the vast desert belt of the Old World: 
Africa south of the Sahara, Monsoon 
Asia, and Europe, including Siberia and 
the Mediterranean lands. The desert 
barrier as well as the frost line, the ut¬ 
most limit of frost, which is (in more 
continental regions) the margin of the 
tropics (Wissinarin, 1948; Coon, 1953), 
have probably been responsible for di¬ 
viding humanity during parts of the 
Quaternary age, so that racial units 
could develop to some extent in isola¬ 
tion. Did this take place in one, perhaps 
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in tlie long penultimate interglacial 
period? 

c:hanc;ks of climate and 

VEGETA77C3N 

According to its atmospheric circula¬ 
tion, the Dry Belt can be divided into 
a trade-wind section from the Atlantic 
coast to Arabia and a continental or 
“central” section from southern Russia 
and Iran to Mongolia. If we follow the 
thesis of Biidel (1952, 1953), the aridity 
of the trade-wind section probably was 
less intense during the last Ice Age, es¬ 
pecially on the polar, but also on the 
equatorial, side. According to him, 
the steppe vegetation then replaced the 
semidesert vegetation of today.^ So the 
Sahara and the desert of Arabia would 
have been not quite so eflFective barriers 
against human migrations during cold 
(glacial) periods as they are at present 
and were during parts of interglacial 
periods (compare below). 

It is different in the continental sec¬ 
tion of the Dry Belt, that is, in Inner 
Asia. In this belt, as a whole, humidity 

1. The thesis maintained by Penck (1913), 
Klute (1930), Wissmann (1952), Willett (1953), 
and others, that during the last Ice Age the 
humid tropics were narrower in the west of 
the continents and the dry trade-wind belts 
shifted toward the equator, seems to be 
wrong. FIohn* * * § s considerations (1952, 1953) 
on atmospheric circulation during the last 
Ice Age should be compared here. They sup¬ 
port BiidePs thesis in the trade-wind zone 
(1949, 1952, 1953). 
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was not much different from that of to¬ 
day.- It was somewhat lower in Cen¬ 
tral Europe and Hungary (Poser, 1948; 
Biidel, 1949; Wilhelmy, 1950; Frenzel 
and Tioll, 1952), as well as in China 
(WissTiiann, 1938). In both cases this 
lower humidity certainly depended on 
the eustatic regression of the seas (die 
North Sea, the seas round the British 
Isles, the Adriatic Sea, the Yellow Sea, 
and the East and the South China seas). 
By this regression the land masses be¬ 
came rounded off and more extensive 
than they are now. Thus Europe and 
China became more continental. Bobek 
(1953-54) supposes that even Turan 
was a little more arid than today, in spite 
of its terminal lakes being enlarged. Ac¬ 
cording to his experience in Iran, he 
concludes that, in this country, precipi¬ 
tation was equal or even less than at 
present, so that, owing to lower tem¬ 
peratures, humidity was but slightly 
higlier. Therefore, while vegetation was 
much the' same as today (not taking the 
lowering of timber line into considera¬ 
tion), the runoff was stronger, and the 
ttuTiiinal lakes showed higher levels, ow¬ 
ing to reduced evaporation. The climate 
was more fluvial but not more pluvial 
{ibid,). Louis (1938, 1939) came to 
similar conclusions for the interior of 
Asia Minor, as did Picard (1938) for 
Syria.® According to Zeuner (1953), In¬ 
dia had drier periods but no moister 
ones in the Upper Pleistocene and 
showed about the same distribution of 
humidity during the last glaciation as it 
does today. 

In Figure 84 a synopsis is given of the 
vegetation in northern Eurasia during 
the last glaciation. This figure is based 
on Biiders map (1949; Hack, 1953) for 
Europe, on my map (Wissmann, 1938) 

2. Because of the reduction in temperature, 
evaporation was reduced and, by this, pre¬ 
cipitation. Humidity is precipitation minus 
evaporation (evapotranspiration ). In the con¬ 
tinental Dry Belt precipitation, as well as 
evaporation, must have been much lower than 
at present (Klute, 1951). 


for China, and on Frenzel and Troll’s 
map (1952) for the U.S.S.R. area. The 
latter utilizes extensive Russian litera¬ 
ture. Figure 84 differs strongly from 
that of Frenzel and Troll as regards the 
extent of glaciation in northeastern and 
central Asia, following the results of 
my studies on the snow line of Asia at 
present and in the Ice Ages ( 1956, MS). 
For Syria the map is based on Crad- 
mann (1934, 1943) and Picard (1938); 
for Asia Minor, on Louis (1939); and 
for Persia and its surroundings, on Bo¬ 
bek (1951, 1952, 1953-54). The source 
material is of unequal value; the map 
represents a preliminary attempt. How¬ 
ever, when compared with a map of the 
present climate or vegetation, it shows 
clearly that the boundaries of the ther¬ 
mal zones, especially the timber line, 
were displaced over much greater dis¬ 
tances than the boundaries of the hu¬ 
midity zones, for example, the border 
of arable steppe and desert steppe, or 
the transition between forest and 
wooded steppe. After all, it is evident 
thac the last Ice Age area of the Dry 
Belt of Inner Asia and its contours were 
much like those of the present day, 
while the area of the tundra and the 
northern timber line underwent a very 
striking change. The present large co¬ 
niferous forest belt of Europe and west¬ 
ern Siberia was more or less removed. 
It nearly disappeared by the swift ad¬ 
vance of the tundra toward the wooded 
steppe margin, which remained almost 
in its original position. In the west of 
the continent, forest was reduced to the 

3. However, Wright (1951) concludes, from 
geomorphologic reasons (accelerated stream 
deposition associated with eustatic low sea 
level), that there was a moister period at the 
time of the Paleolithic (last Ice Age) site of 
Ksar *Akil on the slope of Lebanon toward 
the Mediterranean .Sea. Yet, accelerated stream 
deposition here may better be explained by the 
fact that solifluction was spread in the higher 
slopes. According to Bobek (1953-54), the 
lower line of extension of solifluction was de¬ 
pressed 700 meters (2.300 feet) in Iran in this 
period. 




Fig. 84.-The vegetation of Eurasia, except its south, during the fast Ice Age. (After Frenzel, TroD, Bobek 







281 


Role of Nature arid Man in the Dry Belt of Asia 


Mediterranean belt. In Monsoon Asia, 
however, its area did not become much 
smaller than it is now, ex(e]:)t in the 
utmost northeast and around the fog¬ 
bound Sea of Okhotsk.^ 

The snow line was lowered about 
1,200 meters in western Europe and the 
northwestern Alps as well as in mon- 
soonal eastern and southeastern Tibet, 
and about 1,000 meters on the western 
front of the Pamirs. But it was lowered 
only 300 meters^ and even less in cen¬ 
tral Tibet; so glaciation was not much 
more extensive there than today, in con¬ 
trast with the Himalayas, which were 
strongly glaciated, with the glaciers of 
the main valleys coming down into the 
forest.® 

Perennially frozen subsoil now cover¬ 
ing Siberia east of the Yenisei, the 
U.S.S.R. Far East, and northeastern 
Mongolia, and strong inversions of win¬ 
ter (and night) temperatures in the 
lowlands and basins, which are now 
found in those regions (Flohn, 1947), 
were then spread as far as western 
Germany, Hungary (Poser, 1947; Wei- 
schet, 1954), and probably to large 
parts of central Asia.”^ 

Temperatures seem to have been 
about 5°- 7° C. lower than at present as 
a global mean during the culmination 
of the last Ice Age (correspondence 
with Flohn; cf. Bobek, 1953-54). But in 
postglacial periods they were about 2® 
C. higher during the “Thermal Maxi¬ 
mum," about 5500-2500 b.c., which is 
the middle phase of a period, which 
was warmer than before and after 

4. The area lost to the steppe in China 
and Manchuria was balanced by the area 
gained because of the eustatic regression of 
the Yellow Sea and the East and the South 
China seas. 

5. These values for the snow-line depres¬ 
sion are the differences between the last Ice 
Age snow line and the present one. 

6. It seems that the southern rim of the 
High Himalayas has been lifted several hun¬ 
dred meters by tilting and probably over- 
11 misting since the last Ice Age. 


(“Postglaziale Wiirmezeit") and ex¬ 
tended from about 6800 b.c. to about 
800 B.c. (Firbas, 1949; Smolla, 1953). 
For the climate of this warm period in 
northern Eurasia, three recent papers, 
including maps, are of importance: 
Neistadt on Russia (1953), Frenzel on 
northern Eurasia (1955), and Bobek on 
Iran (1953-54). The position of the 
northern timber line was shifted ap¬ 
proximately 200—500 kilometers north¬ 
ward of this line today, so that mostly 
there was but a narrow rim of tundra, 
including v^ooded tundra, on the penin¬ 
sular parts of the Arctic coasts of north¬ 
ern Russia and of tlu' Far East of the 
U.S.S.R. In the mountains of Central 
Europe, especially in the Alps, as well 
as in the Karakoram Mountains (Visser, 
1935), the timber line was located at 
least 400 meters higher than it is today. 

In comparison with the temperature 
curve of climate, the fluctuations of hu- 
rnulity seem to have been comparative¬ 
ly small also in postglacial periods, and, 
therefore, they are much more difficult 
to e:itablish. They often seem to run in¬ 
versely in two zones adjacent to each 
other. It seems that the Thermal Maxi¬ 
mum was a global phenomenon, just as 
was the last Ice Age and its last culmi¬ 
nation, which has to be dated about 
13000-9000 B.c. For the Thermal Maxi¬ 
mum (5000-2500 B.c. ), Bobek's consid¬ 
erations ( 195v3—54 ) come to the conclu¬ 
sion that the climate of Iran and the 
Fertile Crescent was somewhat more 
arid than it is now. This, however, does 

7. It probably is not accurate to speak of 
the culmination of the last Ice Age, for this 
long period had different culminating points. 
As in the United States (Flint, 1953), where 
the frontal moraines of the last Ice Age be¬ 
long to an earlier substage in the more con¬ 
tinental region west of the Mississippi than 
171 the more oceanic East, new investigations 
of Graul ( 1956) show that, along the northern 
front of the Alps, the more one proceeds from 
tht' continental east to the oceanic west, the 
more the frontal moraines belong to younger 
sub.stagcs. 
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not mean that prcvipit.ition must have 

been necessari/y lower at (hat time.* 
When reconstructing a previous cli- 
mute, one Inis alway'S to take into^ con¬ 
sideration that the effects of precipita¬ 
tion, evapotranspiration, and the dura¬ 
tion of annual humid and arid periods 
are bound to be proportionally di£Ferent 
for the discharge of rivers, for the rising 
and sinking of levels of terminal lakes, 
for river load, river-grading, and pedi¬ 
ment slope tlian they are for the bound¬ 
aries of tlie different graduations of 
vegetation and soil between forest and 
desert. We should also remember that 
a higher amount of precipitation is 

8. 'J’Jio period of tlic Thermal Maximum 
(between ra. 5500 and 2500 B.c.) seems to 
have been sona.'what more humid than to¬ 
day in the <jast of the Unitc.'d States and in 
WVsteni and Central Europe, but also in 
Egypt (Dee\cy, 1953; Iluzayyin, 1941, and 
the next chapter; Firbas, 1949). It seems, how¬ 
ever, to liavc been somewhat more arid in 
Tiiran (Tolstow, 1953), with southern winds 
prevailing then, and in Iran (Bobek, 1953—54), 
including the borders of Mesopotamia. Bobek 
gives a list of the sites of this period and their 
present approximate precipitation. Wright gives 
a sketch map and description (1952) of tlic 
agricultural site of Jarmo of the fifth millen¬ 
nium in the foothills of northeastern Mesopo¬ 
tamia, e.vcaxated by Braidwood. Wright sug¬ 
gests that there was a period drier than be- 
tore and after then. His argument applies the 
geeinorphological hypothesis of Bryan (1941). 
The pc'i'iod of the site was one of dissection. 
But the dependence of river-grading upon 
climate is a very complex problem (Bobek, 
1953-.51). It is questionable whether Bryan's 
hypeilh'sis is appropriate here. Wright esti- 
mat( .s tlie present annual rainfall of Jarmo 
at about 16 inches (400 mm.), i.e., about 3 
inc-hes (SO mm.) more than on the marginal 
line f>oteuitial rain agriculture (Bobek's es¬ 
timate is 500 mm.). The location of the Jarmo 
site shows' that it could not have had irriga¬ 
tion. As the temperatures in that period must 
have been about 2" C. warmer, and, therefore, 
exaporation stronger, it seems that precipita¬ 
tion was not l(‘ss than today. The same amount 
of precipitation in a warmer climate, however, 
would mean a lowe-.r degree of humidity. 

Tolstow (1 953 ) states that in the middle 
phase of the third millennium, the climate of 
(1 k' Ainu Darya Delta into Lake Aral became 
ctioler and moister. Until that time, he states, 


needed to obtain the same index of hu¬ 
midity in a warm climate than is 
needed in a cool climate. Pollen dia¬ 
grams and a careful study of fossil soils 
are of decisive importance for a recon¬ 
struction of former climatic and vege- 
tational conditions. 

It has been our concern to show that 
the shifting of temperature belts be¬ 
tween the culmination of the last Ice 
Age and the Thermal Maximum 
stietched over much greater distances 
than the shifting of humidity zones and 
that the fluctuations of humidity were 
relatively small, at least in the conti¬ 
nental part of the Dry Belt. Thin popu¬ 
lations of hunters and even those of 
steppe farmers, who were more live¬ 
stock-breeders than agriculturalists (cf. 
below), could easily adapt themselves 
by means of migrations over short 
distances to such a small shifting of 
humidity zones. A crowded population 
engaged in rain agriculture without 
much irrigation, as, for example, in 
northwestern China, is always the worst 
off. A change of humidity (aridity) in 
Inner Asia, in the amounts known, can¬ 
not be made solely responsible for such 
migrations as are known in history, 
which ranged over enormous distances 
and even crossed the continent. 

Pollen diagrams may mislead. In the 
subtropical and temperate belt the 
shaded slopes have a vegetation of the 
adjacent moister zone; a pollen diagram 
here may represent this “aclimatical” 

southern winds had prevailed, while northern 
winds have prevailed since. 

The sudden “deterioration" of climate in 
Central and northern Europe about 800 b.c., 
with decrease of temperature and increase of 
rainfall, was most probably contemporary with 
a decrease of rainfall in the Mediterranean 
area, including Hungary (cf. Smolla, 1953). 

In southern Russia the climate of the first 
stage of the warm period (“boreal," ca. 6500- 
5000 B.c.) was probably about as arid as in 
the last Ice Age and somewhat more arid than 
at present. It became more humid after the 
beginning of the Thermal Maximum (Gerasi¬ 
mov, 1946; Neistadt, 1953; Frenzel, 1955). 
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vegetation. Beside.s, pollen is spread 
over far distances. On the other hand, 
forest vegetation with a dry season, as 
well as a wooded steppe vegetation, 
will often be transformed into grassland 
by fire, especially in a period of more 
advanced hunters and of planters, farm¬ 
ers, and cattle-breeders (Sauer, 1952, 
pp. 15, 100). 

HERDING STEPPE FARMERS AND IRRI¬ 
GATING FARMERS CONQUER 
THE DRY BELT 

In his book Agricultural Origins and 
Dispersals ( 1952) Sauer comes to the 
conclusion that in all probability the 
seat of the origin of planting (not of 
sowing) and of the domestic animals 
belonging to the human settlements, es¬ 
pecially the dog, pig, and fowl (not 
herd animals), was situated in the moist 
tropics, on the riverbanks and coasts of 
soutliern Asia around the Bay of Ben¬ 
gal. Sauer looked for the progenitors in 
an unspecialized, sedentary fishing folk, 
with water communications, who, in ad¬ 
dition, hunted and collected waterside 
plants. Werth arrives at similar results 
(1954) by a different method. My con¬ 
cise attempt (1946) to interpret the 
changes of significance for man of the 
subcontinental geographical units of the 
Old World, while not entirely free of 
misjudgments, arrived at similar con¬ 
clusions. 

It is a lucky coincidence that two 
scholars of the younger generation who 
have been engaged in research at Tu¬ 
bingen furnished me with extremely 
valuable contributions to the present 
theme. G. Smolla, a prehistorian, dealt 
(1955) in a cautious, judicious, and re¬ 
sponsible way with the beginning of 
several important Neolithic traits of cul¬ 
ture in the Old World. He included an 
examination of the questions concern¬ 
ing the beginning of the cultivation of 
plants and the domestication of animals. 

F. Kussmaul, a historical ethnologist, 
gave (1953) enlightening contributions 


in the Dry Belt of Asia 

to our knowledge of the early history of 
the Inner Asiatic nomadic horsemen. 

Smolla placed at my disposal some 
provisional results of his comprehensive 
research as follows: 

The importance which C. Sauer attached 
to coastal fishermen and mussel-collectors 
for the origin and spread of planting gains 
even more in probability when considered 
in combination with archeological, climato¬ 
logical, and ethnological phenomena. Shell 
mounds (kitchen middens), with their 
world-wide distribution, seem to have been 
in many places destroyed either by the 
surf during the eustatic drowning of coasts 
of the postglacial age of increasing tem¬ 
peratures or by tlie tectonic sinking of 
coastal areas. The result is that those areas 
of shell mounds remaining must represent 
only a fraction of their former extent and 
distribution. At a time when only hunters 
and food-gatherers lived in the hinterland 
of the coast, these coastal peoples enjoyed 
a certain cultural ascendancy, since an as¬ 
sured supply of the basic foodstuflFs allowed 
them fixed residence and relatively high 
population density.*^ 

Thi.s old stratum of fishermen and mus¬ 
sel-collectors was important not only for 
the origin of planting but also, to a large 
extent, for the swift spread of several cul¬ 
ture traits (from what can be gathered 
from prehistorical research), such as house¬ 
hold animals (cf. Sauer), e.g., the dog and, 
to a lesser extent, the pig, but, above all, 
of ground stone axes and, later on, pottery. 

The region of origin of tuber-planting in 
humid southern Asia, postulated by Sauer 
and others, cannot yet be proved archeo- 
logically. There has hardly, of course, been 
any intensive research in this direction, and 

9. However, since the time when there were 
tribes in the hinterland with a productive 
food economy, the coastal inhabitants were 
mostly culturally amalgamated with the in¬ 
land tribes. These later specialized fishing 
peoples may not, therefore, be lumped to¬ 
gether with the fishermen and mussel-gather¬ 
ers of the earlier period. Only at a few places, 
where the hinterland was unfavorable for a 
productive type of farming, could some rather 
poor survivals of this older stratum maintain 
themselves. This fact explains why they have 
scarcely been considered by ethnologists. 
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the remains of such cultivation would have 
to be searched for mostly under later delta 
deposits of rivers, in so far as they have not 
completely disappeared due to custatic ris¬ 
ing of the sea Je\'el. If there were not quite 
extraordinary conditions for their preserva¬ 
tion—which are, in fact, difficult to imagine 
in tropical forest areas—the only survival 
of the culture of such planters was their 
stone industry, which probably was of a 
veiy primitive kind. The lack of archeo¬ 
logical proof for these earliest planter tiibes 
does not, therefore, speak against their 
former existence. Ethnographers, anthro¬ 
pologists and human geographers, bota¬ 
nists, and zoologists should attempt to ex¬ 
amine this question anew. The archeologist 
can maintain only that no discoveries are 
against such an argument and that, by using 
it, several phenomena become understand¬ 
able which before were inexplicable. 

The beginnings of this early science of 
planting may then be assumed to have been 
approximately at the time of the last cul¬ 
mination of the last glacial period, parallel 
to the western European Magdalenian (ca. 
13000-9000 B.C.). The spread of these cul¬ 
tural phenomena, which developed from 
this region over vast areas, must, therefore, 
have taken place shortly before and during 
the postglacial Thermal Maximum, above 
all, in the seventh to fifth millenniums b.c. 
This spread must have been particularly 
swift among the coastal fishermen and mus¬ 
sel-gatherers. The further extension of 
planting into faraway zones lasted, of 
course, many thousands of years more. 

The fact that the coastal belt from 
India, over southern Arabia, to East Af¬ 
rica, with its dry climate, and thence 
along the banks of the Nile must have 
been an early road for migration, not 
merely a passage along which new cul¬ 
tural “inventions” and goods were dis¬ 
seminated, results from the new anthro¬ 
pological rc\soarch by Poech (MS), 
evaluating, among other materials, that 
of our expeditions in southern Arabia. 
She recognizes that two races, the Gon- 
did and the Aethiopid, which both be- 
long to the large family of “Europid” 
races, are to be found in India as well 


as in southern Arabia and in parts of 
East and North Africa. 

Especially of importance here is the 
distribution of the Gondid race. It is 
dominant and numerous in parts of 
central India. But people of the Gondid 
race are also frequent in southern Ara¬ 
bia, Nubia (Barabra), and Egypt (cf. 
Fig. 85). On the Nubian Nile (Koro 
sho), a population of this race can be 
traced back as far as the Old Empire. 
Among the Egyptian sculptures of this 
period, we find clerks and officials of 
the Gondid race. Even the Berbers of 
northwestern Africa include elements 
of it. In all regions of their distributions 



a. Poech 


Fig. 85.—Three women of the Gondid race 
From left to right: Tunisia, Yemen Highland, 
central India. 

the people of the Gondid race belong 
to a busy agricultural population.^® 

It has to be emphasized that the 
above-mentioned races are only two out 

10. As this race was not distinctly defined 
by von Eickstedt (1931—32), we give a de¬ 
scription by Poech: 

"According to south Arabian material, the 
people of the Gondid race show markedly 
Europid forms, with a total lack of prognathy. 
They have a slender and strong body with 
smooth and rounded forms. Their skin is of a 
light brown color. Their eyes are dark brown. 
The rich and wavy hair is black. Men have 
their hair floating down to the shoulder. The 
outline of the face, which is more or less 
broad, is oval. Their cheeks are full and 
rounded. Noses are narrow, straight, high, 
and of medium length. Their tips are pointed. 
The integumental upper lip is concave, and 
the mouth is not very big. The lips are rather 
thick. The vertical height of the lower jaw is 
short. The contours of the lower jaw converge 
in a more or less acute angle. In profile, the 
chin protrudes, softly rounded. The smooth 
features of the Gondid face may be of a 
gentle beauty.” 
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of a rather great number of races sorted 
out by Poech in southern Arabia. As a 
matter of fact, most of the other races 
of this country are also found in other 
parts of the Middle East and Europe. 

We go on to follow the exposition of 
Smolla: 

The domestication of sheep and goats 
and the cultivation of grain were probably 
begun in the wooded steppe and steppe 
areas of northwestern India and the ad¬ 
joining western Asiatic mountain regions 
during the sixth millennium b.c. at the very 
latest. For several reasons it is probable 
that the impulse which stimulated the tran¬ 
sition to these new forms of produc¬ 
tion came from tuber-planting. Naturally 
enough, this cannot at the moment be 
proved archeologically. It is, however, pos¬ 
sible that the cultivation of several small- 
seeded cereals, which we comprehend un¬ 
der the term “millet,” forms the point of 
transition between tuber-planting and ce¬ 
real-crop farming. Perhaps the round- 
butted ax (Walzenbeil)t which serves as 
a connecting link between India and north¬ 
ern China, belonged originally to such a 
period of early millet farming in the wood¬ 
ed steppe regions of northern and western 
China. 

Forms of cereal farming combined with 
the herding of sheep and goats, and then 
of cattle, which seem to have been do¬ 
mesticated somewhat later, spread quickly 
over parts of the Old World. Beside rain¬ 
fall agriculture, elementary types of irriga¬ 
tion and oasis economy were known at a 
very early period from Iran to Syria. This 
can be deduced from the fact that Jericho 
and other early agricultural sites show a 

II. “Another question arises: Was it the 
case, perhaps, that in this early period a stream 
of culture proceeded westward from China 
through the natural oases of what later be¬ 
came the silk road, finally arriving as far as 
Central Europe, spreading the round-butted 
ax, and perhaps also Panicum miliaceum (pro- 
so millet), Fagopyrum (buckwheat), and Se- 
taria italica (foxtail millet)? (For later move¬ 
ments from east to west of a fishing and hunt¬ 
ing population through the northern belt of 
wooded steppe and through the taiga forest 
belt at the beginning of the second millennium 
B.c. see Jettmar, 1954b).“ 


marked desert climate and certainly can¬ 
not have had any rain agriculture as shown 
by their early excavated periods. 

The ancient civilizations of the Near 
East—western Iran, northern Mesopotamia, 
Syria, Palestine, and Egypt—derived from 
this farming and herding culture. About 
3000 B.C., with the invention of writing, 
they were completely developed. Among 
the first Sumerian characters we find a por¬ 
trayal of the plow, the first known docu¬ 
ment of this tool. Since the townlike settle¬ 
ments, temple buildings, etc., began at an 
earlier date, the beginning of civilization 
(Hochkultiir) will have to be dated back 
to the start of the fourth millennium B.c. 
In Jericho an early stratum has been dis¬ 
covered in which pottery was still un¬ 
known, yet which had already developed 
into a large type of settlement, surrounded 
by a town wall. Therefore, the lower 
strata of the southwestern Asiatic tells al¬ 
ready represent early forms of the begin¬ 
ning of a civilization wh’ch led to the in¬ 
vention of the plow and of highly devel¬ 
oped systems of irrigation. 

This earliest phase of civilization ob¬ 
viously exerted its influence over a wide 
arec, for it would be diflicult to under¬ 
stand a large part of the development of 
the Neolithic on the Balkan Peninsula and 
in Central Europe, were we not to con¬ 
sider influences from this phase. 

Geographically, this rise, spread, and 
development of cultures, which in¬ 
vented ways to put plants and animals 
into their service, may be hypotheti¬ 
cally summarized approximately as fol¬ 
lows. 

In large parts of the Old World there 
was an early sedentary unspecialized 
fishing folk with varied occupations and 
a hinterland of roaming collectors and 
hunters. It spread along coasts and riv- 
erbanks, partly by means of primitive 
vessels. In the regions inhabited by such 
a fishing population, in humid tropical 
southern Asia, the planting of tubers 
and the domestication of dogs and pigs 
originated during the period of approx¬ 
imately 13000-9000 B.c. This unspecial¬ 
ized fishing population living along the 
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widespread ribbons of coasts and river- 
banks passed on the spark of the new 
“inventions'' of planting and domestica¬ 
tion. At first, the monsoonal forests of 
southeastern Asia were penetrated. In 
areas which were seasonally inundated, 
taro root was planted and, at a later 
stage, rice. Then, in transitional areas 
between these monsoonal forests and 
the wooded steppes of India, of Burma, 
and of western and northern China, the 
sowing and cropping of small-seeded 
grains of the wooded steppe (i.e., of the 
so-called “millets”) seem to have begun. 
This meant a penetration of a food- 
producing culture and economy into 
drier regions, into wooded and other 
arable steppes, and, by this, an increas¬ 
ing density of population in these re¬ 
gions. Then, somewhere among hunters 
of the Indo-Iranian border ranges, the 
breeding of sheep and goats was “in¬ 
vented.” It is an open question whether 
an impulse came from those early food- 
producing and domesticating popula¬ 
tions of the riverside, tropical forest, 
and steppe with which we just have 
dealt. But it is plausible that there real¬ 
ly was some stimulus from this source. 

Then, among tribes growing millets 
and herding sheep and goats, some¬ 
where between Turan and Syria, grasses 
with larger seeds were cultivated for 
the first time, with grains which it was 
possible to store (i.e., wheat and bar¬ 
ley ). Yet, the high mountains of eastern 
and western Iran, which are surrounded 
by tillable steppes, are divided from one 
another by a broad zone with almost no 
land fit for rain agriculture, even in the 
mountains, which are lower than those 
to the east and west. But this intermedi¬ 
ate zone was rich in natural oases along 
the foot of its mountains. Therefore, it 
is probable that a primitive kind of ir¬ 
rigation (which enabled storage) was 
already canied out at the time when 
wheat and barley were first sown. For 
in a period which was drier than today 
(Bobek, 1953-54) rain agriculture with¬ 


out irrigation could not have easily 
crossed this dry zone. The same popu¬ 
lation may also have begun to domesti¬ 
cate wild cattle, not in the driest re¬ 
gions, as cattle are not suited to the 
desert steppe, but in wooded land 
around the forest margin of the moun¬ 
tains. Thus Iran and its surroundings 
fostered a farming, herding, and hunt¬ 
ing people, for which a light pedocal 
soil, easily prejDared, is convenient. Such 
types of soil can be found in open coun¬ 
try of steppe and wooded steppe, or in 
light forest, as well as in natural oases 
or the desert, where irrigation may eas¬ 
ily be carried out. 

Two main ways of living could 
branch oflF from this stage of culture. 
One, based on irrigation and the stor¬ 
age of grains, led to larger settlements 
with brick buildings and, further, to the 
founding of the earliest form of civili¬ 
zation (cf. Wittfogel, p. 152 above). In 
the other mode of life, herding was, be¬ 
sides hunting, at least as important as 
grain-growing. Between the light forest 
and the margin of arable steppe, espe¬ 
cially in the wooded steppes, this way 
of life of a herding farmer or farming 
herdsman spread far over large parts of 
the Dry Belt and its surroundings of 
light forest, becoming more pastoral 
here, more agricultural there, according 
to the vegetational circumstances. In 
most cases, it seems, there was no sharp 
tribal separation between agricultural¬ 
ist and herdsman. Cain and Abel were 
brothers. We may call this a “steppe¬ 
farming” culture and economy. Besides 
these two branches of farming, a herd¬ 
ing nomadism with sheep (and goats) 
not only may have branched off from 
steppe farming but also seems to have 
spread independently from its earliest 
source (cf. Jettmar, 1954h; Kussmaul, 
1952-53). 

Along the coasts from India west¬ 
ward and along the Mediterranean 
coasts as far as the Atlantic Ocean, all 
of which are drier than those of mon- 



2S7 


Role of Nature and Man in the Dry Belt of Asia 


soonal southern Asia, tlie old culture of 
fishing peoples, iinpix'gnattd witli the 
cultural achicwernc'iits of the tuber- 
planters and breedcjrs of housc'hold ani¬ 
mals, was combined in various ways 
with the other “producing,” no longc-r 
“collecting,” c'ultures developed in the 
Dry Belt, which we mentioned above. 
In tropical Africa a nc^w S('leeting and 
molding of tliese elements took place 
under climatic.', vegc'tational, rac'ial, and 
spatial circumstances didc’X'ut from 
those in Asia. Yemen and Abyssinia be- 


(black in Fig. 86). This middle^ belt 
stretches from Morocco and Spain to 
northern China. It is in this l)elt— from 
desert to semihumid c'limate -that natu¬ 
ral oases and irrigation became, and 
still are, of the greatest importance, t's- 
pc'cially along the foot of mountain 
chains (cf. Cradniann, Toward 

the east this belt becomes even- nar¬ 
rower. In Kansu thcire is only one chain 
of oases. But, at its eastern end, it 
bulge's out, forming tlie woodc'd steppes 
of northern China. In the west it is in- 
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Fig. 86.—Oases and slt-ppc jonions of tin- Dry Belt rtf tla' Old World, classified accordint^ to 
tlic'ir thermal conditions. 


came a secondary nucleus, where culti¬ 
vation and domestication began of new 
plants and animals, such as the donkey 
and probably the tall tropical millets 
(perhaps sorghum, most probably Ten- 
nisetum). 

The Dry Belt of the Old World, over 
which farming and herding spread, can 
be divided into three temperature belts 
(Fig. 86). 

The region between southern Turan 
and Syria, in which the growing of 
large-grained cereals and the breeding 
of herd animals took its origin, lies in 
the center of the middle belt, a region 
of long, hot summers and short winters 


denied, in a lucky way, as we may say, 
with the Mediterranean coasts and light 
forests. 

West of Yc'inen and Abvssinia (he 
southern belt of tropical steppe of the 
Sudan has conditions of its own kind 
hut not dissimilar to those of peninsular 
India. 

The northern belt of steppes (cf. Fig. 
86) runs from Manchuria and northern 
Mongolia to Kazakhstan, southern Rus¬ 
sia, and Rumania. In Hungary and Cen¬ 
tral Europe it ebbs away in dispersed 
islands of wooded steppe surroundcc] 
by oak and hornbeam forest. Like the 
other two belts, this bult must have 
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nuule cxceUcnt >iro„nd Ux,. V.'f, “Danubian” Culture (Bandkeramiker), 

for primitive n^riculliirnl people used in which agriculture was important or 
to winter crops, the climate of this even predominant, seems to have al- 
northern belt becomes inrae s(*vere ready reached Germany in the fourth 
from west to east. In this direction win- millennium b.c., when the temperature 
ters become harder and longer, and the was about 2° C. warm^jr than it is to- 
snow cover gets thinner and scarcer, day. 

until finally the belt ends in the region As to the question of the spreading 
of perennially frozen subsoil. In the of herding and agriculture into the 
whole of this northern belt, summers steppes of the northern belt, from the 
are too cool in the west and too short in middle of the third millennium to about 
the east to yield good, or several, crops 2000 b.c., Russian archeology has col- 
suifieient to make intensive and lab^iri- lected much material by excavation, 
ous irrigation worthwhile. The milder which has been dealt with carefully by 
winters of the westernmost wooded Jettmar (1945h, 1954c; cf. Fig. 89, p. 
steppes of this belt, however, as well as 298). 

the light oak forest on the loessal soil of In the Amur region the short sum- 
Central Europe, which is easily tilled, mers are hot and must have been even 
favored the spreading there of winter somewhat hotter in those periods, 
cereals from southwestern Asia. The Therefore, one might suppose that proso 
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m/lJet and buckwheat as summer crops 
came to the Amur area from the south 
before herding came in. But up to now 
no evidence of that kind has been dis¬ 
covered. 

Figure 87 shows the zones of vege¬ 
tation of the continental part of the Dry 
Belt running from southern Bussia to 
Manchuria. Between dense forest veg¬ 
etation and full desert there are three 
zones to be distinguished: (1) the 
wooded steppe, which is good for agri¬ 
culture and pasture; (2) the open 
steppe, which is good pasture and is 
still arable (where, however, rain agri¬ 
culture is endangered by dry years); 
and (3) the desert steppe or sernidesert 
with meager pasture. It is probable 
that, in regions where the third of these 
zones is broad, an independent shep- 


hcird nomadism was preserved or 
branched off from the steppe-fanning 
economy (with sheep and goats in the 
southern and central belts [Fig. 86, p. 
287], and with sheep only in the north¬ 
ern belt). But it appears that such a 
nomadic shepherd folk always lived an 
impoverished life compared with the 
farming and herding tribes of the 
inoister zones or of regions interspersed 
with oases.Good pasture is found in 
the Tien Shan, in the Pamirs, and espe¬ 
cially in eastern and southern Tibet 
above the cereal line. But it must be 
remembered that this line was several 
hundred meters, perhaps 400 meters, 
higher than today. (Painted pottery was 

12. Such tribes may be only partly nomadic, 
a part of the tribes being agricultural, a part 
ranging as sluiphcrds ( “'IV'il-Noniadisnuis” ). 
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found near the Ch’ing-hai [Kuku NorJ.) 
Nevertheless, a shepherd culture can 
be elearlv distinguishe(] at tiie begin¬ 
ning of the norfheas(( iij libetan cul¬ 
ture* (HcTuianns, J9hh, Kussmaul, 1953). 

Fii^iirrs S4, SCk nncl S7 show eJearly 
IIiLit Cdiina north of die ilwai River is 
the easternmost outpost oi the middle 
steppe })C‘lt with long liot summers. 
These long summers mean that two 
crops f an In' <grown in one your on the 
same field if witter is siifEeiently avail¬ 
able. In Manchuria the summers are too 
short for this. Southern C.’hina, willj its 
moist subtropical forest and its net of 
naviga])](^ rivers, is broadly connected 
with the forests of southern Asia, the 
cradle of ]:)lantino; and of the breeding 
of household animals, according to 
Sauer. Desc'riptions of southern China 
during th(' (’hou atid Ilan dvnasties 
demonstratf* that the dog and pig had 
a central position in the religious ])('- 
liefs of many tribes, and fishing and 
navigation wfax* important for manv of 
them (Eberhard, 1942f7, J942e). Ssu- 
ma C]h’ien, thf* Chinese Herodotus, in 
the second century B.c. wrote as follows 
alxMit the for(\sted south: ‘'People eat 
rice and make a soup of fish. They till 
the field after burning, or cultivate bv 
nood-irrigation( ?). Thanks to the fruits 
of trees and plants and to snails and 
mussels they havf^ sufficient to live on 
^\ithout (h'pending on merchants.” In 
contrast to this, he states that Cdiina 
jnf^pt'r, which at that time was still re- 
striftf'd to northern China with its 
steppe* ( liiiiatf*, was densely populated, 
that gram was grown and stored there, 
but that the land was often harassed by 
floods am] droughts. 

Even w) thf^ primitive culture of the 
Suehen. w iKi ii\ (‘d in the forests of east¬ 
ern Mam hm ia, that is, north of the re¬ 
gion whf iT too and yams can be grown, 
the dog am! pig were important ele¬ 
ments in the f t'onomy and religion, dur¬ 
ing ear ly Cln’ncse history, and naviga¬ 
tion was de\eloped (Eberhard, 1942rt; 
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Kussmaul, 1953). All this supports the 
thesis of Sauer—that food-producing and 
domesticating of household animals had 
its origin in the rnonsoonal forests of 
.southern Asia. Jettiriar, using recent 
Bu.ssian and Swedish literature, shows 
(1954a) that at the beginning of the 
sf'cond millennium b.c. there must have 
already been a kind of traffic carried 
on bv a fishing and hunting i^opida- 
tion, connecting Manchuria with the 
river net of the forests of Siberia and 
Russia even as far as Gotland in the 
Baltic Sf'a. 

Onr hypothesis has been already 
mentioned that, as in India, so in north¬ 
ern China, the growing of “millets” al¬ 
lowed the food-producing economy to 
leavf^ the forests and enter the wooded 
steppes (proso, foxtail, and barnyard 
millet and buckwheat). This must have 
made possible a comparatively dense 
population in the loess country. Other¬ 
wise, the invasions from the west, main¬ 
ly by way of the narrow chain of oases, 
which later became the “silk road,” 
would have led to the formation of a 
prevailingly Inner Asian people, lan¬ 
guage, and race* in China, which, of 
tourse, did not happen. The Chinese 
of the Chou and Han dynasties would, 
for instance, have drunk milk. It is not 
surprising that, up to the present day, 
no archeological traces have been de¬ 
tected of such a millet-growing people 
without pottery and cattle. 

A shepherd culture seems to have 
b(*en spread by an early migration from 
the west to northwestern China. For 
later periods, traits of such a culture 
are mainly recognizable in northeastern 
Tibet, especially in its grasslands above 
the timber line (Kussmaul, 1953; Her¬ 
manns, 1949). Then, perhaps about 
2300 B.C., a painted pottery appeared in 
northwestern China (“Panshan-Yang- 
shao”), and about 2000 b.c. or later, a 
type of black and gray pottery made on 
a wheel was brought to northeastern 
China (“Lungshan”). The latter was 
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still contemporary with late phases of 
the painted pottery of more westerly 
parts of northern ChinaThe appear¬ 
ance of both these types of pottery 
must represent at least two invasions 
along the narrow chain of oases in 
Sinkiang and Kansu. The invading pop¬ 
ulations derived their culture from 
much earlier periods in Iran and its sur- 
joundings. The first probably brought 
c attle, wheat, and irrigation, as well as 
certain lunar and chthonic beliefs to 
ncu'thern China (Kussmaul, 1953). All 
this was superimposed upcm the culture 
of the old millet-growing population, 
who were related to the peoples of the 
forest in race, language, habits, and be¬ 
lief. 

In my opinion the work of Kussmaul 
(1953) has strongly confirmed the in¬ 
terpretation that the beginning of the 
Shang Dynasty, about 1500 b.c., signi- 
fit'S an invasion of a people of Aryo- 
Iranian culture through the narrow cen¬ 
tral Asian chain of oases. Kussmaul can 
prove this statement mainly by a new 
arrangement of the extensive and im¬ 
portant ethnological material in old 
Chinese literature compiled by Eber- 
hard (1942a, 1942b, 19426'). Though 
Eberhard formerly opposed this inter¬ 
pretation, which had been a supposi¬ 
tion of many scholars before (cf. Bish¬ 
op, 1932), he has informed us that 
he now shares KussmauFs opinion. In 
the cultural complex brought by the 
Shang to China, the horse, the war 
chariot, and bronze were of special im¬ 
portance, as well as the belief in the 
Indo-Aryan god of sun and heaven. This 
and the old chthonic belief united to 
form a dualistic creed. Mythology and 
tradition show this distinctly. The Chou, 
who appeared in northwestern China 

13. The date of “Panshan” given here is 
intermediate between that of Jettmar (1954fl, 
1954h, 1954c) and that of Loehr (1952). 
The dates of Jettmar are adapted to a new 
chronological arrangement of A. P. Okladni¬ 
kov, who at present is the best expert of the 
archeology of Siberia. 


in the Dry Belt of Asia 

about 1200 B.C., in the west of the Shang 
empire, and replaced the Shang about 
1050 B.C., augmented and intensified the 
Aryo-Iranian cultural elements in Chi¬ 
nese civilization. 

Although it would fit into the frame¬ 
work of our general thesis, we cannot, 
in this paper, follow the spread in many 
directions of the Indo-Europeans (“Ar¬ 
yans”) and of the war-chariot tradition, 
out of the western part of the Inner Asi¬ 
atic Dry Belt (Childe, 1926). But we 
must state that these Indo-Europeans, 
as far as they had not become oasis 
farmers, were what we have called 
steppe farmers above. As these were 
herdsmen, hunters, and farmers at the 
same time (though they may have in¬ 
cluded groups which led only one of 
these ways of life), they probably dis¬ 
played more “nomadic:” traits during 
their migrations and invasions. Never¬ 
theless, it is most misleading to call 
them nomads. It is clearly recognizable, 
for instance, that the Aryans entering 
India and probably destroying the Ha- 
rappa civilization were steppe farmers. 

Excavations in the Shang capital in 
China have revealed that a fully devel¬ 
oped pictographic script was used as 
early as 1300 b.c. In addition, the Shang 
empire shows many other civilizational 
elements which must have been stimu¬ 
lated from the early town civilizations 
of southwestern Asia or northwestern 
India (e.g., its priest kingdom). How¬ 
ever, although the culture of the Shang 
was mainly Indo-Iranian, it cannot have 
been a steppe-farming culture. The 
Tarim Basin and its approaches to 
China, which were the only way of ac¬ 
cess to China from the west, are so dry 
that they cannot and could not support 
a steppe-farming population. Yet oases 
could be developed there because of 
the rivers coming from the high sur¬ 
rounding mountains. So the Shang, as 
well as the “Liingshan” and “Panshan- 
Yangshao” people, must have been irri¬ 
gating oasis fanners when intruding 
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into China. We do not know which of 
them brought the stimuli of script, 
priest kingdom, and other attributes of 
civilization^'^ 

At the beginning oi th( Chou Dy¬ 
nasty the; soutlu'rii lioiitn i oi the feudal 

empire run uhnost cMictiy along the 
margin between wooded steppe and 
forest (Wissmann, 1940). 

KQVFSTJUAX NOMADIZATJON‘ 

The herding and hunting culture of 
the northern steppe belt in the second 
millennium b.c. was, even in its eastern 
section, not without agricultural ele¬ 
ments. At first the share of agriculture 
may have been but a small one, diffi¬ 
cult to evaluate. But by and by it must 
hav(* become quite essential. At least 
since the middle third of the second 
millennium b.c., we may call the whole 
wooded-steppe zone of this belt a zone 
of steppe farmers (Kussmaul, 1953). 
The farther east we go, the more this 
status holds true, as we shall see. We 
learn from Kussmaul that such steppe 
fanning, with large herds on a vast 
area, oilers the best conditions for a so¬ 
cial gradation, of kinships, warlike no¬ 
bility, and dynastic leadership, just as 
we find among the war-chariot people 
and most Indo-Europeans. Han6ar 
(1951, 1954) has reconstructed some of 
the essential mental, spiritual, and eco¬ 
nomic characteristics of these steppe- 
1 aril ling communities of western Inner 
Asia, 

llic first peoples to find out that horse- 
riding was of great advantage in war¬ 
time anci the first who developed the 
art of fighting on horseback were prob¬ 
ably not the herding farmers of the 
open st( ppr hut tribes of mountain 
basins, ( spt ( tally of Transcaucasia and 
of nortlnvcsttnn Iran (Jettmar, 1954c). 

In such mountainous countries, partly 

14. Heinc-Cr Klern assumes (1950) that 
writing arri\ cf> j\ China with the “Lungshan" 
culture (ca. 20<n) b.c.). 

15. Cf, Figs 87 and 88. 
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covered with forests, the war chariot 
must have been of little use, but fight¬ 
ing on horseback must have been an 
excellent way of defense. These peoples 
cannot be called nomads, since they did 
not abandon farming and sedentary 
life.^^ 

The first peoples of the steppe and 
wooded steppe to become horse-riding 
nomads seem to have been the ‘‘North 
Iranians” (e.g., the Scythians) and their 
neighbors (Kostowzew, 1931; Hancar, 
1951). It seems that they lived between 
the rivers Volga and Irtysh. Until that 
time thtjy had been leading the life of 
steppe farmers. Some hunting tribes. 
Jiving farther north, also were included 
in the new movement. Once aware of 
the great superiority of fighting on 
horseback over the older ways of 
fighting, especially by war chariots, they 
gave up sedentary life entirely and spe¬ 
cialized in the breeding of herd ani¬ 
mals, especially horses. They became 
the first horse-riding nomads and the 
first to break into the neighboring 
countries, disseminating terror and 
panic among all sedentary populations. 
When we use the word “nomad,” we 
usually think of this equestrian type.^"^ 
The distinct social and economic 
gradation of the steppe farmers of the 
rough northern wooded steppe was 
favorable to the formation of leaders of 
high political and military ability. This 

16. The Medes and Persians of about 1000 
B.c. probably have to be included here. Even 
in later times they did not abandon their three 
main knightly ideals: horse-riding, archery, and 
love of truth. 

17. It has not been very long that eques¬ 
trian nomadization has been clearly recog¬ 
nized and described. Jettmar and Kussmaul 
arrived at the same conclusion more or less at 
the same time, Jettmar, by making full use of 
recent Russian excavations, Kussmaul, mainly 
by utilizing the rich ethnological material of 
old Chinese literature, especially its compila¬ 
tion by Eberhard (1942fl, 1942b, 1942c). Kuss- 
maul arranged the characteristic attributes of 
the tribal cultures, as they had been de- 
.scribed by the Chinese, into genetic groups 
acx;ording to modem etiological methods. 
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was of essential importance during the 
period of nomadization. When a strong 
nomadic horde had been established, 
the warmer climate and the oasis civili¬ 
zation of the south, known to some of 
the men by mercenary services, as well 
as the milder climate of tlui open plains 
of the west, attracted their invasions. 
(That the climate became rather sud¬ 
denly colder in the eighth century b.c. 
perhaps was a stimulus too.) Eastward, 
along the foot of the Altai Mountains 
and through the gap of Dzungaria, no¬ 
madization worked like a chain reac¬ 
tion of explosions. The poorer farmers 
and hunters probably were forced to 
join the “aristocracy” of horse-breeders, 
so that a new nomadic horde organiza¬ 
tion was brought about which grew by 
raiding, sacking, killing, and enslaving 
other populations, especially other 
hordes of horsemen, and by winning 
over vassals by disseminating fear. 

Kussmaul shows in his work and map 
(1953, our Fig. 88) that the spread of 
equestrian nomadization began with 
the North Iranians, especially the Scyth¬ 
ians, and was followed by the Wusun, 
whose home seems to have been central 
and eastern Tien Shan. We may sup¬ 
pose that during that period herdsmen, 
hunters, and farmers of the open 
steppes surrounding Mongolia were 
forced to take up nomadic life. It is 
possible that the pressure of the Wusun 
against the population of the oasis chain 
of present western Kansu caused the 
last invasion of farmers into China, 
especially the “Jung,” which led to the 
breakdown of the dynasty of the west¬ 
ern Chou ( 770 B.c.). 

The first nomadization to be traced 
in Chinese reports is that of the Hsiung- 
nu. The Huns, as they were called 
later on in Europe, were neither Ira¬ 
nians nor “Proto-Turks.” (According to 
Ligeti [1950-51], the Hsiung-nu lan¬ 
guage seems to stand isolated or to be 
related to that of the Yenisei Ostyaks.) 
In their habitat between ancient China 


and the Mongolian Desert, the Hsiung- 
nu took over en bloc a considerable 
group of elements of the culture of th(‘ 
nomadic North Iranians. During cen¬ 
turies of fierce wars, in which the Chi¬ 
nese defended themselves against the 
Hsiung-nu and built the Great Wall, 
the Chinese again took over a part of 
these elements, for example, iron, caval¬ 
ry, trousers, and the concept of heaven 
as a tent. Other traits of the life of the 
Hsiung-nu, however, prove not only 
their former dependence on China but 
also their cultural relation to the non- 
uomadic primitive tribes of eastern 
Manchuria. 

Figure 88 does not deal with the 
growth of more or less short-lived no¬ 
madic empires and with their conquests 
in the Dry Belt. It does not deal with 
their pressure on agrarian and urban 
China, which sometimes became vassal 
or even partly subdued (and even mar¬ 
ginally transformed into pasture). 
Nevertheless, China was growing, dur¬ 
ing long periods of defense, retreat, and 
counterattack, although it was, in its 
north, a land of wooded-steppe climate, 
attractive for nomads. Into the forests 
of the south it was growing mainly by 
its civilizational superiority. Further¬ 
more, Figure 88 does not deal with 
those tremendous migrations and inva¬ 
sions into the west, during which the 
Dry Belt served as a corridor through 
v/hich the invaders broke into the coun¬ 
tries of old oasis civilization in south¬ 
western Asia or into the beginnings of 
forest civilization in medieval Central 
and Western Europe (Grousset, 1948, 
1954; Spuler, 1950). 

All these movements destroyed what 
had been left of steppe farming in the 
plains of the steppe. The hilly and 
mountainous countries surrounding 
Mongolia, however, with a pattern or 
mosaic of steppe, meadow, and forest 
(and sometimes of pasture above the 
timber line), and the marginal parts of 
the forest belt became areas of retreat 
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and regeneration ol a poji'O.n inn which 

made its living by himtin. • 

ing, and farming ("■•ore, 1938). 

lliut the po 2 ^ijIati\)n « ' ianners must 

lictvc been quite nutnejons and dense 
before the period of n(n}Uidization in 
some areas of the wooded steppe is 
sbovvii, for inslance. bv the ruins of a 
wall of defense 650 kilometers long. 
This waJ] cuts off the northeastern cor¬ 
ner of tlK' steppes of Mongolia, running 
from west to east near the Gan River 
Valley (Plactsclike, 1939, pp. 13211.). 

9 he (km River is an easti'rn trihulai-y 
of the Argun. 

We can see from Figure 88 how, 
again and again in such hilly and moun¬ 
tainous border regions of the eastern 
part of th(^ great Dry Belt, new nuclei 
sprang uj) among hunting, herding, and 


farming groups, who led a simple life 
under hard conditions. In these we find 
some able man, endowed with the gifts 
of leadership, who organized a complex 
horde by raiding, robbing, and winning 
vassals. Here the name of a tribe or 
kinship, more or less unknown before, 
became the name of a growing power 
and sometimes even that of a vast em¬ 
pire. By some lucky chance, a “Secret 
History of the Mongols” has been pre¬ 
served (Haenisch, 1948): a story of th(' 
life of Genghis Khan, of the origin of 
his kinship, and of how lie founded the 
Mongol empire. It was written by a 
Mongol in a.d. 1240 as a plain, firsthand 
rcjiort. In the time of (5enghis Khan’s 
forefathers his semisedentary clan in 
the Kentei Memntains did not own 
many horses, cattle, and sheep. There 



—- of forest ioutard wooded sfeppe |rh\Vf il Pasture abo\re timber-fine 

F. Kussm^:,! 


i n;. 88.—The spreading of explosive outsets of horse-riding nomadism, with feudal 
‘ t -building. The j)revious population had a food-producing economy of farming. 
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was little agriculture. Wild vegetables ship, growing in strength according to 
were collected. Hunting on horseback the looting ability of the leader. Finally, 
was very important. The neighbors in well-known tribes and peoj^les of Mon- 
the open steppes outside the moiin- golia lost their independence as well as 
tains, however, were true horse-riding their name and merged with the new 
nomads with large herds. Many of these great “Mongol” unit, 
had become saturated by raiding and Ku.ssmaul (1953, n.d.) shows that 
addicted to the luxuries with which such a region on the margin of the Dry 
they had become familiar during their Belt of Mongolia hardly ever repeated 
raids. From hiding places in the valleys the formation of a new and powerful 
and forests of the Kentei Mountains, the nomadic aggregation if it had once be- 
incipient clan of Genghis Khan began a fore been the cradle of such a fast no¬ 
life of robbery among the rich nomads madization. The whole procedure, as 
of the plains. Their booty consisted of we sec it in Figure 88, worked like a 
horses, cattle and sheep, women, chil- chain reaction of explosions running 
dren, and servants. Thus the clan turned from west to east and from south to 
entirely nomadic, steadily growing by north, rooting out steppe farming and 
the acquisition of new vassals, many of continually regenerating equestrian no- 
them of foreign blood, an association madism, that terrible scourge of rural 
taking its name from the leader’s kin- and urban communities of Eurasia, 



Margin of arable sfeppe foi¥9rd sami-desert Oasis regions 


herding, and hunting, mainly in the wooded steppes. The Roman numerals show the 
succession of these outsets. The dates are approximate. 
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which in itself was a cul-cle-sac phenom¬ 
enon. 

We cannot say whether the dest^c- 
tion the mounted nomads carried into 
the countries in and around the Dry 
Belt, especially into the original cradle 
of civilization in southwestern Asia, is 
balanced by the contribution of no¬ 
madic states to the interchange of mate¬ 
rials and ideas between these surround¬ 
ing countries. All we see is that the 
empty spaces of the Dry Belt were ter¬ 
ribly enlarged by the plague of nomadic 
migrations, which annihilated steppe¬ 
farming communities and reduced and 
weakened oasis civilization (Gradmann, 
1943). We do not know to what extent 
suffering is necessary to save from de¬ 
generation and decay that which is 
sound and good in man’s mind and how 
far it contributes toward opening man’s 
eyes so that he can understand the im¬ 
port of wars. 

The development of philosophical 
and religious thought toward a higher 
stage of consciousness, the appearance 
of the Greek philosophers, of the Jew¬ 
ish prophets, of Zoroaster, of Mahavira 
and Gautama Buddha, and of Lao-tzu 
and Confucius, in the short period be¬ 
tween the eighth and the fifth centuries 
took place prior to the nomadic 
inroads into most of the countries con¬ 
tributing to this miracle of a growing 
and deepening of the ‘logos” in the hu¬ 
man mind. 

BEDOUIN NOMADIZATION 

Albright supposes that tile Semitic 
neighboi:^ of the Sumerians were, above 
all, pastoral tribes when the Sumerians, 
at the ontset of civilization, began to 
irrigate* f.ow'er Mesopotamia. Toward 
the end of the fourth millennium the 
Semites In rrm to press upon the grow¬ 
ing sedent: 5 * oasis states and to extend 
their territc’v into the steppes of north¬ 
ern Mesopotamia, before Semites be- 

18. Cf. Mensrfnn (1937, p. 612), Wissmann 
(1946), and espe cially Jaspers (1949). 


came rulers in the oasis countries. Then, 
toward the end of the third millennium, 
there was a strong pressure of pastoral 
tribes on the whole Fertile Crescent, 
and the sedentary population decreased 
and lost much of its territory (climatic 
influence?). But by 1990 b.c. a reversal 
had set in. The Amoritic “nomads” 
(compare the migration of Abraham) 
possessed neither horses nor camels. 
But they had donkeys to carry loads. 
Hunting and robbing the harvest were 
important. They had to travel and at¬ 
tack on foot. This made complete cross¬ 
ings of the desert (except in spring) 
and rapid expeditions impossible. In 
summer they had either to depend on 
oases or other settled areas or to live in 
tillable regions of the Fertile Crescent. 
Albright shows that the inroad of camel¬ 
riding Midianites into Palestine, about 
or after 1100 b.c., is the first known ap¬ 
pearance of mounted nomads in Arabia 
(Judges, chaps. 6 - 8 ; Walz, 1951 ).i» 

In the tenth century b.c. the story of 
the Queen of Sheba shows that, in addi¬ 
tion to camel-riding, a busy traffic of 
camel caravans had been fully de¬ 
veloped in competition with traffic by 
sea, with Saba (Sheba) in southern 
Arabia as its center. From the Assyrian 
reports (eighth and seventh centuries) 
on tributes of Arabian queens and 
princes, we can also conclude that there 
was a strong traffic with camel cara¬ 
vans crossing Arabia (e.g., from south¬ 
west to northeast). Even Indian and 
African wares, together with incense, 
were transported and exchanged from 
southern Arabia. Springs and wells of 
Arabia Deserta became of importance, 
first as resting places, then as commer¬ 
cial centers. Since the nomads were 
breeding the camels needed for these 
caravans, they were interested in the 
profits from the traffic. An Inner Ara¬ 
bian kingdom of that period therefore 

19. We cannot deal here with the late in¬ 
troduction of camel-riding and of mounted 
nomadism into Africa. 
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cannot be compared with a nomadic 
state of Inner Asia. Commercial oases 
or town centers played an important 
role. Taima, for instance, had its own 
script. The nomadic clans lived sepa¬ 
rately and, probably, rather independ¬ 
ently, having their own rules of revenge 
and blood feud. Caskel (1953) demon¬ 
strates that a Bedouin nomadism com¬ 
parable with the equestrian nomadism 
of Inner Asia is first found in the 
steppes and deserts between Syria and 
Mesopotamia and that it began to 
spread to the south in the second and 
third centuries a.d. The constant wars 
between Rome and Persia, the decay of 
the feudalized southern Arabian king¬ 
doms and of their caravan trade, and 
the decline of overland traffic gave rise 
to great insecurity, which spread in 
Arabia from north to south (cf. Wiss- 
mann, 1953, Wissmann and Hofner, 
1952). The nomads now form tribal or¬ 
ganizations. The heads of these are 
primi inter pares. Their position de¬ 
pends on their wealth in good riding 
camels and their ability to raid and 
loot and to persuade their comrades 
and allies. This resembles what has 
been related above about the Mongols. 

Yet it differs in some points of view 
(Bobek, 1943, 1948). Although the 
famous dam which watered the oasis of 
Marib (Saba) broke down, there still 
remained in Arabia a framework of im¬ 
poverished oases, with townsmen, and 
peasants living in bondage. And there 
were still the qahail, the highland 
farmers in their fortified dwellings in 
Yemen and Oman, where feudalism led 
to an extreme dissipation of power and 
even to anarchy, as well as to tribal 
organizations similar to those of the 
barbarized camel-nomads, the Bedou¬ 
ins. These bedu we all know from the 
excellent descriptions of Doughty 
(1936) and Oppenheim (1939-52). 

Mecca at first was a place of Bedouin 
religion and trade. Without the hedu 
and the qabtU, as well as the townsman 


and the fellah, the rise and the stability 
of the Islamic empire cannot be 
imagined. 

THE SPREADING OF CULTURES IN 
EURASIA: A SUMMARY 

In order to summarize and visualize 
our view of the spreading of planting 
and animal-breeding cultures in Eura¬ 
sia, I drew Figure 89, which in parts is 
to a high degree hypothetical. Seen as a 
whole, the most ingenious line of devel¬ 
opment seems to run from the moist 
tropical forest around the Bay of Ben¬ 
gal (tuber-planting, pig- and dog¬ 
breeding) to the steppes of northwest¬ 
ern India ( millets? ) and the moimtains 
and their foothills of eastern Iran 
(goats, sheep, large-grain cereals), 
then to the dry girdle of central Iran 
(oasis irrigation), the highlands of 
western Iran (cattle, steppe farming), 
and the river oases of Mesopotamia 
(rising of civilization, of HocJJcultur). 
The later development of human genius 
spread into the forest again, in Europe, 
as \/cll as in China and India. Greece, 
Shantung, and Magadha lie on the mar¬ 
gins of the forest. 

Each of these steps of development 
sends out a wave of spreading, which 
often combines with other waves or is 
overtaken by later ones. For the pro¬ 
gression of ^ese waves, the coasts, the 
vegetational belts, and the chains of 
natural oases are of (unequal) impor¬ 
tance. The spreading of tuber-planting 
and pig- and dog-breeding, closely con¬ 
nected with fishing, were unhindered 
along the coasts of Indonesia and the 
coasts and rivers of eastern Asia. North 
of Korea the tubers had to be left be¬ 
hind because of the cool climate. 
Branches merged into the taiga boreal 
forest along the northern Asiatic rivers. 
On the dry coasts of the Arabian Sea 
the spreading of this oldest producing 
culture had to join with later waves on 
its way by southern Iran and southern 
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Arabia to Africa. Early cultures based 
on fishing and shipping also reached 
the Mediterranean coasts (by the Nile 
and perhaps the Euphrates) and thence 
even the Atlantic Ocean and the North 
Sea. Chains of natural oases led irri¬ 
gating agriculture to Turan and the 
Tarim Basin and finally to northern 
China. This wave was perhaps caught 


up on its way by traits of full civiliza¬ 
tion. Steppe farming found its way very 
early to Asia Minor and southeastern 
Europe. Then it adjusted itself to the 
forests which surround the islands of 
steppe in Central Europe. From Ru¬ 
mania, as well as from the Tien Shan 
Mountains, steppe farming conquered 
the northern belt of the steppes. 
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Chdu^os ill CiliiuiitP, Ve^ctutioiif cincl IJiiiiidii 
Adjustment in the Sdharo-Ardbidii Belt 
with SpeddI Reference to Africa 

SOLIMAN nUZAYYIN' 


THE SAHARO-Al^ABIAN BELT: DEFI¬ 
NITION, SPACE RELATIONS, AND 
SCOPE OF STUDY 

The Saharo-Arabian belt of desert 
and seinidesert has played a crucial part 
in the stoiy of man on the earth. Per¬ 
haps in no other major belt was the 
interaction of man and milieu more 
oscillating in nature, and yet uniform in 
pattern, than in this area. The story of 
human activity in these deserts and 
semisteppes is characterized by its im¬ 
mense length. It goes back into the re¬ 
mote past of prehistory and paleogeog- 
raphy. Indeed, the intricacies of human 
adjustment and ebrnges in nature in 
this area cannot be properly understood 
or deeply appri'ciated in the light of a 
study limited to the present-day geogra¬ 
phy. We must go back deep into paleo- 
geographical stages at least to the be¬ 
ginnings of the so-called ‘Pluvial 
Period,” when man was still in his early 
stagi's of exploiting natural resources 
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Far East, and “Physiographic History of 

the River Nile/' 1953. 


nnd roaming over this wide belt. In 
such a study of paleogeography and 
paleoclimatology it is necessary to cover 
the whole area of the Saharo-Arabian 
belt as a geographical unit. The great 
rift of the Red Sea represented no real 
divide in the strict geographical sense. 
Conditions along each of its banks were 
practically the same, both in the past 
and in the present. Also, human inter¬ 
course and drifts of population were 
possible across both ends of the Red 
Sea. The Isthmus of Suez was a natural 
corridor for migrations and contacts in 
both directions. Movements of popula¬ 
tion, as well as drifts of culture and 
thought, were possible both along val¬ 
leys dissecting the high mountains of 
southern Sinai and along the northern 
coastal plain. This latter has always re¬ 
ceived adequate Mediterranean rainfall 
and was also fitted with natural water 
reservoirs in the form of sand dunes 
from whose cores underground water 
seeped to intervening wells and water- 
holes. The Bab el Mandeb never repre¬ 
sented a barrier between the highlands 
and semiarid plateaus along both its 
sides. Natural conditions on both sides 
of the Red Sea were so identical in 
southwestern Asia and northeastern 
Africa that, for all practical purposes, 
human life and human activity in ex¬ 
ploiting nature were almost the same. 
For this reason we shall find it neces¬ 
sary, when dealing with vegetation and 
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surface changes, whether due to natural 
or to human agencies, to keep in mind 
the very close connection and correla¬ 
tion between the two sides of the Red 
Sea or, rather, between the desert of the 
Sahara and Libya, on the one hand, and 
Arabia, on the other. We shall in this 
short treatise, however, concentrate 
chiefly on the African side of this belt. 

The importance of the Saharo-Ara- 
bian belt may be attributed to more than 
one geographical factor. There is, per¬ 
haps first and foremost, the unique geo¬ 
graphical situation between different 
zones and lands. It lies between the 
Mediterranean and western European 
climatic zones on the north, and the 
Sudeinese and semimonsoonal zones on 
the south. But it may be noted that the 
dividing line betweem the Saharo-Arabi- 
an belt and the zones flanking it on both 
sides was never clearly demarcated, 
either in climate or in vegetation. This 
is true not only of the present day but 
also of the past climates and vegetation. 
The case, however, was not one of regu¬ 
lar and fixed transition but rather one 
of oscillating and vibrating relation. 
Tlicre was always an encroachment 
either of the desert on its bordering 
lands or vice versa. This oscillation, 
which started with climatic conditions 
and changes in vegetation and surface, 
was finally reflected in, and in some 
cases affected by, human life and hu¬ 
man adjustments. In this process it will 
be found diflScult to separate data from 
the Saharo-Arabian belt and from its 
adjoining areas. But the importance of 
the geographical situation of this belt is 
manifold. To the northwest of it lay 
western Europe, connected with Africa 
through the Iberian Peninsula and 
across Gibraltar. Human migrations in 
this direction go deep into Paleolithic 
times and were affected both by cli¬ 
matic oscillations and by changes in 
vegetational and animal life. Migrations 
were in both directions, and, in turn, 
they had their effect upon the natural 


milieu in northwestern Africa and in 
Iberia. The Mediterranean represented 
no real barrier between its African and 
its European coasts. It has become 
abundantly clear, however, that no land 
bridge ever existed between the tw^o 
continents during human times. The 
straits of Gibraltar and of Sicily have 
always been covered with water, at 
least since late Pliocene times. Evidence 
is being accumulated that the eastern 
Mediterranean was connected with the 
Atlantic and that the Mediterranean 
never really formed one or two lakes 
within the Pleistocene. It is true that 
some of its islands such as Malta, or 
some of the Cyclades, were connected 
with the European mainland; but the 
Mediterranean was never completely 
bridged over. Not only do we find high 
raised beaches practically all around 
the Mediterranean but we also find 
molluscans and water fauna migrating 
both from Lusitania and the Senegal 
coast into the Mediterranean. Human 
connections during Paleolithic times, 
however, were maintained either across 
Gibraltar or through Asia Minor and 
over Caucasia and the Balkans. 

To the east, land connections were 
maintained between the Saharo-Ara- 
bian belt and the Iranian Plateau and 
cast into innermost Asia. This connec¬ 
tion had its effect upon the early migra¬ 
tion of fauna and flora as well as that 
of man. In the domain of culture the 
land connections with the east fanned 
out in different directions—toward Cau¬ 
casia and the Russian mainland, Turke¬ 
stan and beyond, as well as toward the 
Indian peninsula. To the southeast of 
the Saharo-Arabian belt, connections 
were maintained over the waters of the 
Arabian Sea and the Indian Ocean. It 
is to be noted that, singularly enough, 
the southern seas of the tropics extend 
two arms toward the Mediterranean, 
namely, the Persian Gulf and the Red 
Sea. Various areas along the coasts of 
Arabia and northeastern Africa served 
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as bases for sea connections. Natural 
conditions along the coasts of soutliem 
Arabia and northeastern Africa affected 
human activity and human expansion 
by sea toward the cast. In sonic parts, 
arid or subarid conditions forced men 
to depend more on the sea and sea 
trade for their livelihood. In other parts, 
vegetational wealth was of such a kind 
as to provide a basis for a special type 
of trade, such as that of incense from 
the ancient coastal plateau of Hadlira- 
maut. In other cases, the existence of 
semiinonsoonal plateaus fringed by 
desert coastal plains gave a special 
pattern of life and activity, as in the 
case of the ancient lands of Punt, which 
covered Abyssinia, Somaliland, and 
Yemen. Ilurnan connections and human 
expansion in this part of the fringe area 
of the Saharo-Arabian belt, however, 
were not limited to its own population 
which s^iread actively toward southern 
Asia and eastern Africa. Both Indian 
and African elein(;nts spread northward 
and occupied parts of the coasts of 
soutliern AraViia. We have here, there¬ 
fore, another example of the difficulty 
of demarcating the limits of the Saharo- 
Arabiaii belt eithei’ on natural or on 
human and historical grounds. 

To the south of the Saharan belt, in 
the direction of Sudanese and subequa¬ 
tor ial Africa, the border is even more 
loosely demarcated. We can never focus 
on a line which limits the desert in this 
direction either in the past or in the 
present, d he shift was constant and was 
markt'd not only by major oscillations, 
owing to principal and radical climatic 
cliangcs, imt also by microchanges in 
climate ajid vegetation during short 
cycles or Irom year to year. The border 
area was also traversed in certain parts 
by high lidges which had their effect 
upon local rainfall and vegetation and 
led to curve s and interlocking in vege¬ 
tational zone s. This is clear in the high¬ 
lands of Urdi, Ennedi, Tibesti, and Ilog- 
gar in the ce ntral and western Sahara 
and in the highlands on both sides of 


the Bed Sea. The border area is also 
complicated by the existence of two 
types of river valleys, the one repre¬ 
sented in streams running in an east- 
west direction, such as the Senegal and 
other rivers of the western Sudan, and 
the other represented in the great river 
Nile, which runs persistently from south 
to north. It is remarkable indeed that 
the Nile, whose headwaters lie a few 
hundred kilometers from both the In¬ 
dian Ocean and the Red Sea, persists 
on heading northward for more than 
6,000 kilometers to reach the Mediter¬ 
ranean across the great desert. Strictly 
speaking, this is not what one would 
have expected under regular and nor¬ 
mal conditions of river drainage. But 
the Nile had such a complicated story 
of physiographic evolution that it had 
no alternative but to collect the waters 
of the equatorial and the Abyssinian 
I)lateaus and drain them northward 
across the plains of the Sudan and the 
Libyan Desert toward the Mediterra¬ 
nean. In doing so, it acquired the some¬ 
what paradoxical achievement of run¬ 
ning parallel to one of the arms of the 
Indian Ocean (the Red Sea), separated 
from it by the tilted edge of the so- 
called “Red Sea ranges.” In doing so, it 
also complicated tlie story of vegeta- 
tioiial distribution as well as that of hu¬ 
man adjustment and human life. Not 
only did it represent the cradleland of 
settled life along its course in Egypt 
and the Sudan, but it also represented 
the highway of expanding tribal ele¬ 
ments which fanned out, once they 
were able to cross the desert belt, into 
the savanna plains of the Sudan. This 
was particularly true of the Arab ex¬ 
pansion in the Sudan during the Islamic 
phase. The effects of human movement, 
in one direction or the other during 
various phases of human history along 
the Nile Valley and across the desert 
belt, upon vegetational and animal life 
in the borders of the desert belt are 
still very little known. But we shall at- 
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tempt to review some of them at a later 
stage in this treatise. 

We may well see from this general 
rc'view of the geographical situation of 
the Saharo-Arabian belt in the Old 
World that tlu^ story of its space rela¬ 
tionships in different directions is a 
complicated one. It derives its complex¬ 
ity from both natural conditions in the 
belt and the instability of its climate 
and vegetation through the ages. Tliis 
is perhaps why we find it essential, in 
order to have a proper perspective and 
a proper retrospect of man’s tenure of 
this part of the earth through the corri¬ 
dors of time, to go into some of the 
details of the past climates and vegeta¬ 
tion of the Saharo-Arabian belt. 

A l^I.r-OCKOCHAPHTC RKlTlOSrECT: PAST 
CLl^^lATE, VEGETATION, AND 
HUMAN ACl'IVTTY 

"rhe study of prehistoric activity of 
man over a region like the Saharo- 
Arabian area can best be approached 
through a geographical treatment which 
brings in climatic changes (in the past) 
and their relation to plant, animal, and 
human life. Such a study would .aim at 
treating the culture complexes of the 
past in their projier geographical set¬ 
ting. In trving to reconstruct the geo¬ 
graphical stage of human activity in 
past times, however, we are usually 
forced to employ biogeographical ob¬ 
servations for inferring changes of cli¬ 
mate. But, unfortunately, data relating 
to past climates and drawn from vari¬ 
ous sources are not always compatible 
with each other; and the methods of 
their interpretation by experts are again 
less coherent. There is also the constant 
danger of generalizations and of draw¬ 
ing the same conclusions from .sets of 
data which may be comparable only in 
appearance. For example, the existence 
of sandstones and similar formations 
and that of salts and gypsum may not 
necessarily all correspond to the exist¬ 
ence of desert conditions in the climatic 
sense. This is why it is not always easy 


to draw a picture of the climatic condi¬ 
tions as may be inferred from forma¬ 
tions of the past. Yet we have to depend 
very largely upon physiographic data 
in order to infer the climates of the past 
in this desert region. These data may be 
represented either in the formations 
themselves, their nature and their kind, 
or in the shape which they take. Forma- 
lions existing in these desert areas may 
be indicative cither of dry conditions 
by the presemce of sand dunes and sand 
seas or of wet ones, represented by 
\\’adi terraces, lacustrine beds, or traver¬ 
tines and tufas. The shape which these 
formations may take can also shed light 
upon past climatic features. The orien¬ 
tation of a fossil dune chain may indi¬ 
cate direction of prevailing wind dif- 
fenemt from that of the present day. 
Also, the length and extension of dry 
wadis now dissecting the surface of 
the desert, such as Wadi Tefezzezat in 
the western Sahara or Wadi Tilemsi 
north fif the Niger or such as the many 
irddis hilama (waterless wadis) in the 
deserts of Egypt and Arabia, .should 
give a picture of rainfall and vegetation 
entirely different from that of the pres¬ 
ent day. There are also wind-excavated 
depressions in the desert, such as those 
of Biskra and Faiyum, whose extension 
and shape may be usc'ful as indications 
of the character and strength of the 
wind which excavated them, or at least 
was partlv responsible for their present 
outline and shape. But, apart from these 
physiographic data of paleoclimatologv. 
we have to depend, in the study of past 
geographical conditions in the Sahara 
and Arabia, upon biogeographical evi¬ 
dence—namely, flora and fauna. The 
evidence from flora may be either fossil 
or of the present day. Fossil plants or 
.seeds have been collected from various 
formations and beds in many different 
parts of the Sahara and its fringes. It 
will suffice for our present purpose to 
give a few examples in order to show the 
problems they may raise for the investi¬ 
gator. In the Oasis of Kh^rga, for exam- 
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pic, some plant reiimilis were discovered 
in the second part of the piist century 
and were identified as belonging to the 
evergreen oak {Qucrctis ilex), now liv¬ 
ing in the northern Mediterranean. It 
was then inferred that the Oasis of 
Kharga must have received rainfall 
equivalent to that of the habitat of the 
evergreen oak. New discoveries and 
more recent identifications of these plant 
remains of tJ](‘ Pleistocene of KhArga, 
however, have shown them to belong to 
three varieties of FictiS, which need 
much less rainfall. Another plant dis- 
covei ed in Kharga is a sec^d of a variety 
of date (Phoenix) now living in tropical 
Africa between the Scmegal and Kenya. 
Of course one has to allow for the migra¬ 
tion of this variety across what is now 
forbidding desert. But evidence from 
flora is not limited to fossil species. The 
study of present-day vegetation also 
offers immense possibilities as well as 
problems for the research worker. Let us 
take but one example. The high moun¬ 
tains of Hoggar in the western Sahara 
are covered with v(?g('tation of mixed 
(n igin. There are a few subequatorial or 
equatorial types, a larger number of 
Sudano-Ethiopian varieties, and a num¬ 
ber of Algerian and Mediterranean 
plants. The slopes of these mountains 
may he divided into three zones: 

1. The so-called “suhequaforiaC zone. 
-Lp to 1,700—1,800 meters, with no 

pel inaiK iit vegetation except in the bot¬ 
tom of tlie valleys and on alluvial fans. 
Th(‘ flora is chiefly Sudano-Ethiopian. 
witli some subequatorial types. There 
are also some Saharan species with 
Mec lie: : nscan affinities. 

2. 7/a lotvcr Mediterranean zone — 
Betwetr, !,700-1,800 and 2,300-2,400 
meters w idi only a few Sudano-Ethio- 
pian ty]>j and an increasing number of 
species fio « the Mediterranean, or hav¬ 
ing Medit mean affinities. 

3. I he / h Mediterranean zone.— 
From 2,300 r 2,400 meters to the sum¬ 
mits (3,000 au'ters), with no Sudano- 
Ethiopian typos, and having a number 


of typically Mediterranean plants. This 
zone also has a permanent vegetation of 
steppe (outside the watered areas) 
similar to that on some of the Algerian 
plat('aus. 

All this indicates that the interior of 
the Sahara must have had a higher pre¬ 
cipitation at some recent geological 
period. It was this precipitation which 
made possible the migration of species 
of plants both from the Mediterranean 
southward and from the subequatorial 
belt northward. But we must rcanember 
that the migration of northern types 
would need a relative lowering of the 
temperature, while that of the southern 
ones would need temperatures either 
similar to those' of the present day or at 
least less fluctuating. In other words, 
the researcher in past climates is here 
faced with a problem which touebes 
not only upon the past rainfall in this 
now desert area but also upon past tem¬ 
peratures—their degree and their range 
of variation. 

Faunal evidences from the Sahara 
and Arabia are perhaps somewhat more 
complex in nature and more diversified 
in the problems which they set before 
the rescarcfi worker. There are not only 
land and fresh-water molluscans but 
also fishes and land animals. The mol¬ 
luscans may be much disputed, but 
their evidence, as it stands, is very help¬ 
ful. They not only indicate differences 
in climatic condit’ons but they also 
throw light upon possibilities of wide 
migrations across what are now desert 
stretches. It is true that some of them 
may have migrated through somewhat 
special agencies (such as birds), but 
most of them must have needed a cer¬ 
tain amount of rainfall and vegetation 
in order to spread over the desert. Evi¬ 
dence from truly aquatic species is 
.somewhat more conclusive. The study 
of these species in North Africa and in 
many oasis areas has brought forth 
interesting results. They show the wide 
spread of distinctly palc'arctic types. 
At the same time, however, these mol- 
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luscans were capable of survival in cer¬ 
tain favored spots, like oases, in spite 
of oscillations in water supply. Thus, 
from a study of them, we cannot get 
sufficient detailc'd evidence of violent 
extinctions or migrations during the suc¬ 
cessive phases of the Pleistocc^ne. This, 
however, may not represent more than 
a negative piece of evidence. In other 
words, phases of such extinctions may 
have existed, though they are difficult 
for us to trace. Indeed, the study of 
other types of faunal evidence makes it 
imperative to assume the existence of 
such phases of extinction or migration. 
In this respect, mammalian and other 
fauna offer interesting and valuable evi¬ 
dence. 

Animal remains from the so-called 
“Pluvial Period’" (Upper Plioct'iK' and 
Pleistocene) point to definitely better 
climatic conditions. Although the abun¬ 
dance of ostrich eggs would indicate 
the extension of grasslands, the appear¬ 
ance of the elephant, tlie \\'at(‘rf)uck, 
and the hippopotamus must have; coin¬ 
cided with the existence of running 
streams and fresh-water pools. This is 
also corroborated by the \vid(' migra¬ 
tion of various types of fishes and croco¬ 
diles, some of which survived during 
long periods and even to the present 
day. The migration of all these fauna 
across the desert must have been made 
possible only through better conditions 
of rainfall and running water. The fossil 
fauna of North Africa and the Sahara, 
however, are particularly mixed. There 
are both Eurasiatic and Ethiopian types. 
The research worker must therefore 
assume that migrations of animals into 
the Sahara, either from Eurasia via 
Palestiiib and Sinai or from Sudanese 
and subequatorial Africa, must have 
taken place during varying conditions 
of climate, especially in temperature. It 
is also noted that in North Africa cer¬ 
tain types are found in formations be¬ 
longing to two different stages of the 
Pleistocene, but not in those belonging 
to an intervening stage. For example, a 


number of animals requiring a fairly 
abundant supply of rainfall, and which 
appear earlier in the Pleistocene, skip 
over the Upper Paleolithic phase (Up- 
pcrmo.st Pleistocene) and reappear m 
tliC Neolithic, to disappear again in th«‘ 
post-Neolithic and historical phase‘. 
These include the serval panther, hip 
popotamus, buffalo, and reedbuck. But 
the history of fauna in North Africa is 
still far from being completely known. 
Complementary evidence has been 
forthcoming from Palestine, especially 
from caves. But the evidence of Pales¬ 
tine is again limited chiefly to the Up¬ 
per Pleistocene; and identifications have 
showm that the fauna of this part of 
southwestern Asia were less diversified 
than those of northwestern Africa and 
the Sahara. The interior of Arabia is 
still almost a blank for us in its faunal 
history during Pleistoccaie and recent 
times. Also, the Nile Valley, which 
could have been expected to give us 
valuable data in this respect, has been 
proving singularly poor in well-pre- 
sers^ed faunal remains. It is thought 
that calcification of the formations and 
beds may have been responsible for the 
destruction of such remains and of their 
evidence. Only from the Faiyum de¬ 
pression do we have valuable material; 
hut even in this area most of the evi¬ 
dence redates to the Uppermost Pleisto- 
c t ne and later phases. 

The gist of evidence from faunal re¬ 
mains from different parts of the Sa- 
haro-Arabian belt indicates the very 
great and real need that exists for the 
co-ordination and correlation of data to 
be drawn from fauna, flora, and physio¬ 
graphic evidence. This means that we 
are still in grej^t need of teams of 
workers collaborating with one another 
and trying to check and cross-check 
evidence. 

But there is still another type of evi¬ 
dence with which the paleogeographer 
of this area has to deal, namely, that of 
human stone industries and antiquities. 
During various stages of the Stone Age 
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the Saharo-Anihhin belt phiyt'd a par- 
ticularly iniportiuit role iii the develop¬ 
ment of curly buniiin civilization. Ihe 
remains left by man over practically all 
the desert arc a clear indication to this 
effect. During the Stone Ag<% man was 
not only affected by the prevailing geo¬ 
graphical conditions but lu' also worked 
as a positive agtaicy in Iransiorniing 
certain aspects of his milieu. He roamed 
in groups, in what was at that time open 
and relati\'(‘ly poor grasslands, hunting 
animals and collecting plants. During 
pliases of aridity his existence must 
have heljDcd toward the extinction of 
other species of fauna as well as the cut¬ 
ting-down and burning of scrubs and 
scattered trees for fire. During such 
phases of aridity he also had to limit his 
activity to relatively small areas around 
springs or pools of water. During othc'r 
phases of greater rainfall he must have 
expanded and spread in scattering 
groups. Lat(?r, when he knew how to 
cultivate plants and to tame animals, he 
was ablci to si'ttle in oasc^s and riverine 
areas and to contribute through his 
civilized and constructive actions to¬ 
ward the transformation c;)f certain spots 
on the face of the desert. 

But the study of human relics in 
(k'sert areas during the Stone Age is 
important not only for the tracing of the 
story of human civilization and its dt - 
\ elopment or for the study of man’s de- 
slruetive or constructive activity on the 
faci' of the earth but also for the study 
oJ climatic' oscillations during the Pleis¬ 
tocene and later times. The very fact 
that we find stone implements in areas 
where' tlu re is now no possibility of 
livelihood for man indicates different 
climatic iud vegetational conditions 
frorn thos< of the present day. The flour¬ 
ishing ol stone industry during one 
phase ol th#' Paleolithic and the degen¬ 
eration of that industry during a follow- 
may well be taken as an indi¬ 
cation of the deterioration of living 
conditions as a whole. Also, the wide 
spread of a certain industry over large 


areas of the desert indicates the facility 
of movement which coidd be afforded 
only under favorable conditions of rain¬ 
fall and vegetation, while the concen¬ 
tration of stone industries around segre¬ 
gated favorable spots may well be 
taken as an indication in the opposite 
direction. A comparati\'c^ study of siic- 
ec'ssive human cultures over the Saharo- 
Aiabian area may therefore represent 
a particularly useful source; of informa¬ 
tion for anyone who desires to follow 
tlie history of changes and transforma¬ 
tions in the face of this part of the earth 
as a living stage for man. In this re¬ 
spect, the desert represents an area of 
study much richer and more; rc'imme'ra- 
tive ill results than perhaps any other 
type of environment. 

Let us, for example, compare the 
Saharan belt, on the one hand, with 
the plateau of Kenya and eastern Afri¬ 
ca, on the other. The Sahara was so 
situated as to represent an area of effec¬ 
tive oscillation and fluctuation in rain¬ 
fall during the whole of the Pluvial 
period. It lay between the northern 
latitudes and the Mediterranean, af¬ 
fected by the westerlies and their win¬ 
ter rainfall, on the oik; hand, and the 
Sudan and subequatorial latitudes, 
affected by the sumiiK'r winds and the 
rainy semimonsoons, on the other. The 
Pluvial period coincided with the Ice 
Age, during which there werc^ shifts in 
climatic zones. These shifts wc^rc most 
marked and effective along the Saharan 
belt. The zone of the northern latitudes, 
for example, was eitlier expanded south¬ 
ward or contracted toward the north. 
The subequatorial and Sudanese zc^ne 
was either expanded at the expense of 
the desert belt or compressed between 
this latter and the truly equatorial zone. 
But the dc^sc'rt bc'lt wavS invaded and 
affected on both sides by different agen¬ 
cies of climate and different types of 
flora and fauna. The question does not 
seem to have been simply one of expan¬ 
sion or contraction of the desert belt, 
but rather one of penetration of either 
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Mediterranean oi Sudanese and sub- 
equatorial conditions. We may recall in 
this respect that the prevailing winds 
at present are the dry northerly winds. 
In the western Sahara they shut off the 
southwest semimonsoons coming from 
the Atlantic and prevent them from tak¬ 
ing rainfall beyond the Sudanese belt. 
The south fringes of the desert repre¬ 
sent an area of contest between the dry 
northerlies and the wet winds penetrat¬ 
ing from the south and southwest. It is 
possible to visualize conditions during 
pluvial phases of the Pleistocene. Dur¬ 
ing such phases the depressions of the 
Mediterranean moving from west to east 
must have been more frequent and must 
have traveled along a more southerly 
course than they do at present. Their 
more frequent passage along the south¬ 
ern border of the Mediterranean and 
the northern edges of the desert belt 
must have cut the dry trade winds from 
their roots in the center of high pres¬ 
sure over inner Eurasia. The resulting 
weakening of the dry northerlies of the 
Sahara would lead to an increase in the 
penetrating power of the southerly 
semimonsoons, which could, in that 
case, reach the central massifs of the 
Sahara more frequently and more ef¬ 
fectively than they do today. At the 
same time one must assume that the 
temperature of the northerly winds of 
the Saharan belt during glacial epi¬ 
sodes must have been lower than that 
of the present day. This would make 
them carry cold air masses, which, on 
confronting the warm and moist masses 
of the southerly semimonsoons, would 
help promote condensation and precipi¬ 
tation over the southern parts of the 
desert belt. Thus we may well imagine 
that during pluvial phases the desert 
belt was invaded by moisture and rain¬ 
fall from both sides. 

This double climatic invasion and en¬ 
croachment were followed by a similar 
double penetration of fauna, flora, and 
man from both directions. It is true that 


the invasion was never an excessive one 
and that the increase in precipitation 
and the enrichment of vegetation and 
animal life were always moderate in ex¬ 
tent. However, the fact that this was a 
truly desert belt made any slight change 
in precipitation and vegetation a partic¬ 
ularly effective one. The increase in 
rainfall in a spot like that of the Oasis 
of Kharga in the Libyan Desert of Egyj)t 
may not have exceeded 20 or 25 centi¬ 
meters per year, but this was enough to 
alter the face of the desert and change 
the geographical milieu to make it pos¬ 
sible for man to live and act as a posi¬ 
tive agency. On the other hand, the 
c hange from wet to dry conditions could 
very easily be brought about by any 
small change in rainfall toward aridity. 
A drop in precipitation of 10 or 15 centi¬ 
meters per year would have disastrous 
and far-reaching effects upon vegeta¬ 
tion and animal life and would thus 
lead to large-scale migrations of human 
gro\ips. In certain cases when it would 
not lead to such migrations, it would 
certainly lead either to degeneration of 
culture or to the concentration of hu¬ 
man societies in small and more favor¬ 
able spots such as near-by streams or 
springs. 

Such changes and fluctuations in the 
gc^ographical milieu during the Pluvial 
period in the Saharo-Arabian belt led 
to constantly changing conditions for 
man. Phases of prosperity and rainfall 
would make the desert an open paradise 
for man, where he could roam and de¬ 
velop his stone industricis and widen his 
contacts. Migrating elements from the 
north could mix freely with migrating 
elements from the south. The desert be¬ 
came like a great sponge, seeping 
peoples and cultures from north and 
from south. Later on, when dry condi¬ 
tions began to prevail and the vegeta- 
tional cover of the desert began to be 
destroyed by nature as well as by ani¬ 
mals and man, the desert became 
powerless to support its peoples. They 
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either degenerated or tried desperately 
to adapt themselves to the new condi¬ 
tions. Some oi their communities re¬ 
lapsed into degeneration or were eaten 
away by lumger and deficiency of re¬ 
sources; but some of them would suc¬ 
ceed through adaptations and innova¬ 
tions to meet vaiying and unfavorable 
conditions. This would finally lead to 
technological developments in stone in¬ 
dustries, which would mean the ap¬ 
pearance of a new phase in technolog¬ 
ical sequence. Other groups from the 
desert would perhaps prefer to disperse 
and migrate to adjoining areas such as 
Iberia and western Europe in the north, 
the Sudan, Eritrea, and eastern Africa 
in the south, or the more favorable riv¬ 
erine spots like the Nile Valley or the 
plains of Iraq in the east. There they 
would mix with oldc^r communities and 
would promote culture and civilization 
through the new contacts. Thus, we 
may well sec how the changing geo¬ 
graphical conditions in the Saharo- 
Arabian belt, even during the remote 
Pluvial period, gave a valuable impetus 
for change and development in the hu¬ 
man occupation of the face of the earth. 

This was quite different from condi¬ 
tions prevailing in an area like the high 
plateau of Kenya and eastern Africa. 
This latter area was a high one and was 
so situated as to receive a more con¬ 
stant and regular supply of rainfall. It is 
true that in eastern Africa the study of 
Pleistocene climatology has revealed the 
existt'iui' of a Pluvial period with 
more than one maximum of rainfall. 
That Pluvial period was divided into 
two plinial phases with a dry interval 
in between. Each of the two pluvial 
phases had an oscillating crest of maxi¬ 
mum rairilidl. The Pluvial period as a 
whole was followed by increasingly dry 
conditions, which were interrupted by 
a wetter pLase during Neolithic times. 
But, in spit( of all these oscillations, 
there can be no doubt that the fluctua¬ 
tions were never so great as to affect 


ig the face of the Earth 

vi^gctationalf animal, and human life to 
the same extent as they did along the 
desert belt. During phases of relative 
aridity, plants, animals, and men could 
easily take refuge and find protection 
and means of survival in the many 
favorable spots, such as the tops of 
mountain blocks or the borders of wide 
lakes and water surfaces. Thus the 
change of geographical pattern on the 
plateau of eastern Africa as a whole was 
never deep enough to lead to far-reach¬ 
ing change in human life and industries. 
This is perhaps why the technological 
evolution of stone industries during all 
that phase was more regular in eastern 
Africa perhaps than in any other part of 
the world. The desert, on the other 
hand, was the land of constant change 
and constant need for adaptation. 

IMPIJCATIONS OF THE CHANGES IN 
MILIEU FOB THE RESEARCH WORKER 

The implications for the research 
worker of these changes in the Saharo- 
Arabian area arc even more compli¬ 
cated than may appear at firsthand. The 
complex se(pience of culture and stone 
industries is but a reflection of the com¬ 
plex nature of changes in geographical 
environment. There is, therefore, the 
constant need for correlation of changes 
in climate, in vegetation, in physiogra¬ 
phy, and in human adaptations. No one 
specialist can claim on his own to be 
able to grasp mastery of all these differ¬ 
ent fielcls of study. The desert belt, 
therefore, is an arena where teams of 
workers and specialists must co-operate 
if the story of human life on the chang¬ 
ing face of the desert is to be clearly 
discerned. Such a co-operation needs 
not only training in the field but also 
the special gift on the part of each 
worker to appreciate the value of evi¬ 
dence which others can afford. A sense 
of wide judgment and of balance would 
have to be promoted if any group of 
workers were to achieve any coherent 
results. There have, so far, been certain 



Climate, Vegetation, and Human Adjustment in Sahara-Arabian Belt 313 


results achieved by co-operation of 
small groups of workers in missions sent 
to different parts of the desert belt. But 
the need is still very great for such mis¬ 
sions to explore not only the fringes of 
the desert but also remote parts in its 
heart. Two types of research work are 
needed in this area. There is first the 
fic'ld work to be carried out by missions 
sent to still-unexplored areas. Then 
there is the need for studies of correla¬ 
tion with material obtained from areas 
already better known, such as the Eu¬ 
ropean latitudes or even parts of the 
tropics. In the first type of research a 
number of missions have already car¬ 
ried out most uscTiil work in parts of 
Little Africa, Egyptian oases, and the 
Nile Valley. But the remainder of the 
Sahara is still very little known. What 
is really needed are not those quick- 
moving expeditions which carry out 
general exploration work, collect stone 
implements, or make tracings and pho¬ 
tographs of rock drawings in remote 
areas. Rather do we need more of that 
kind of expedition which would include 
specialists in Pleistocene geology, phys¬ 
iography, paleontology, prehistoric ar¬ 
cheology, and such studies as may con¬ 
tribute to the emergence of a coherent 
picture of past human activity in this 
area. These expeditions should settle 
down in limited areas and carry out in¬ 
tensive, systematic work. Only through 
such a method can we obtain that type 
of reliable and comparable data that 
would help discern the story of man, 
his activities, and his civilizations. As 
for research in correlation with other 
areas to the north and to the south, we 
shall have to depend mostly on theoreti¬ 
cal studies. It is true that, in certain 
cases, one may be able to carry out 
practical field work in correlation. This 
may be possible, for instance, in the 
Nile Valley, where one could follow 
events of climatic oscillations in Ethio¬ 
pia or in eastern Africa and link them 
directly with physiographic events in 


the lower Nile Valley. But this is a very 
special case, in which research work has 
started, though it remains incomplete. 
It was found that at one time the river 
Nile' was made up of three distinct and 
independent river systems—one in Nu¬ 
bia and Egypt, the second in Ethiopia, 
and the third in the Equatorial Plateau. 
The linking-up of these three systems 
and the formation of the river Nile in 
its present shape, however, do not seem 
to go further than the Middle Pleisto¬ 
cene. Thus the possibility of a direct 
link in events is limited chiefly to the 
latter part of the Pluvial period. For any 
correlation covering the whole of the 
period of human occupation of the Sa¬ 
haran belt with events in northern and 
(equatorial latitudes, one would have to 
depend almost entirely on theoretical 
studies and comparisons. Some effort 
has already been mad(^ in this respect, 
and it may be useful to make a brief re¬ 
view of the conclusions already reached. 
This would help bring out the lacunae 
in our knowledge anci the gaps still to 
be filled by future research. 

CORRELATIONS OF CHANGES IN CLIMATE, 
VEGETATION, AND SURFACE 
IN HUMAN TIMES 

If we compare evidences drawn from 
physiographic data, flora, fauna, and 
archeological material, we can draw the 
following picture of climatic oscillations 
in the Saharo-Arabian belt during hu¬ 
man times. The Pluvial period started 
in the Upper Pliocene and continued to 
the end of the Pleistocene. It was di¬ 
vided into two major pluvial phases. 
The First Pluvial was a very long one, 
marked chiefly with the cutting of large 
wadis in the rocks of the surface of 
the deserts, followed in places by the 
sedimentation of huge river terraces. In 
these latter, some early. Lower Paleo¬ 
lithic implements were discovered in 
situ. The details of this First Pluvial 
are not known, though it is almost cer¬ 
tain that it must have had more than 
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one siibniaxiinurn. During part of it the 
climate was marked with a rise in tem- 
perature us well as in prccipitution. 

This First Pluvial continued to the 
end of the Lower Pleistocene and was 
followed by a phase of aridity, marked 
also by crustal movements. The inter- 
pluvial was a short one, but it was very 
effective, not only in extinctions and 
oinigratioiis of plants, animals, and hu¬ 
man groups, but also in the remodeling 
of large areas of the surface of the des¬ 
ert. Wind activity and sand abrasion be- 
eainc^ very strong and effective. Also, 
thermal weathering helped in the same 
direction. As a result, many of the for¬ 
mer features of desert physiognomy be¬ 
came obliterated. Evidence has been in- 


pcnetnited furthermost into the Sahara. 

The Second Pluvial was followed by 
progressive aridity at the close of the 
Pleistocene. This aridity was also 
marked by a continuation of the rela¬ 
tively low temperature which charac¬ 
terized the previous phase. The condi¬ 
tion of aridity, however, was inter- 
rnpted during what we call the “wet 
phase” of Neolithic and later times. But 
the story of this latter phase is of spe¬ 
cial interest, and we shall come back to 
it a little later. 

Thus we may see that the sequence 
of climatic oscillations and of vegeta¬ 
tion al changes connected with it in the 
Saharo-Arabian belt is a fairly simple 
one. To compare it, however, with the 


creasingly forthcoming that many of the 
features in the present-day physiog¬ 
nomy of the Saharan deserts may have 
had their origin during this interval. We 
believe, for example, that such depres¬ 
sions as that of Faiyuin (and perhaps 
that of Biskra) may not have acquired 
their final shape until this dry interval, 
during which further excavation and 
widening of siicli depressions seem to 
ha\'e taken place. But this is still one of 


more complex story that we know from 
western Europe is not at all an easy 
task. In the northern latitudes, where 
the Ice Age existed and coincided with 
the Pluvial period, we know that there 
have been three or four glacial phases— 
namely, those of Giinz, Mindel, Riss, 
and Wiirm in the Alps. They were sep¬ 
arated from one another by interglacial 
phases, of which the one between Min¬ 
del and Riss was very long and was 


(be main points ill which complementary characterized by warm conditions, 
research is needed. There even may be There have been various attempts to 
a possibility of comparing the sequence draw up correlations between the gla- 
ol events in some of the desert depres- cial episodes in Europe and the pluvial 
sions in Africa with that of similar de- ones in Africa. Difficulties arose from 


pr( ssions in other continents. the fact that the number of glacials is 

Alter the interpluvial came the Sec- larger than that of pluvials. There is 
ond Pluvial phase, which corresponded good reason at present, however, to cor- 
to tlu* Upper Pleistocene. It also coin- relate the First Pluvial with most of the 
cided with both Middle and Upper Pa- glacial period until the end of the Riss 
Jeolithie cultures. The Second Pluvial phase. If this be accepted, the Second 
was mucli k ss intensive in precipitation Pluvial would correspond to Wiirm, 
than the First. It was also much shorter v/hich, in Europe, also had two sub- 
hut had af h ast two, or perhaps three, maxima followed by further oscillations 
submaxiina. It was also characterized during the melting of the icecaps. This 
chiefly l)y i relative drop in tempera- correlation is based on the fact that a 
ture, and dur ng this phase there was a glacial phase in Europe should lead to a 
clear immigration of Asiatic fauna southward shift of the climatic zones 
through the Isthmus of Suez. It is also and consequently to pluvial conditions 
very likely that it was during tins Sec- in North Africa and the Sahara. On the 
ond Pluvial (hat Mediterranean flora other hand, an interglacial in Europe 
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could coincide with either pluvial or dry 
conditions in middle latitudes. If the 
interglacial is marked with a rise in 
temperature, this would increase evap- 
cn ation from the seas, would accelerate 
wind circulation and activity, would 
foster the formation of storms due to 
excess of latent heat in the air, and then 
would lead generally to an increase of 
precipitation in all climatic zones. We 
know that the Mindcl-Riss interglacial 
was marked by a rise in temperature, 
not only in the air, but also in the waters 
of the Atlantic and Mediterranean. This 
would mean that such an interglacial 
could well have coincided with pluvial 
c^onditions in the Saharo-Arabian belt. 
On the other hand, the Riss-Wiirm in¬ 
terglacial was marked, at least in its 
middle part, with cool conditions dur¬ 
ing which there was less evaporation, a 
relaxation in air circulation, and a gen¬ 
eral drop in precipitation. As for the 
earliest interglacial, that which sepa- 
lated Glinz from Min del, there was lit¬ 
tle evidence available, though on the 
whole it may have been relatively 
warm. The last interglacial (Mindel- 
Riss) is therefore the only one likely to 
have coincided with a dry interpluvial 
in the Saharo-Arabian belt. But the 
whole of the question of correlation of 
past climates still remains a primarily 
theoretical one; and added research is 
still to be looked for. 

POST-PLEISTOCKNE CHANGES IN GEO¬ 
GRAPHICAL ENVIRONMENT AND 
HUMAN ADAPTATIONS 

If we may now pass on from the Pleis¬ 
tocene phase in the Saharo-Arabian belt 
to the Recent geological phase, we find 
the story of changes in geographical en¬ 
vironment and human adaptations 
largely preserving the same character 
that we have been trying to trace in the 
Pleistocene. The desert belt remained 
as the scene of intense changes and 
wide repercussions in the relation of 
man to his milieu. As usual, changes al¬ 


ways started with the climatic cycle, had 
their direct efFect in the general physi¬ 
ognomy and vegetational cover of the 
desert, and finished in human adjust¬ 
ments to the new conditions. In sonu^ 
cases, however, man was instrumental 
in the change. He destroyed vegetation 
and was, in turn, responsible for the on¬ 
set of denudation and aridity. Until re¬ 
cent years it was generally assumed 
that the Neolithic stage in human civ¬ 
ilization was marked by desiccation and 
aridity. It w^as assumed that this desic¬ 
cation forced both animals and men to 
migrate from the open desert to settle 
down in riverine plains and oases. This 
led to a rapprochement between man 
and animal, which finally ended in the 
domestication of the relatively tame 
types of animals. It is also suggested 
that, when man was forced to concen¬ 
trate upon and settle down in the well- 
watered spots, he gradually learned how 
to plant cereals. In other words, this 
gave rise to agriculture. More recent re¬ 
search, however, threw increasing doubt 
upon this relatively simple sequence of 
events. Evidence has been forthcoming 
that the dry interval which followed 
upon the Upper Paleolithic at the close 
of the Pluvial period was interrupted 
by the renewal of relatively wet condi¬ 
tions in the very early Neolithic. In 
other words, it was the Mesolithic stage 
which was characterized by aridity and 
degeneration in the stone industry. The 
pre-Neolithic and the Neolithic were 
characterized, on the other hand, not by 
the onset of the crisis, but rather by its 
relaxation and the renewal of relatively 
wet, though not truly pluvial, condi¬ 
tions. 

Traces of the Neolithic occupation by 
man of many widely dispersed areas 
and spots in the Saharo-Arabian belt 
have been forthcoming during the last 
thirty years or more. By the sides of 
rivers and around springs and water- 
spots in oases, man cultivated the land, 
raised the domesticated animals, and 
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settled down in small groups of huts 
and, in some cases, in villages proper. 
The date of such occupation may be 
difficult to fix, though in Egypt, for ex¬ 
ample, it has been fixed at about 5200 
B.c. or a little after. The changes in en¬ 
vironment as a result of this occupa¬ 
tion were far-reaching, especially in 
areas where cultivation depended most¬ 
ly on irrigation. The increase in precipi¬ 
tation was enough for cultivation only 
in limited areas, such as the slopes of 
mountains or favorably located areas, 
either near the coast of the Mediterra¬ 
nean or on the borders of Ethiopia and 
Sudanese Africa. More than one theory 
has been put forward as to how and 
where cultivation started. It would be 
superfluous to go into the details of 
these theories, though it may be useful 
to mention a few points about the lower 
Nile Valley, on the one hand, and the 
slopes of Ethiopia and Mount Hermon 
in Syria, on the other. We know that 
man cultivated both barley and wheat 
in Egypt as early as the close of the 
sixth millennium b.c. The variety of bar¬ 
ley cultivated at that time was not much 
different from that of the present day. 
This may indicate that it was probably 
growing in the wild state in northeast¬ 
ern Africa, where it had been already 
domesticated for some time, and under 
similar conditions. It may, indeed, be 
inferred that man may have started do- 
ine\sticating barley even earlier than the 
5200 B.c. date suggested above. As to 
wheat, it was probably introduced from 
witlioiit, most likely from southwestern 
Asia. 

The question of how cultivation be¬ 
came known in the lower Nile Valley is 
also interesting to discuss. Some of the 
ideas pi it forward seem fantastic. It is 
very lik( ]y, however, that cultivation 
became known in this valley in a very 
normal and gradual way. We know that 
the Nile flood reaches Egypt in late 
summer and t'arly autumn. It covers the 
flood plain and enriches it with silt, pro¬ 


pitious for the cultivation of win¬ 
ter plants. The waters of the Nile sub¬ 
side exactly at the time suitable for the 
planting and growth of winter plants 
such as barley and wheat, and we may 
imagine that seeds could easily have 
been blown by wind from the adjoining 
plateau—at that time receiving slightly 
higher winter rainfall. All sorts of vege¬ 
table growth would cover the edges of 
the valley and delta immediately after 
the subsidence of the floods, and fishing 
and hunting groups may have marked 
and guarded them until the reaping 
season. This was admittedly not culti¬ 
vation in the strict sense; but It repre¬ 
sented a spontaneous and evolutionary 
progress toward cultivation proper. 
Such a suggestion would appeal more 
to reason because it averts the necessity 
of a sudden "invention” of agriculture 
as may be assumed by most current the¬ 
ories on the subject of how cultivation 
was first known. We may add that na¬ 
ture itself was very propitious for the 
growth of winter plants in the lower 
Nile Valley. After the subsidence of the 
floods the season of winter rainfall be¬ 
gins, which at that time was enough to 
foster the growth and maturing of both 
barley and wheat. Both these plants 
reach maturity with the close of spring, 
when the winter rainfall begins to cease. 
The role of man during the early stages 
of the development of agriculture may 
have been rather to take a complemen¬ 
tary part in the natural process of wild 
growth, especially by guarding the ma¬ 
turing plant against wild game and 
birds. Gradually, through the observa¬ 
tion of nature, man learned that he 
could take a more positive part in this 
process. In the same way we prefer to 
think that most of the domesticated ani¬ 
mals may have been first kept in cap¬ 
tivity before the idea of domestication 
proper was evolved. Gradually man be¬ 
came the tamer, in this desert area and 
its borders in Asia and Africa, of such 
animals as cattle, sheep, and asses. 



Climale, V('gelation, and Ilnntan AdjusUnent in Saharo-Arrd^iati Belt oT 


Ethiopia and the horn of eastern Af¬ 
rica together with the borders of the 
Sudan may have been another area of 
easy cultivation and domestication. We 
have mentioned already that barley may 
have originally been a northeastern Af¬ 
rican plant; but we may also add that 
certain varieties of millet must have 
been first domesticated and cultivated 
either in Sudanese Africa or on the bor¬ 
ders of Ethiopia. It is possible also that 
the zebu variety of cattle may have first 
been domesticated in eastern Africa. All 
these points, however, still require fur¬ 
ther research. 

As for the cultivation of wheat, it is 
very likely that it first started in west¬ 
ern Asia. The plateau extending from 
Anatolia to Afghanistan must have been 
the scene of selection of wild wheat 
plants from which man made his first 
domestications. The region of Mount 
Hermon and its vicinity must have 
played a particularly important role in 
the development of early cultivation. In 
these parts of Syria there are areas 
where soil derived from disintegrating 
volcanic material, such as in the region 
of Hauran, was particularly propitious 
for the growth of wheat. This soil keeps 
the moisture derived from winter rains 
and feeds the wheat grasses right 
through their season of growth. But the 
story of early cultivation in the Middle 
East is too wide for us to deal with in 
any detail. 

In the African Sahara a relatively wet 
phase relieved the crisis of aridity which 
marked the Mesolithic stage of culture. 
The so-called “Neolithic wet phase’' 
started about the middle of the sixth 
millennium b.c. and continued for about 
three thousand years before it ga\ e way 
to gradual desiccation during the his¬ 
toric phase. Rainfall over the Saharan 
belt was certainly not consistent, but 
there were more frequent storms to pro¬ 
vide vegetational life enough for roam¬ 
ing animals and migrating groups of 
men. Traces of Neolithic culture have 


been found in scattered spots in the Su¬ 
danese Sahara, on the borders of the 
deserts of Morocco and Algeria, in some 
spots on the tops of the high moun¬ 
tains of the central Sahara, as well as 
even in certain spots and oases of the 
relatively dry Libyan deserts of Egypt. 
The pattern of the desert Neolithic cul¬ 
ture was relatively poor and less coher¬ 
ent than we find in the Nile Valley it¬ 
self. But there is sufficient evidence to 
show that the desert was not a forbid¬ 
ding area for cultural contacts to take 
place. We even have evidence of such 
contacts between the desert borders of 
the western Sudan and some of the 
oases of Egypt. These relations were 
partly coincident with early Chalco- 
lithic cultures in Egypt. 

One aspect which would be interest¬ 
ing for us to trace, and which would 
throw light upon the changes that took 
place in the fauna and flora of the des¬ 
ert during this phase of human occupa¬ 
tion, is represented in the rock drawings 
and paintings of the desert. These have 
been discovered in a large number of 
localities, mostly rock shelters in the 
central Sahara, the Uweinat massif, and 
other blocks in both the Saharan and 
the Egyptian deserts. Unfortunately, the 
question of dating these drawings is not 
easy to settle, as they have never been 
found in undoubted association with 
stone implements or other remains that 
may help to date them. Apart, however, 
from the historic drawings, the fauna 
include a wide variety of elephant, rhi¬ 
noceros, lion, panther, girafiFe, antelope, 
African cattle, African ram, ostrich, etc. 
In certain cases there are signs either of 
domestication or of semidoinestication, 
which give indication of the Neolithic 
or even post-Neolithic date of these 
rock drawings. Accurate dating still 
needs further research, but it may be 
rightly inferred from the wdde distribu¬ 
tion of this culture and the variety of 
animal groups it represents that the des¬ 
ert must have enjoyed at that time a 
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richer covering of vegetatiojh It was 
this which made it possible for human 
groups to roam about the deserts ex¬ 
tending between the hills of the Red 
Sea and the slopes of the Atlas and to 
draw pictures of animals which they 
hunted or attempted to domesticate. 
The vcgetational growth must have 
cojitiniK'd tlirongJi the (Narly historic 
phase, because we know that, later on, 
pharaonic influences seem to have be¬ 
come marked in some of the drawings 
of the Algf'rian Sahara—an indication 
of continued movements and contacts 
across what were still unforbidding 
tracts of desert. The Neolithic and early 


belt, starting from about the middle of 
the sixth millennium b.c. and continu¬ 
ing for some time, is still one of the in¬ 
teresting subjects for students of paleo- 
climatology and ancient fauna and Bora 
of the deserts. The changes which took 
place in the vegetation al cover of the 
deserts, first due to the rather sudden 
onset of this wet phase, and later due 
to its gradual and oscillating ending, 
should be of particular interest to paleo- 
geographers. They affected not only the 
aspect of the natural environment but 
also the activity of man during this very 
interesting phase of the human cultural 
development. 


historic phase, therefore, was a period 

of relatively wet conditions and renewal chan(;es during historicai. times 

ill the vegetation and fauna of the Sa- Mention must be made of the changes 

haran belt. There are indirect evidences in climate and vegetation and their ef- 


from Egypt that this phase was also feet upon human activity in the Saharo- 
marked in its earlier parts by a relative Arabian belt during historical times. 


rise in temperature. In a limited way. Evidence has been forthcoming that the 
therefore, it reminds us of what hap- onset of aridity after the so-called "Neo- 
pened during the warm interglacial lithic wet phase” was a very gradual 
v.hich took place between the Mindel one. This is manifested by the presence' 
and the Riss glacial phases. The small and activity of man in many parts of 


rise in temperature increased evapora- desert areas during early historic times, 
tion, fostered storm activity due to more The general tendency among students 
latent heat in the air, and also acceler- of past historical climates is to assume 
ated air circulation on the whole. The that aridity in its present form and ex- 
desert belt, therefore, may have re- tent does not go much beyond the early 
ceived more moisture and torrential centuries of the Christian Era. It is even 


storms (though varying in intensity thought that the desert belt in Africa 
from one place to another). It is inter- and Asia did not reach its present-day 
esting to note that this so-called "Neo- aridity until about the third or even the 
lithic wet phase” had its equivalent in sixth century a.d. The question of cli- 
Abyssinia and East Africa, where it is matic desiccation in historic times, how- 
called the “Makalian wet phase.” Dur- ever, remains still a very vexing one. 
ing this phase the Nile was characterized The dispute between the two schools of 
by exceptionally high floods which took changeability and non-changeability of 
place innuediately before the beginning climate during historic times becomes 
of the Ne olithic and continued for some more complicated when we think of the 
time, though subsiding gradually dur- fact that, even if we admit the gradual 
ing the pivdynastic phase. It is very desiccation, it is always necessary to as- 
likely that tliis warm-wet phase may sume the existence of oscillations lead- 
have coineidt'd with the so-called “cli- ing to more and more dry conditions, 
matic optiiniun phase” of northwestern Also, such changes must have been very 
Europe. But tlie story of the so-called minute in their extent; and evidence re- 
Neolithic wet phase” of the Saharan lating directly to a decrease and oscilla- 
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tion in rainfall was often perplexed by 
evidence of migrations of tribal ele¬ 
ments due to purely political reasons. 
Furthermore, we must rernernber that 
in certain areas like northern Arabia or 
the mountain blocks of the interior Sa¬ 
hara, the cutting of woodlands and the 
destruction of vegetational cover must 
have been in itself an important factor 
in promoting aiidity and aggravating its 
aftereffect. There is always the danger, 
however, of running into a vicious cir¬ 
cle by considering the gradual disap¬ 
pearance of the vegetational cover and 
of many of the wild animals in Arabia 
and the Sahara as an indication of the 
onset of drier conditions while at the 
same time attributing the aggravation 
of aridity to deforestation by cutting 
woodlands and scrubs for fuel and other 
purposes. 

In dealing with this still unsettled 
question of relatively recent climatic 
changes, archeological evidence may be 
of particular value. Roman cisterns 
found on the Mediterranean coast of 
Egypt west of Alexandria and in sev¬ 
eral places on the edge of the Syrian 
Desert are not fully examined or even 
properly known. Their abundance and 
the large capacity of some of them may 
be taken as a sign of greater precipita¬ 
tion of rainfall at that time. In the des¬ 
ert east of the Jordan there is some evi¬ 
dence that the underground water level, 
which is ultimately affected by the sup¬ 
ply of rainfall, has fallen by 2 meters 
since Roman times. Other and perhaps 
more conclusive evidence comes from 
such remote parts of Arabia as the high¬ 
lands of Yemen. There we know that 
the earlier historic civilizations were es¬ 
tablished on the lower step of the table 
land, that of the Yemen Jauf, lying at 
about 1,000 meters elevation. Gradu¬ 
ally, the ancient Minaeans and Sabae- 
ans shifted their capitals to the higher 
slopes of Yemen until, finally, the capi¬ 
tal was transferred to San‘a at some 
2,200 meters. Also, if we trace the an¬ 


cient cisterns of the Sabaeans and Him- 
yarites in Yemen, we find that invari¬ 
ably they were situated on the crests 
of hills rather than in collecting ba¬ 
sins, where we find the present-day cis¬ 
terns. At present, the ancient cisterns 
are never more than partly filled with 
water, while the low-lying new ones are 
usually filled to the rim. It is evident, 
however, that precipitation and runoff 
on the crests of hills must have at oiKi 
time been enough to fill these Sabaean 
and Ilimyarite cisterns (ca. 1000 b.c.- 
A.D. 500) with water. In North Africa 
and the interior of the Sahara archeo¬ 
logical evidence is still lacking, but the 
abundance of remains in many of the 
desolate areas may be taken as an indi¬ 
cation of the somewhat more favorable 
climate lasting until Roman times. 
There is still, however, a very clear 
need for research on those ruins of the 
western Sahara as well as on traces of 
early and undated habitations on the 
Sudanese border of the western Sahara. 

The story of climatic oscillations is 
still of some interest even in the study 
of prerent-day conditions. Certain stud¬ 
ies have been carried out in the desert 
border of Nigeria, where it is thought 
that there is an encroachment of the des¬ 
ert upon the scrubland. Such an en¬ 
croachment has also been studied in the 
case of oases, where cultivated areas 
have been either abandoned or covered 
by sand. In the region of Lake Mariut 
in Egypt, statistical data within the last 
sixty or eighty years has shown an os¬ 
cillation of rainfall with what may per¬ 
haps give a slight indication of progres¬ 
sive aridity. Such studies, however, re¬ 
main very inconclusive, and it is diflS- 
cult to say whether this very recent 
aridity represents a steady factor or 
whether it is but an ebb in the oscilla¬ 
tion of rainfall, to be followed by a new 
increase. The frequent annual changes 
showm by the records from Mariut 
make it difficult to draw any definite 
conclusions from them. As for inland 
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oases, it Ijas been found that the dig¬ 
ging of new W(']]s often feuds to the 
seeping of wutei from the old wells to 
the new ojk^s. TbuSy with the increase 
of wells in the same oasis, old wells may 
even diy up, and the' fit'lds around them 
would be abandoned. Tliis has been 
noted not only in Kgypt but also in 
parts of southern Algeria. The question 
of present-day progressive aridity, 
therefore, cannot be easily settled. The 
likelihood is that the desert borders in 
the north and in the south are exposed 
to oscillating encroachment of truly des¬ 
ert conditions due to cyclic and tempo¬ 
rary oscillations in rainfall. The nature 
of these cycles remains to be studied in 
the future. 

CONCLUDING REMARKS 

From this broad study of the changes 
in climate, vegetation, surface, and hu¬ 
man adjustments in the Saharo-Arabian 
belt, with special reference to Africa, 
the following broad conclusions may be 
Jr awn. 


feats upon the iiiilieii in which man 
lived and acted. The need was constant, 
therefore, for change's in human adjust¬ 
ment to the ever changing scene of hu¬ 
man activity. Consequcmtly, the Saharo- 
Arabian belt was never the scene for 
any stagnant industry or civilization 
during the whole of the Stone Age. If 
we remember that this latter covered 
by far the greatest portion of human 
history upon the earth, we would easily 
realize and appreciate the role of this 
Saharan belt in the evolution of human 
civilization. This was the scene of con¬ 
stant change and development. 

3. The story of man in this belt was 
always closely connected with his story 
in the bordering margins. During the 
whole of Pleistocene times, the Saharan 
belt was like a big sponge, which during 
jdiases of rainfall attracted groups of 
migrating people both from Eurasia and 
from Sudanese and eastern Africa. Dur¬ 
ing phases of aridity the big sponge 
squeezed its population out in both di¬ 
rections. 


1. The Saharo-Arabian belt of desert 4. The question of space relationships 

and semidesert represents an area of between the desert belt and its border- 
very special value for the students of ing areas to the north, to the east, and 
past changes in climate, vegetation, and to the south should also be a particular- 
human activity and adjustment. Per- ly interesting one to students of paleo- 
haps in no other area of the world have geography. It is true that evidence is no 
such changes been so violent, far-reach- longer tenable of the existence of land 
ing, or effective. The amount of change bridges across Gibraltar or the strait of 
in actual precipitation during the so- Sicily since late Pliocene times; but 
called Pluvial Period” and down to the water was no real obstacle in the face 
pres( nt day was not very great. But the of expanding men, especially across Gi- 
fact that tins region is a desert makes braltar. The Isthmus of Suez was fitted 
any perceptible change in precipitation with natural conditions which made mi- 
mc)st effective upon both vegetation and grations easy between Asia and Africa, 
animal life. jgab el Mandeb was never really an ef- 

2. rh(‘ reflection of this change upon fective obstacle. The borders of the Sa- 
the story yi man in this area was a very hara to the south were open ones. Thus 
pronoimc ed one. We must imagine that, space relationships on all sides fostered 
even during the phases of maxima of interaction and contacts. Co-operation 
raintall, climatic conditions in this area must, therefore, be complete between 
must always have been unstable in char- research workers studying the desert 
acter. In other words, micro-oscillations core and those working upon changes 
m pluviosity must have had their ef- and adjustments in bordering areas. 
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Introduction to the Subsistence 
Economy of India 


E. K. JANAKI AMMAL® 


THE INDIAN SUBCONTINENT 

To examine the subsistence economy 
of India, it is first necessary to know 
the background history of the peoples 
who constitute the population of India 
and the relationship of these peoples 
witli one another and with their en¬ 
vironment. To do this, let us recall the 
physical aspect of India. 

The subcontinent of India is com- 
pos(*d of three well-defined regions: 
Peninsular India, the Himalayas, and 
the Indo-Gangetic Plain. 

Peninsular India is geologically a 
very old land, being, perhaps, a pla- 

® Dr. Janaki Animal is Director of the Cen¬ 
tral Botanical Laboratory of the Government 
of India, at present located in Lucknow. After 
graduating in Honors at the University of 
Madras, she continued her postgraduate stud¬ 
ies at the University of Michigan and received 
the Doctor of Science degree in 1931. On re¬ 
turning to India, she was appointed a pro¬ 
fessor of botany at the University of Madras, 
ihr career has been devoted to genetical 
stuciir;. She was the sugar-cane geneticist of 
the ta-ntral Agricultural Department of India 
and coi;(riInited to the understanding of the 
breeding behavior of sugar cane. Later she ex¬ 
tended ii^'r work on the origin and evolution of 
cultivaj< ti plants. The Chromosome Atlas of 
Cultivaifd Plants, which she co-authored with 
Dr. C. D. Darlington, has become one of the 
great sourc'cs for cytological work on the eco¬ 
nomic }>laT)ts of the world. She is a Fellow of 
the LinTiacivn Society of London, the Royal Geo¬ 
graphical Society, the Asiatic Society of Ben¬ 
gal and l.oiidon, and the Indian Academy of 
Sciences. An honorary he gum Doctoris was 
bestowed on her in 1955 by the University 
of Michigan. 


te^au fragment of the anci(int continent 
of Gondwana, the breakiiig-up of which 
may have given rise to Australia, South 
America, and Africa. This disintegra¬ 
tion having occurred after flowering 
plants had evolved on the earth, the 
flora of India has many genera in com¬ 
mon with Africa, South America, and, 
to a lesser extent, Australia. Among 
common plants of economic value may 
be mentioned rice, cotton, sorghum, 
arnaranthus, yams, and many species 
of the smaller millets. In this breaking- 
up of a mighty continent, fissures were 
formed through which series of lava 
flows reached thicknesses of up to 10,- 
000 feet and covered an area of over 
200,000 square miles. The region in 
which this occurred, known as the Dec- 
can trap, covers Kathiawar, Cutch, 
Madhya Bharat, Gujarat, and Hydera¬ 
bad. It is characterized by its fertile, 
black, cotton soil, rich in calcium, mag¬ 
nesium carbonates, potash, and phos¬ 
phates. 

The Himalayas arose from the bed 
of the great Mesozoic sea Tethys, which 
Once separated Gondwana from Eur¬ 
asia and through which the warm cur¬ 
rents of the Indian Ocean had found 
their way to western Europe. Along 
the shores of Tethys the palm Nipa 
grew at a period when species of Mag¬ 
nolia, Artocarpus, and Cinnamomum 
were flourishing in Greenland and 
Spitzbergen. 

The Himalayan thrust, from north to 
south, resulted in the formation of a 
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trough 15,000 feet deep, in which the 
alluvium of the great rivers has been 
accumulating. From this has developed 
the third major landform region of In¬ 
dia, the Indo-Gangetic Plain, compris¬ 
ing 300,000 square miles of fertile land 
into which have poured from the north 
and northwest, in spite of the barrier 
of the lofty Himalayas, wave upon 
wave of human migrations. It is difficult 
to say what the original flora of the 
Gangetic Plain was like. Quite probably 
it never supported a dense forest flora 
but grew from swamp and grasslands 
which could support both pastoral and 
agricultural economies. The flora of the 
Gangetic Plain today is mainly com¬ 
posed of plants that havc^ been intro¬ 
duced from surrounding areas. The 
plain has been the seat of human activ¬ 
ity for such a long time that it is im¬ 
possible today to see any vestige of 
virgin vegetation. 

From this brief desciiptiiui we can 
see that India became part of Asia as 
a result of the Himalayan uplift. Like 
Arabia, it was an annexation to Asia. It 
is possible that the evolution of man 
will be found to be very closely linked 
with this annexation. The close affinity 
between the flora and fauna of Sind 
and that of Africa and Arabia, the con¬ 
tinuation of the Sahara into India as 
the Great Rajputana Desert, and the 
movement of this desert from west to 
east are factors that have to be taken 
into consideration when studying the 
movement of primitive man into India 
and within India. 

The Ice Age of Europe and northern 
Asia has been studied very exhaustive¬ 
ly in its relation to the evolution of 
man. In India the changes between in¬ 
terglacial and glacial periods have not 
been well examined. It is known that, 
while the ice was confined to the gla¬ 
ciers of the high mountains. Peninsular 
India was undergoing several pluvial 
periods corresponding to the advance 
and receding of ice in the north. The 


presence of temperate Himalayan 
plants on isolated hill ranges of south¬ 
ern India is indicative of their migra¬ 
tion during periods when the climate 
of southern India was cooler and wet¬ 
ter than it is today. A most remarkable 
feature was noted by Blanford (1879) 
—“the occurrence on the Nilgiris and 
Anamalai ranges of a wild goat, Capra 
Hypocrius, belonging to a subgenus of 
which the only known species, Capra 
Jccrnlaica, inhabits temperate regions 
of the Himalayas from Kashmir to Bhu¬ 
tan.’’ Viburnum and Rhododendrons 
species of the Nilgiris examined by me 
are identical with those of the Hima¬ 
layas (Janaki Ammal, 1952). 

MAN IN INDIA 

Man, being a naked animal, must 
liave arisen in a tropical or subtropical 
country. It is impossible to say when 
men first appeared on the subcontinent 
of India. 

Northwestern India was a great 
breeding place of anthropoid apes dur¬ 
ing the Tertiary period, judging from 
the great numbers of fossils reported 
from the Siwalik formation. According 
to Wadia (1953), at least fifteen gen¬ 
era have been found. 

Australoids are found today in the 
Andamans, Madagascar, Indochina, 
Phrmosa, Philippines, and Ceylon. 
They are also found scattered over 
Peninsular India, where, as food-gath¬ 
erers, they derive their subsistence by 
hunting and by the digging of roots. 
According to Majumdar (1947), Paleo¬ 
lithic people occupied Peninsular India 
first and then drifted north to the Schan 
Valley of the Punjab. 

The proto-Dravidians must have 
evolved in India as segregates from the 
Australoid type. This southern element 
is to be found not only in India but 
also as far west as Baluchistan and 
southern Arabia (Coon, 1939). 

The megalithic culture of India is 
very similar to that of the Mediterra- 
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nean. The Indus civilizafioi ilic third 
millenniurn, typiBed in Mi>hcnjo-D.iro 
culture, is probably pine Dravidian. 
After the Indus culture came the Aryan 
invasion, believed to have orif^inated 
from southern Russia, perhaps from a 
temporary invasion center near Lake 
Aral, beginning between 1500 and 1400 
B.c. The Bronze Age Aryans brought 
with them their dairy and cattle cul¬ 
ture, which gradually fused with the 
mainly agricultural culture of pre-Ar¬ 
yan India. 

The ancient Aryans, who were prac¬ 
tically patriarchal, met the strongly 
matriarchal Dravidian peoples of India 
somewhere in the Punjab, and inter¬ 
mingling of the two peoples resulted in 
the present hybrid Aryo-Dravidian 
population of the Indo-Gangetic Val- 
fey. This process of fusion is still in 
progress farther south, where the vedic 
Nanibudiri Brahman, supposedly of Ar¬ 
yan stock, takes a Dravidian wife from 
the matriarchal people of Malabar. The 
children born from such a union be- 


thc Face of the Earth 

were generally the Dravidian people. 

In India today, caste is neither func¬ 
tional nor genetic. It essentially deBnes 
a mating and eating group, chiefly the 
hitter. Having been a Quid institution, 
it became rigid during the British oc¬ 
cupation. The tendency during the last 
century has been toward multiplication 
of caste divisions, so much so that any¬ 
one who disbelieved in caste created a 
new caste. Except the peoples of north¬ 
western India and the vedic Nambu- 
diris of Malabar, who have rigidly kept 
to their mating systems, there are no 
pure Indo-Aryans in India today; the 
bulk of the population of northern In¬ 
dia is Aryo-Dravidian; Mongoloid types 
are found in Bengal, Assam, and Bihar; 
and Dravidians, proto-Dravidians, and 
Asio-Australoids form the bulk of the 
population of Peninsular India. The lat¬ 
ter is the best region for analysis of the 
subsistence economy of the many primi¬ 
tive tribes of India, for Paleolithic and 
Neolithic cultures still are to be found 
there. 


long to the matriarchal family of the 

mother. A pure line of Nambudiris is genesis of tribal economies 

maintained by the eldest son’s marry- Of India’s total population of 360,- 
ing a Nambudiri woman. 000,000, tribal people number about 

The highly developed Dravidian cul- 25,000,000 (see Fig. 90). Many of them 
ture, together with its gods, Shiva and inhabit the fringe of civilized areas and 
Vishnu, and the cult of the mother- are now being gradually assimilated 
goddess, was assimilated into the sira- into the populations of Hindu culture, 
pic nature and clan cults of the Aryans Tribal peoples must have formed a 
to result in what is known as Hindu considerable part of the population of 
culture. This is a synthesis of all types India during ancient and medieval 
of thought which have originated or times, yet the jungle tribes now found 
have been introduced since man ex- scattered over southern India can never 
isted in India. have been very numerous, and it was 

The main social feature of Hinduism only the first efforts of food production 
is its ac t }>tance of caste, or color (uctr- that paved the way to a settled life and 
na). Cas{c was at first a genetic classi- resulted in gradual increase of popula- 
ficatioii hy the Aryans of the hybrid tion. 
progeny of Aryans and Dravidians. The 

Aryans hrfore their invasion had only Qualities of Primitives 
Aree castes which were functional~the Primitive man must have devoted 
IWests, the Fighters, and the Artisans, more time and expended more energy 
The Sudras, or Dasyus, who formed the in securing a food supply than does 
fourth class in Aryan nomenclature, civilized man. To understand the eco- 
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riomics of primitive people, vi^e must 
understand that, in their minds, all as¬ 
pects of life arc harmonized into a 
wdiole. This is due to the long mutual 
adaptation of mental and institutional 
life. Primitive ec onomy is nearly static 
and remains so unless it comes into 
contact with a different cnltuie, where¬ 
upon there first is conflict, then disin¬ 
tegration or assimilation. For the abo¬ 
rigine, every natural proc ess is a mani¬ 
festation of magical power. He tries to 
insure success through the exercise of 


certain ritual acts by which this magi¬ 
cal power is evoked. Magic is thus a 
way of organizing intemsive economic 
results; it is a \^ay of concentration. 
For example, in Malabar, the man who 
sovv'^s seed has to remain celibate din- 
\i\g the period of sowing. M^^st religions 
fasts among Hindus have a similar ag¬ 
ricultural motivation. 

Just as the origin of new forms in 
plants and animals is brought about by 
hybridization, resulting in new com¬ 
binations of parental characters (as 



Fig. 90 .—India: tribal distribution 
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well Bs by isolation in which mutation¬ 
al changes may occur), so also different 
peoples and cultures arise out of the 
old by contact and fusion. For example, 
cattle-keeping evolved from hunting. In 
North America, whole communities 
used to follow a particular herd of buf¬ 
falo upon which they owed their de¬ 
pendence and with which they felt 
themselves mystically united (Thurn- 
wald, 1932). Once a measure of con¬ 
trol over the herd is secured, the herd 
gradually becomes domesticated. The 
union between man and cattle then be¬ 
comes even more intimate, as is seen 
among the Todas of the Nilgiri HiUs, 
whose culture is bound up with their 
buflFalo herds. The size of a Toda com¬ 
munity formerly was determined by the 
herd that could support it, and female 
infanticide commonly was practiced, 
since, among the Todas, women were 


this was also done by women. Where 
women regularly provided food, de¬ 
scent is mainly matrilineal, as among 
the Khasis of Assam, while in pastoral 
communities, where the herds are 
tended and kept by men and woman s 
part is secondary, descent is patrilineal, 
as with the Todas. In understanding 
economic patterns this has to be taken 
into account. 

TYPES OF PRIMITIVE AGRICULTURE 

DiflFerent stages in the development 
of agriculture have to be studied be¬ 
fore the tribes who practice them can 
be classified in terms of their econo¬ 
mies. The earliest type of subsistence 
economy was that of the food-gather¬ 
ers, who used the digging stick. This 
tool first was made of wood, as among 
the Paniyars of Wyanaad, then tipped 
with iron, as with the Kadars of the 


not of much use in herding. 

The inordinate reverence paid to 
cows in India, especially on the Gan¬ 
ged c Plain, is undoubtedly a relic of 
this mystic relationship of an earlier 
pastoral people with their herds of cat¬ 
tle. So strong is this primitive tie be¬ 
tween man and cow in India that in the 
Code of Manu killing a cow was con¬ 
sidered more heinous than killing a 
Brahman. Today, cow protection is a 
political issue in India. It is highly 
probable that the antagonism of the 
Hindus to beef-eaters is based chiefly 
on this ancient mystic link with the 
cow. Where this complex did not pene¬ 
trate, people are today more tolerant of 
people \\ ho eat beef. This is so in north- 


Anamalai Hills. The hoe, probably at 
first a stone attached to a stick, fol¬ 
lowed the digging stick. The next stage 
was the simple plow, at first drawn by 
women. The use of oxen for plowing 
indicates a synthesis of a cattle-keep¬ 
ing tribe with one having an agricul¬ 
tural economy. The ox-drawn plow was 
a great landmark in the history of ag¬ 
riculture and human culture, for it 
made possible the production of a 
greater quantity of food than was nec- 
es.sary for mere subsistence. 

In India, tribal peoples still practice 
all these stages in the development of 
agriculture. The digging stick of the 
Kadars has been mentioned. The matri¬ 
archal Khasis of Assam are still in the 


ern Malabar, where the descendants of stage of hoe cultivation and do not use 
Arabs aval of Hindus live side by side the plow. In Malabar the people of the 
in matriiatbnl amity. plains generally use the plow, while 


. . , those of the hills are still hoe cultiva- 

gricu IOC find Sex Gonds of central India seem 


Some iuM tutions in early primitive to have differentiated into two types 
life were a< ociated with members of (Singh, 1944). The more primitive hill 
only one st Food-gathering, for ex- Gonds, who are trappers and hunters, 
ample, was chiefly the duty of women, practice shifting cultivation by setting 
When food-growing later developed, fire to the forest and scattering seeds in 
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tlie ashes, while the Gonds of the plains 
are agriculturists who have mixed with 
Hindus and learned to use the ox- 
drawn plow. It is said that, when rain 
fails, the latter “harness nude girls to 
the plough that they draw bleeding un¬ 
der the spur of the goad’’ (Mukerjee, 
1944). Such a reversion during times of 
stress to an ancient practice identifies 
the fertility of the soil with the fertility 
of women. Today, for example, the 
Khasis transfer women’s fertility to the 
fields by a slow-moving dance (Nong¬ 
krem) by young girls who perform an¬ 
nually in the open fields. The sanctity 
of the cow among plow agriculturists 
derives from its replaeing women as 
drawers of the plow; in India the cow 
is still designated as “Mother.” By ex¬ 
tension, cattle are considered holy in 
India among both pastoral and agricul¬ 
tural peoples. 

Increase of population can make one 
tribe impinge on another’s reserve and 
can thus lead to conflict and disaster. 
The upland migration of the fast-mul¬ 
tiplying and aggressive Syrian Chris¬ 
tians of Travancore and Cochin into 
Wyanaad has had a profound effect on 
the tribal people there. The Paniyars 
find their jungles under the plow of 
new settlers, and a tribe that once was 
independent in its habitat has now be¬ 
come “depressed,” and its whole econ¬ 
omy has been changed. The Kadars of 
Cochin, who once roamed the forests 
in search of honey, yams, and roots, are 
now under the care of the Forest De¬ 
partment and are paid in rice for col¬ 
lecting minor forest products. Their 
women, who were once food-hunters, 
have ceased to dig for roots, have taken 
to a life of idleness, and are fast becom¬ 
ing degenerate. Thus the “noble sav¬ 
age” in contact with civilization gener¬ 
ally finds himself in an awkward state. 

The changing subsistence economies 
of tribes have been well described by 
one of India’s leading anthropologists. 


Dr. D. N. Majumdar (1950), with refer¬ 
ence to the Hos: 

Primitive social groups are aptly called 
food groups, for the size of the groups de¬ 
pends to a large extent on the mode of 
food supply. Each stage of culture has its 
peculiar solution of the problem of num¬ 
bers in relation to food supply, the mode 
of subsistence determining the social or¬ 
ganisation of the group. Any increase in 
numbers must keep pace with the im¬ 
provements in the technique of food pro¬ 
duction, as otherwise, there is every chance 
of destroying the social stability which is 
the pivot of economic progress. There has 
been a tremendous change in the economic 
environment of primitive tribes in India. 
Hunting tribes have given up hunting. The 
semi-nomadic tribes who lived on fruits 
and roots and occasional jhuming of their 
forest clad environment, have become per¬ 
manent cultivators. Some have no land and 
are eking out their miserable existence as 
labourers in the village, and in the neigh¬ 
bouring industrial centres. Consequently 
many of the customs and practises that 
were necessary at an earlier stage have be¬ 
come useless, and therefore meaningless to 
their cultural life. With the restriction of 
the large areas of forest, over which the 
Hos were used to roam, and the resulting 
diminution in the supply of food, a change 
in diet among the Hos was called for. But 
they have yet failed to respond to the 
needs of the hour, as we shall find below. 

The gradual increase in number among 
the Hos without any corresponding in¬ 
crease in the food resources, or improvement 
in the technique of food production, has 
lowered the standard of comfort, and many 
of their present troubles are traceable to this 
deficiency. Their vitality and the splendid 
co-operative organisation for exploiting the 
natural resources of their physical environ¬ 
ment (to which competent authorities have 
given unstinted testimony) have suffered 
much. 

There are many factors that restrict 
the life of primitive peoples. Since "wild 
products collected oy women do not 
provide suitable food for children, the 
time of nursing is prolonged, and the 
interval between births is thus greater 
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in India among primitive people than 
among urban dwellers. One of the chief 
causes for the great rise in India s pop¬ 
ulation is the urbanization of its rural 
population. The effects at a nomadic 
life, the hunting of dangerous animals, 
and fishing in the ocean also are great 
checks on the growth of tribal popula¬ 
tion. 

AciucoiyroRK IN Ri<:r,AaK)N 
TO CLIMATE 

India is part of the monsoon region 
of the world, and its vegetation is very 
much influenced by the amount and 
seasonal distribution of rainfall re- 
co'ived. Idiese factors again are reflected 
in the type of agricultural economies 
of the 2 ^eoples occupying the region. 
The vegetative climax of India is the 
dense and tall tropical evergreen forest, 
found on the Western Ghats and in 
Assam, where the total annual rainfall 
averages well over 100 inches. Semi¬ 
evergreen forests, adjacent to the ever¬ 
green forests, are of lesser density, and 
there man has had a better chance of 
subduing the vegetation. Food-gather¬ 
ers are found living in little groups in 
open places. Here, also, primitive agri¬ 
culture in the tropics must have 
(wolved. Jhuming, or shifting cultiva¬ 
tion, by burning and by scattering 
seeds in the ash, is the only type of 
agriculture practiced in the region. 

The most highly evolved type of 
jhinniug is seen in Assam, where a reg¬ 
ular rotation of forest clearing takes 
place once every eight years, so that 
suffici(nt time elapses for regeneration 
of the forest. It is apparent that this 
continual cutting has its effect, for the 
flora that come up after clearance are 
not always the same as those previously 
destroyed. 

The pi actice of declaring part of the 
forests s fc red has done a great deal to 
keep thr vegetation unchanged. The 
sacred i\>rests belong to local chiefs or 
tribal village communities and repre¬ 


sent what may be called natures pri¬ 
meval forests. People do not dare to cut 
the trees for fear of disturbing spirits. 
Hence these forests comprise rich stores 
of botanical specimens which have be¬ 
come extinct in other parts of Assam. 
Sacred forests are also a feature of Mal¬ 
abar, where they are known as kavus. 
They serve as sanctuaries for snakes 
and wild life and often become the nu¬ 
clei of sylvan temples. 

Shifting cultivation is generally prac¬ 
ticed in hilly tracts where the rainfall 
is fairly high. As man becomes more 
sedentary, he reaches an equilibrium 
with his environment. This is best seen 
in Malabar, where mixed plantings 
(paramba) follow jJiuining. C^learing 
is only partial, and useful trees are pre¬ 
served either for timber or firewood or 
for the growing of pepper and other 
vines. Among trees kept uncut are spe¬ 
cies of Artocarpus and the wild mango, 
nutmeg, Strychnos, and Cycas. Ginger, 
turmeric, yams, bananas, and tapioca 
are grown between trees which are 
pruned annually. Around the houses 
garden vegetables are also grown. Low¬ 
lands are set aside for rice cultivation. 
This paramba form of cultivation is 
characteristic of the west coast of In¬ 
dia. It does not upset the ecological 
balance of the natural vegetation, and 
a variety of useful plants is grown si¬ 
multaneously the year round. Each pa¬ 
ramba is a self-contained economic unit. 

In the Gangetic Valley the type of 
agriculture varies with the annual rains. 
Tills area is the great grain belt of In¬ 
dia, where rice, wheat, and barley are 
grown (Figs. 91-93). Wheat and barley 
are confined to the northern part, while 
rice is intensively grown chiefly in Ben¬ 
gal, Assam, Bihar, and on the deltas 
of Peninsular India. There are two well- 
marked cropping seasons known as 
kharify or summer-rain season, and 
rabi, or winter-rain season. Kharif 
crops, sown at the commencement of 
the southwest, or summer, monsoon 
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and harvested in autumn, are rice, 
maize, millets, cotton, hemp, sugar 
cane, tobacco, groundnuts, jute, castor 
seed, and sesamum. The principal rabi 
crops are wheat, barley, grams, peas, 
beans, potatoes, linseed, and mustard; 
they are sown in autumn and harvested 
in spring. Together these form the cash 
crops of India. As more and more land 
is being given to these crops, the sub¬ 
sistence economy of the inhabitants 
changes. 

Low productivity has been the most 


serious deficiency in India’s agricultural 
practices. One of the chief causes of 
low production is the uncertainty of 
rainfall. A weak monsoon results in 
famine; a too heavy one, in flood. The 
control of river waters for irrigation 
and the storage of excess water in tanks 
have been features of agriculture in In 
dia from ancient times. Though tlu' 
acreage under crops is great, the yield 
per acre is very low. With an expand¬ 
ing population, more and more land 
yielding less and less comes under the 



Fig. 91.~Iinportant crops of India: wheat, maize, pearl millet, rice 
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nvt_ yc^r inai smensis, asparagus bean; Amaranthus 

m food supply. paniculatus^maxanth; Solarium mel- 

PLANTs AND MAN IN INDIA oTigenc, eggplant; Raphunus caudatus. 

The region including India, Pakistan, rat-tailed radish; Colocasia antiquorum, 
and the surrounding countries of Af- taro yam; Cucumis sativus, cucumber; 
ghanistan and Iran has been the center Mangifera indica, mango; Gossypium 
of origin of many cultivated plants arboreum, tree cotton; Corchorus olito- 
(Vavilov, 1935). Among these, the fol- ritis, jute; Cannabis indica, hemp; Piper 
lowing arc classed as typically of Indian nigrum, pepper; Acacia arabica, gum 



Fig. 92.—Important crops of India: barley, sugar cane, sorghum, tobacco 
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arabic; Indigofera tinctoria, indigo of sterile and consequently stoneless 
(Darlington and Janaki Ammal, 1945). forms is immediately noted by wild 
Many economic plants, like banana tribes which collect and grow them 
and rice, were domesticated simultane- near their huts. In Assam it is possible 
ously at various places in Southeast to see the gradation from seed to seed- 
Asia, where many species are recorded, less varieties in the local wild form. 
The wild banana with its stony fruit Cultivation of the world s food crops 
must have attracted, as it still attracts, has centered around the great cereals— 
primitive tribes. Evolution of the wild wheat, rice, and maize. Combining with 
banana into cultivated forms has been one or more of these are plants of 
been through the chance development great local or regional importance. For 
of sterile forms produced either by hy- example, the coconut is the predomi- 
bridity or by triploidy. The occurrence nant tree along the west coast of India, 



Fig. 93.—Important crops of India: jute, cotton, coffee-tea, oilseeds 
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and all parts of the tree are used by 
man as food or for domestic uses and 
rituals. 

Primitive tribes make considerable 
use of the Caryota palm, found scat¬ 
tered in the forests; they use the leaves 
for thatching and the starch in the pith 
as food. The digging sticks of the Pani- 
yars in Wyanaacl are made of the outer 
hard rind of Caryota tirrns. Two other 
palms, Borasstis and the wild date 
Phoenix sylvesfris, also play an impor¬ 
tant part in the subsistence economy of 
tribal peoples. Sugar is made from the 
sap of both palms, while the leaves are 


used for thatching and for basketmak¬ 
ing. A plant of great significance to the 
tribals of Peninsular India is the mahua 
tree, Madhuca latifoba, the flowers of 
which are collected by Conds, Hos, 
and other Munda tribes and eaten dried 
or fermented into a liquor. The seeds 
contain oil which is used for lamps. 
The fruit of Ctjcas circinaUs, which is 
rich in starch, is eaten by both the 
tribal and the peasant papulation of 
Malabar. Its leaves are used for thatch¬ 
ing and as an evergreen decoration 
during festive occasions. 
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The. (Quality i>f l^tnd Use of 
Tropical Cultivators 

PIERRE COUROU° 


INTHODUCTION 

What art! tlie limits of our domain, 
the warm and rainy tropics? The aver¬ 
age of the coldest month does not de¬ 
scend below 18° C.; the yearly total of 
rainfall is grc'ater than 750 millimeters; 
agriculture is possible without irriga¬ 
tion. Tht'se limits are quite controver¬ 
sial, and we are not disposed to insist 
that they are the best. They seem rea¬ 
sonably good and differ little from other 
limits that could be proposed. 

The continental area within the 
above limits is about 38,000,000 square 
kilometers—a notable portion of the 
emerged continents and an even more 
notable portion of the valuable area of 
these continents if we think of how 
much is cold desert and dry. The tropi¬ 
cal rainy world covers a little more than 
one-third of the non-dcsert areas of the 
emerged earth. At first sight, it seems 
that the rainy tropical world is poorly 
utilized and that the intensity of tropi¬ 
cal land use is below the world average. 
It secTus that the rainy tropical world 
ofltas gToat possibilities of agricultural 
c.\p*msion a?jd that minds disturbed by 

® Dr. (, Miron is Professor of Tropical Geoj^- 
raphy id hr College de France, Paris, atid 
Director ; tlic Institute of Geography of the 
Universiu Brussels, Belgium. He has con¬ 
ducted - nsive field work in Indochina, 
central ^ i, a, Madagascar, and Brazil. His 
principal f nblications include: L.es Paysans 
dti DcUii * aikinois, 1936; L/Utilisation du sol 
en Indo^ iioic jrangaise, 1940; I^cs Pays tro~ 
picaxix, 1917: :ind VAsie, 1953. 


the quick increase of the world’s popu¬ 
lation may therefore rest easy (Gourou, 
1947b). 

There are many approaches to the 
quality of land use of tropical cultiva¬ 
tors: the extent of cultivated areas in 
the tropical world, physical conditions 
of tropical agriculture, outputs of the 
tropical fields, productivity of the indi¬ 
vidual tropical cultivator, density of the 
agricultural population in the total area, 
density of the agricultural population 
ill the effectively cultivated area, vari¬ 
ous agricultural techniques, and length 
of fallowing. One approach, however, 
must be forbidden: to explain tropical 
agriculture (or tropical agricultures ) by 
a simple determinism, in defiance of the 
results of observation. 

The agricultural potentiality of an 
area whose climate is not hostile to ag¬ 
riculture stems only in part from the 
physical conditions of this area; it de¬ 
pends, too, and most importantly, on 
the techniques used, the number of in¬ 
habitants, the level of consumption, the 
duration of the soil’s occupancy, and 
the nearness and the accessibility of 
markets. Unavoidably, there are many 
diflFerent kinds of tropical agriculture. 

Is it useful to present general views 
on agriculture in the tropical world as 
a whole? Tropical Asia counts 8,000,000 
square kilometers and 650,000,000 peo¬ 
ple. The remainder of the tropical world, 
however, has only 190,000,000 inhabit¬ 
ants for 30,000,000 square kilometers. 
It is clear that populations of such dif- 
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lerent densities cannot receive the same 
treatment. Within tropical Africa there 
is a remarkable unevenness of density. 
Large areas of the Sudan, the Congo 
Basin, and the Congo-Zarnbezi plateaus 
have from 2 to 3 inhabitants per square 
kilometer. On the other hand, dense 
concentrations of population appear in 
Hausaland, in Mossiland, in Iboland, in 
Ruanda-Urundi (and most generally in 
the area between the lakes Tanganyika, 
Albert, and Victoria), and on the south¬ 
ern slopes of Mount Kilimanjaro. It is 
impossible to explain this unevenness 
by hasty reference to the “soil’s fertil¬ 
ity” or to the “altitude’s healthfulness”; 
for example, the Ibo of Nigeria live in 
a lowland not especially fertile. The 
same observations apply to the Mossi 
and the Hausa. A deeper explanation 
gives first importance to production 
techniques (especially to the agricul¬ 
tural techniques) and to the systems of 
organization of space (social and polit¬ 
ical organization) making possible con¬ 
trol of long duration over large and ex¬ 
panding areas. The human geography 
of the tropical world is not simple even 
in Africa! 

SMALLNKSS OF THE CULTIVATED AREAS 
AND HEAVINESS OF THE AGRI¬ 
CULTURAL DENSITIES 

One fact is striking: the areas actu¬ 
ally under cultivation are small in the 
tropical world. By “areas actually under 
cultivation,” we mean those which bear 
cultivated plants in the course of the 
year; fallows are excluded. Official sta¬ 
tistics may be employed, though they 
are difficult to use. Brazil has 188,000 
square kilometers actually cultivated 
out of a total area of 8,500,000 square 
kilometers; that is, 2 per cent of the 
total area. The agricultural density of 
Brazil (total number of inhabitants, ur¬ 
ban and rural, reported for the culti¬ 
vated area) is 250 inhabitants on a cul¬ 
tivated square kilometer. The Belgian 
Congo has an actually cultivated area 
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of 25,000 square kilometers (1 per cent 
of its total area); the agricultural den¬ 
sity is about 400 persons on a culti¬ 
vated square kilometer (Gourou, 1951). 
India has an actually cultivated area of 
930,000 square kilometers (30 per cent 
of its total area); the agricultural den¬ 
sity is 360 (Gourou, 1953a, pp. 392^ 
403). 

These few examples, which we could 
easily multiply, teach some important 
facts. Large differences exist in the per¬ 
centages of cultivation of the total areas, 
yet in a country as highly populated as 
India the actually cultivated area rises 
only to the modest limit of 30 per cent 
of the total area—a very low percentage 
for a country evidently affected by a 
liunger for cultivated fields. Three 
things require explanation: the uneven¬ 
ness of the percentages of cultivation, 
the general smallness of the cultivation 
percentages, and the heaviness of the 
agricultural densities. Since, in the three 
countries examined, rural population is 
predominant, heaviness of agricultural 
density is a heaviness of peasant den¬ 
sity on the area actually cultivated. 

The general smallness of the percent¬ 
ages of cultivation is explained partly 
by physical conditions. For example, 
we may assume that in India 30 per 
cent of the total area is a maximum for 
the total cultivable area; in a country 
of ancient history, high civilization, and 
high density of population (general, ag¬ 
ricultural, peasant densities), it is prob¬ 
able that all the cultivable land is actu¬ 
ally under plow. Present efforts of In¬ 
dian authorities are oriented not toward 
a large extension of the cultivated area 
but toward an intensification of agricul¬ 
tural processes (first by the transforma¬ 
tion of dry fields into irrigated fields). 
But why this low cultivation of 30 per 
cent? The answer lies not with a respect 
on the part of Indian peasants for for 
ests or in the necessity of great pastures 
for large herds (in fact, Indian oxen and 
buffaloes are pastured only on the 
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strictly unarablc areas). Ihe answer is 
a physical one: Indian auTienltnie has 
reached the nmxinuiiii oi cultivated 
area. Seventy per cent of India is un- 
cultivahle because of the dryness of cli- 
imite, the sieepiK'ss ol .slopes, and the 
outcropping of rocks or hiierite. 

But what a difference among the 
actually cultivated areas in India (30 
per cent), BrayJI (2 per cent), and the 
Belgian (Jongo (1 per ('eiit)! True, nat¬ 
ural (onditions partially explain this 
diiferencc'. Kecent alluvial plains cover 
a far larger part of the total area in 
India than in Jirazil or in the Belgian 
C.'ongo. But the natural advantages of 
India are not large enough to account 
for the whede difference. We must 
consider the general densities of popu¬ 
lation: 6 inhabitants on a square kilo¬ 
meter of total area in Brazil, 5 in the Bel¬ 
gian Congo, and 130 in India. Inequali¬ 
ties in general densities of population 
mean differences in agricultural tech- 
niejues, in the organization of space, and 
in history. India for a long time has 
been a country of high civilization; the 
agricultural techniques, especially that 
of inundating rice fields, and the social 
and political organization allowed an 
increase in population (and the capital¬ 
ization of the increases) and an exten¬ 
sion of the permanently cultivated area 
(and the consolidation of the expansion 
in cultivated areas). 

Heaviness of agricultural densities 
(250 pn sejuare kilometer in Brazil, 400 
in tlu‘ Ik'lgian Congo, and 360 in India) 
and h ivincss of peasant density mean 
a low ndividual productivity and low 
kw't ls n{ onsumption for the peasant 
populati: i. These facts result from hu¬ 
man he I rs and express the economic 
value (»j the agricultural techniques. 
JIenc(' w understand why the differ¬ 
ences ai, !ig the general densities in 
Brazil, t; l^elgian Congo, and India 
are bonn t to substantial differences 
in the agiio Ifural (and peasant) densi- 
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ties but to differences in the percent¬ 
ages of the actually cultivated areas. 

THE "LADANG 

In Africa, America, and New Guinea, 
shifting cultivation (ladang) is the pri¬ 
mary source of vegetal foods; agricul¬ 
turalists clear a portion of forest or 
savanna, burn the dried vegetation, 
make holes with a stick and put in 
various grains, weed or do not weed, 
jnotect the cultivated plants from wild 
animals, and reap. The cleared field 
may be abandoned after a single harvest 
or after two or three. Then it is permit¬ 
ted to lie fallow long enough for vege¬ 
tation to increase so as to restore the 
soiks humus content and to produce a 
good quantity of ashes. A fallow of fif¬ 
teen to twenty-five years appears ration¬ 
al. The Uiclang gives only a weak basis 
to human societies; such agriculture 
j^recludcs a high density of population, 
since only a small part of the arable 
area is productive at any one time. An 
increasing population necessitates an 
(‘xtension of the cultivated area, a short¬ 
ening of the fallow period, then the pro¬ 
gressive ruin of the soils, and, after 
some delay, the inability of the popu¬ 
lation to continue to subsist in its an¬ 
cestral home. Without technical innova¬ 
tions (manuring, irrigation, etc.), fields 
will not be able to support the increase 
of population; disasters surely will 
occur, It is often supposed that some 
process of this sort would explain some 
of the migrations and the decay of 
Mayan civilization. The Maya, endowed 
with the attributes of a superior civiliza¬ 
tion in respect to intellectual and polit¬ 
ical matters, had no agricultural tech¬ 
nique other than the "milpa,’’ that is to 
say, ladang. Such an agriculture in the 
end could not support the increasing 
population correlative with remarkable 
social and political institutions. 

Are physical conditions responsible 
for the ladang, so widely practiced 
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throughout the tropical world? More 
precisely, does the poverty of tropical 
soils (or of a very great percentage of 
tropical soils), owing to their weak re¬ 
sistance to h'aching and erosion, favor 
ladang more than other agricultural 
systems? 

In order to understand this problem, 
we propose to give examples which 
prove that there is nothing that requires 
Jadang to be ihe agricultural technique 
in the tropical world. As with all agri¬ 
cultural techniques, ladling is the ex¬ 
pression of a civilizational level and not 
the result of any inescapable physical 
constraint. Our first example concerns 
the Lala of Northern Rhodesia (Pceters, 
1950). This tribe practices a particular 
system of ladang, the chitcmcnc system, 
which for the Lala is even more ele¬ 
mentary than the same practice of the 
neighboring Bemba (Richards, 1939). 
The Northern Rhodesian plateau has a 
very poor sandy soil, which bears a light 
forest of sparse and low trees. A Lala 
family clears each year about 7 hec¬ 
tares of this forest; the trees are 
chopped down, and then all the vegetal 
material is piled up in round heaps and 
the whole is burned. The area covered 
by the ashes is 50 arcs (of the 7 hec¬ 
tares cleared).^ Eleusine, the cereal 
comprising the essential ])art of the 
food supply, is sown exclusively on 
these 50 ares. Since the eleusine har¬ 
vested is able to feed 6.7 persons during 
one year; since the total area utilized 
under the chitemene system is only 60 
per cent of the total area of the country 
(40 per cent being too steep, of rocky 
outcrops, or of fluvial beds); since the 
field cleared is cultivated only one year; 
and, since the fallow lasts twenty-two 
years, the agricultural system of the 
Lala is able to support, durably, some 
2.6 persons per square kilometer. 

Here is a well-linked whole, it seems: 
(1) very poor tropical soils, compelling 
the gathering onto a small part of the 
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cleared area of the woody products of 
the entire clearing; (2) an elementary 
agricultural tcchni(|ue, which utilizes 
no tool except the ax; (3) very low 
density of population; and (4) a low 
\cvc\ of consumption. Howewer, nothing 
in this harmony is inevitable. The chitr- 
mcnc system utilizes only the soils of 
the plateau, which are very poor and 
often suffer from dryness. The swampy 
depressions, which have richc'r soils 
and are better supplied witli water, arc* 
unused or very weakly used. The Lala 
do not possess agricultural technic pies 
permitting them to benefit from these 
damlio^ probably the best parts of their 
land, and the most valuable as the basis 
of a permanent and intensive agricul¬ 
ture. The dnmho comprise 5 per cent of 
the total area and would assure a culti¬ 
vated area more extensive than the 
minute fields of the chitcmcnc system. 

MADAGASCAR 

A part of the population of Madagas¬ 
car still practices ladang, here termed 
lavtj (pronounced ‘‘tav”). The culti¬ 
vators clear secondary vegetation (sa- 
voka. ])ronounced “savouk”), harvest 
once or twice, then allow the field to 
return to secondary vegetation. The 
favtj system has destroyed nearly all the 
forests of the island. Tavij supports only 
a scattered population, unstable, of low 
economic level. In contrast, other in¬ 
habitants of Madagascar make inun¬ 
dated rice fields. Why so large a differ¬ 
ence in agricultural techniques? To an¬ 
swer this question, we shall rapidly de¬ 
scribe the Merina and Betsileo lands. 
These are the most densely inhabited 
jmrts of Madagascar; population densi¬ 
ties vary between 30 and 100 iidiabi- 
tants per square kilometer, while the 
general average of Madagascar is only 
6.5 per square kilometer. 

Do the Merina and Betsileo regions 
have exceptionally beneficial natural 
conditions? Not at all. A visit there and 
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an exaniiiiation of tli(‘ cwrUcnt Jiiaps mournful solitude of the steppes. In 
available, coverint^ a large part of the addition, peasants sometimes cut 
Merina and Betsiieo homelands,^ show watered rice terraces on the lowest 


that roughly 90-95 per cent is (Kcupied 
by hills and plateaus bearing a very 
poor lateritic clay. On this clay grows a 
sparse steppe of scattered tufts of Aris- 
tida, which fire ravishes annually. Agri¬ 
culture is impossible on the poor soils 
of the steppe—very poor lands, it would 
seem at first glance. However, these 
regions contain the most numerous 
populations of Madagascar. Merina and 
Betsiieo peasants make inundated rice 
fields, evidently of Asiatic inspiration 
(but of ancient Asiatic inspiration, since 
until the twentieth century they ignored 
the plow and tilled the rice fields only 
by hoeing and by the stamping of 
oxen). The surface able to support in¬ 
undated rice fields is very minute; on 
several maps” it is shown not to exceed 
3 or 4 per cent of the total area. The 
crystalline pre-Cambrian rocks which 
c onstitute the high plateaus of Mada¬ 
gascar are dissected by a network of 
narrow valleys with flat bottoms. The 
waters filtering through the thick 
weathered soils covering the crystalline 
rocks reappear in the valley bottoms 
and cause the formation of narrow rib¬ 
bons of swamps, sometimes not exceed¬ 
ing 20 meters in width. If the peat de¬ 
veloped in the swamps is destroyed by 
drainage and fire, the valley bottoms 
air f.norable to the creation of inun¬ 
date *<! lice fields. The bright green of 
the \ oniig plants in the narrow strips of 
inuiidated rice fields contra.sts with the 
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slopes. Since the peasant density is at 
least 4 persons per hectare of inundated 
riceland, it suffices that 4 per cent of a 
square kilometer (i.e., 4 hectares) be 
cultivated in inundated rice to give to 
this square kilometer a peasant density 
of 16 inhabitants per square kilometer. 
If the area of the rice field, in excep¬ 
tional topographical conditions, reaches 
10 per cent of the square kilometer, the 
peasant density rises to 40. 

Thus, although the crystalline pla¬ 
teaus of Madagascar boar soils as poor 
as the soils of Lala country in Northern 
Rhodesia, the inundated rice-field tech¬ 
nique feeds in Madagascar a much 
more numerous population. From the 
same point of view, Mysore, India., 
shows, on some parts of its ancient 
crystalline plateaus, populations which 
exceed 100 inhabitants per square 
kilometer of total area. Large rice fields 
are inundated from a remarkable net¬ 
work of artificial tanks or re.servoirs. 

THE LAND OF BELEM 

The land of Bel^m is situated in 
Brazil, to the east of the Pard River and 
to the north of the Guama River 
(Gourou, 1949). This area of 21,000 
square kilometers is notable for its rela¬ 
tively high density of population. The 
average density was 14.4 inhabitants 
per square kilometer in 1940, excluding 
the town of Beldm do Pard. The average 
density of both the remainder of the 
stgte of Pard and all the state of Ama¬ 
zonas was 0.28 inhabitant per square 
kilometer. In Amazonia one may find 
many areas of several thousand square 
kilometers each altogether without in¬ 
habitants. 

On the low terraces which occupy 
the largest part of the land of Belem, 
the rural population practices an agri¬ 
culture of a traditional kind which finds 
its origin in the Indian past. But today 
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this agriculture is not only a subsistence 
agriculture but also a commercial agri¬ 
culture, producing all the products nec¬ 
essary to the market o£ the city of 
Belem. The cassava (Portuguese inan- 
dioca)y which is the basis for farinha, 
the principal food, is cultivated under 
the roga system, the same techniqia'. as 
ladang. Since the rural population is 
relatively large, and since it has to sup¬ 
ply the great market of the city of 
Belem (with farinha and also with char¬ 
coal), the land of Belem has been en¬ 
tirely cleared of its primary forest, and 
all the vegetation is secondary. Fre- 
(piently the fallow is not prolonged be¬ 
yond five years. Moreover, Portuguese 
colonization began in the seventeenth 
century, taking on a more intensive 
rhythm in the eighteenth century (with 
immigration of Azorians). Tlicn in the 
nineteenth century the rubber boom 
and catastrophie droughts in northeast¬ 
ern Brazil resulted in a heavy coloniza¬ 
tion by Cearenses. 

Under sueh conditions, and without 
fertilizer, soils rapidly wear out. It is 
conceivable that the output of cassava 
will be so reduced within a few decades 
that the food supply of town and coun- 
tiy will present a problem. However, 
the remedy lies near at hand. Experi¬ 
ments by the Instituto Agronomico do 
Norte in the vicinity of the city of 
Belem reveal that the flooded areas of 
the igarapS (valleys with flat bottoms, 
dissecting the terraces of the land of 
Belem) of the experimental station pro¬ 
duce without manure, on 1 hectare, 
4,000 kilograms of paddy, or 1,500 kilo¬ 
grams of jute fibers. The future of the 
land of BeI6m resides in the soils now 
being flooded by the tides (which, on 
the southern shore, move only fresh 
waters). The necessary condition of 
progress lies in the shifting of fields 
from the valley-top terraces to the bot¬ 
tom of the valleys and in the adoption 
of hydraulic techniques and collective 
works allowing for the utilization of the 


best soils, neglected until now. Hk* 
higher soils will not be useless; they 
will have a commercial value as tree 
plantations producing rubber, cacao, 
oil palm, and so on. 

It is interesting to compare the land 
of Belem and the island of Marajo, 
which is to the west of the Para River. 
Marajo, largely similar to the land of 
Belem, is not an expansion of modern 
deltaic alluvium. It has large terraces 
of leached soils. Today these terraces 
are utilized as pastures for cattle. The 
density of population on Marajo Island 
is 3 inhabitants per square kilometer. 
Archeological evidence reveals that be¬ 
fore European discovery Maraj6 Island 
was as notable for its relatively high 
level of civilization as for its large num¬ 
ber of inhabitants. Great mounds give 
evidence of large public works and of 
an elaborate social and political organ¬ 
ization. Fine pieces of pottery indicate 
that the Marajo people were soeially 
stratified. It is logical (though hypo¬ 
thetical) to imagine that the Marajo 
23eople were too numerous for their 
agricultural technique; practicing only 
shifting cultivation, the Marajo people 
were unable to insure a permanent food 
jnoduction for the long run. Deteriora¬ 
tion of the people and of their civiliza¬ 
tion was the end of the disharmony 
among the political, demographic, and 
artistic aspects and the agricultural 
technique of the Marajo civilization. 
Such decline was not an unavoidable 
result of poor soils. With inundated 
cultivation and with manuring, the 
Marajo people would not have been 
the victims of soil exhaustion (if such 
a cause was responsible for the deca¬ 
dence of the Marajd people). 

RUANDA-TJRUNDI 

Ruanda-Urundi, with agricultural 
techniques less refined than those of 
Asia, has a demographic evolution that 
generates problems similar to those in 
India or Java. A surface of 21,000 square 
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kilometers has nn avcnige density of 
135 inhabitants per square kilometer, 
and in the ‘"Territoire oL liuhcngeri, 
ior example, the general density reaches 
166 inhabitants per square kilometer of 
total area. The agricultural density is 
893 inhabitants per cultivated square 
kilometer (Goiirou, 1953h). Of the total 
area, 42 per cent is eflectively culti¬ 
vated. This percentage is remarkably 
high, given the gix'atly incised relief of 
tlie country, where differences of 1,000 
mett'rs frequently occur between sum¬ 
mits and valley floors. Several collines 
(‘Tiills’')—as the townships are called— 
liave a general density higher than 400 
inhabitants per square kilometer. The 
high general density has been possible 
by ext(^nsiori of the cultivated area. The 
agricultural techniques are, unfortu¬ 
nately, only a little l3etter than letdang. 
Mile production per hectare and per 
i iiltivator is very low, though men and 
women devote a great deal of work to 
the fields. The high density of popula¬ 
tion of Ruanda-Urundi is consequently 
not the result of advanced techniques; 
it results from local political circum¬ 
stances and from history. From the six¬ 
teenth or seventeenth century, the 
Ruanda and the Urundi had a strong 
system of government; hereditary mon¬ 
archies with relatively efficient adminis¬ 
trations gave to Ruanda-Urundi a pro- 
U'c tion against external dangers and the 
pnssiljility of capitalizing on the annual 
iiK u use of population. 

M Ih' situation suggests a population 
sla*j,e intermediate between the human 
geoL’r. oiiies of Negro Africa and tropi¬ 
cal \ > I Such a development is full of 
dangetv as we saw for the land of 
Belern. One possible partial remedy 
would inundated rice fields, as in 
Madaga ir. Such a technique is not 
unthink f de in the Ruanda-Urundi, 
where many valley bottoms are 
swampy, slowever, it is evident that the 
area of possible rice fields is not enough 
for the increasing demand of a growing 


population (birth rate, 52 per thousand 
death rate, 27). 

ASIAN TIIOriCAL CULTIVATORS 

In many parts of tropical Asia the 
valuable area is totally utilized. In the 
case of the delta of Tonkin (Crourou, 
1936, 1940fl, 1940b), the entire alluvial 
plain—15,000 square kilometers—is ef¬ 
fectively cultivated every year (with 
the exception of roads, rivers, houses, 
graveyards), and one-half of the culti¬ 
vated area yields two harvests a year. 
Such intensive agriculture is the result 
of fertile alluvial soils, of dikes and 
irrigation canals assuring protection 
against river floods and against dryness, 
and of a skilful agriculture paying a 
great deal of attention to the manure 
problem. The peasant population aver¬ 
ages 500 persons per square kilometer 
ot total area and 600 persons per square, 
kilometer of cultivated area (areas 
harvested twice in a year are taken 
only for their topographical, cartograph¬ 
ical value). 

The agriculture of the Tonkinese 
Delta is highly expensive in terms of 
human labor. One harvest of paddy re¬ 
quires up to 200 days of work for 1 
hectare, so that, if this harvest produces 
2,000 kilograms of paddy, a day's work 
has produced only 10 kilograms of pad¬ 
dy; a field with two annual harvests re- 
cjuires as much as 400 man-days of 
work per year. It is certainly feasible to 
reduce the quantity of agricultural work 
without reduction of the output; the 
problem is to find employment for the 
unemployed agriculturalists in a country 
with an annual surplus of births over 
deaths not lower than 25 per thousand. 
The annual increase of the peasant pop¬ 
ulation of the delta must be on the 
order of 150,000 persons, already a large 
group to be added each year to the 
people employed in industrial and ter¬ 
tiary activities. Yet the reduction of 
agricultural work (with the corollary 
increased productivity) would certainly 
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induce a great exodus from the country¬ 
side. If the expenditure of human agri¬ 
cultural labor be only a quarter of the 
present expenditure, if a rice field twice 
harvested requircis only 100 days of 
work instead of 400, will it be possible 
to find employment for the three-quar¬ 
ters of the peasantry deprived of work? 
Is it not possible to say that intensive 
agricultural techniques (and vegetarian 
food habits) hav(^ led the Tonkinese 
peasants into a blind alley? The same 
situation is found in all countries with 
high peasant-population densities per 
cultivated area. It is not too disturbing 
when the cultivated area is only a 
modest percentage of the total area, but 
it becomes terribly disturbing if the 
cultivated area ('xtends to the entire 
valuable part of the total area. 

To repeat, natural conditions do play 
a role in such an evolution but not in a 
decisive fashion. For example, the 
island of Madura, with a total area of 
5,971 square kilometers, had in 1940 an 
average density of 313 inhabitants per 
square kilometer. Yet Madura does not 
benefit from volcanic soils (too often 
held to be determinant of the high den¬ 
sities of some parts of Indonesia), and 
only 740 square kilometers of the 4,460 
cultivated are irrigated.^ Madura, with 
its low hills and its soils of medium 
grade at best, has a remarkably high 
percentage of the total area in perma¬ 
nent fields, or tcgalan. The peasants of 
Madura have set off elaborate tech¬ 
niques of permanent dry agriculture- 
artificial terracing, rotation, manuring, 
etc.—which demand much work but 
which every year produce remunerative 
crops (remunerative, that is, relative to 
the economy of the peasant of Ma¬ 
dura). The quality of land use in the 
Asiatic tropics is not fundamentally 
different from that in the Asiatic tem¬ 
perate plains; it derives from a civiliza- 

3. Gouroii, 1953a, pp. 350-52; some obser¬ 
vations on the relations between density of 
population and soils in Indonesia. 


of Tropical Cidtivators 343 

tional complex and not particularly 
from tropical conditions. 

PROSPECTS 

In the largest part of the tropical 
world (keeping in mind that the major¬ 
ity of tropical cultivators are concen¬ 
trated in a small part of the tropical 
world), the peasants practice extensive 
techniques as poor when measured by 
output (harvest per hectare) as when 
measured by productivity (harvest per 
(lay of work). The quality of land use 
is very low; such a situation is primarily 
the result of techniques (and of the 
civilizations in a broader sense) and 
not the direct result of unfavorable 
physical conditions. Surely large areas 
of tropical soils are very poor. But, ex¬ 
cept in Asia and in some other places 
like Madagascar, tropical cultivators 
have not employed the techniques 
which would allow theun to make the 
best of the richest soils, of the soils 
well watered. Thus tropical cultivators, 
circumscribed by their techniques, 
have limited themselves to the use of 
poor soils (selecting, from the large 
category of poor tropical soils, the less 
poor and the physically arable soils). 
The ladang permits one harvest on very 
bad soils, the extreme example being 
the Lala of Northern Rhodesia, who 
sow only on the patches of ashes and 
neglect the remainder of the cleared 
area. Numerous tropical cultivators, 
knowing only extensive techniques, 
have cultivated just the areas best 
adapted to these techniques—areas with 
light soils on the terraces and the pla¬ 
teaus. They have neglected the swampy 
and heavy soils of the valley bottoms, 
which are endowed with the greater 
agricultural potentialities but are less 
easily utilizable by means of ladang. 
On die contrary, the cultivators of the 
Asiatic tropics have applied their in¬ 
tensive techniques on the lowest soils. 
To the various “levels” of the agricul¬ 
tural techniques correspond various 
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topographic levels of application of 
these techniques. The simplest tech¬ 
niques npply to the lighter soils, whose 
clearing is rather easy- The intensive 
techniques apply to heavy soils, whose 
clearing is less easy. Human choices 
have been inHuenced much more by the 
level of techniques than by physical 
conditions. 

A true “inversion” of the cultivated 
areas is necc'ssary if tropical agriculture 
is to become more intensive, more pro¬ 
ductive, and able to support increasing 
populations. Given the conditions of 
soil fertility and the need for water for 
the plants, the tropical agriculturalist 
has to concentrate his efforts on the 
lowest topographic levels, generally the 
richest and the wettest. Mastery over 
water is the first necessary condition of 
agricultural progress in the tropical 
\^'orld, particularly in the dry fields of 
food plants. By descending the slopes, 
abandoning the fallows, and limiting 
itself to the most fertile areas, tropical 
agriculture will increase the output per 
hectaie, the productivity per man-hour, 
and the total mass of food delivered to 
a mankind exj^anding in numbers. Trop¬ 
ical agriculture has a bright and con- 
sidcTablc future if it concentrates on 
the very soils able to reward intensive 
techniques and if it is not reluctant to 
improve dry and poor soils. 

The confining of tropical agriculture 
oil th(^ best soils would ease the intro¬ 
duction of motorized implements and, 
in< id <‘11 tally, increase the productivity 
of the ( ultivators. Let us keep in mind 
that one hour of work of a tropical 
peasi lu produces no more than 4 or 5 
kilogr, MS of grain (De Schlippe, 1948). 
Amoi!, the obstacles to mechanical 
tropic;ii agriculture, first place must be 
given fc the present necessity for fal¬ 
lowing he careful and expensive work 
requir* (or perfect mechanical clear- 
ing is jii o;fied if the clearing is defini¬ 
tive, but it is less justified (and less re¬ 


warded) if a new clearing must be 
made after a long fallow. Mechanized 
clearing must be associated with inten¬ 
sive and permanent agriculture. An¬ 
other obstacle to clearing by machines 
is the extreme hardness of the plateau 
soils in dry .seasons. Because of this 
hardness, the land is cleared only in the 
rainy season, and this delay in begin¬ 
ning the planting means that the period 
of cultivation is dangerously short and 
that the employment of mechanical im¬ 
plements is correlatively expensive. 
These various inconveniences have been 
underlined by the “groundnut scheme” 
of Tanganyika (Wood, 1950).^ 

In tropical agriculture intensive pro¬ 
duction of food products must replace 
extensive production; the more favor¬ 
able situation for intensive production 
of food products is in the bottom of 
the valleys; and the slopes and the pla¬ 
teaus must be utilized for tree planta¬ 
tions (Hevea, Elaeis, etc.) and for sci¬ 
entific silviculture. I do think that trop¬ 
ical cultivators will have a brilliant 
economic future with a balanced agri¬ 
culture: irrigated and inundated fields 
in the valley bottoms, animal husband¬ 
ry (not by extensive pasture but by cul¬ 
tivation of food for animals on fields 
intensively cultivated), and tree planta¬ 
tions. 

I must say that other views have been 
published. In an interesting paper 
(Vine, 1955) a specialist on Nigeria 
says that the soils on the Nigerian low 
plateaus are able to support for an in- 

4. This interesting experiment, made be¬ 
tween 1947 and 1952 in three parts of Tan¬ 
ganyika Territory—Kongwa, Urambo, and Na- 
chingwea—was intended to produce enormous 
quantities of groundnuts (peanuts). It was aban¬ 
doned, after an expenditure of £.36,000,000, 
because of the scarceness of the yields. The 
failure was explained as due to uniform clear¬ 
ing of very different soils and to very expen¬ 
sive methods of clearing. It was found very 
difficult to clear the soils of all the woody 
roots, which were obstacles against the use 
of mechanical implements. 
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definite time native agriculture with 
short fallows (three to four years) and 
that prospects of integrating modem 
techniques into the native agriculture 
of the plateaus (green manure, chem¬ 
ical manuring, selection, etc.) are good. 
The soils of Nigeria are very different 
from one field to the next; it is incau¬ 
tious to generalize about them. 

It is easier to talk about means of 
improvement than to carry them out. 
The first step must be acceptance by 
tropical cultivators of the necessity for 
a re-evaluation of their techniques. Will 
the new methods give the peasants a 
greater productivity? Within a frame¬ 
work of premechanical techniques, the 
passage from ladang to intensively cul¬ 
tivated, permanent fields does not nec¬ 
essarily carry with it an increase of pro¬ 
ductivity—not if the available arable 
area is so spacious as to permit suitable 
fallows and thus evade the risk of soil 
exhaustion. Tropical cultivators are 
aware of this. Thus, the peoples of 
some mountains of West Africa (Ata- 
cora Mountains, Bauchi Plateau, Man- 
dara Mountains, Adamawa, etc.) 
learned relatively intensive agricultural 
techniques, such as artificial terracing 
and manuring, in response to a crisis: 
they had retreated into the mountains 
primarily for defense against external 
dangers, particularly against the raids 
of slavers. The establishment of peace 
and the suppression of slavery allowed 
these peoples to abandon their moun¬ 
tains and to clear the surrounding 
plains where arable areas were plenti¬ 
ful. In the new environment they are 
forgetting these techniques and return¬ 
ing to ladang, in which they find a 
greater productivity. In the same way, 
all the efforts made between 1920 and 
1940 to lead the Moi Rhade (Annamite 
Cordillera of Indochina) to utilize the 
plow and to till inundated rice fields 
have been wasted. Since administrative 
pressure has been relaxed in keeping 


with political events affecting eastern 
Indochina, the Rhade have returned to 
ladang. ^fhey have rediscovered cher¬ 
ished habits (we must not underesti¬ 
mate the strength of custom), and they 
obey also the lessons of experience; they 
have observed that permanent rice 
fields, without manure, gave a lesser 
output per day of work than Indang. 
To be sure, this point applies only with 
reference to a rather sparse population, 
ladang on unexhausted soils, suitable 
fallows, and annual rice fields without 
manure. In the same way, the Mnong 
Rlam of Darlac, Indochina, forced by 
the authorities to use the plow and to 
replant rice, havc^ reverted to stamping 
by buffaloes and to direct sowing. Still 
worse, the Vietnamese colonists of Ban 
Methuot, Darlac, have turned for the 
first time to ladang and have abandoned 
the ancestral plow. 

The passage from extensive to inten¬ 
sive techniques does not appear to the 
tropical peasant to be necessarily ad¬ 
vantageous. Such an evolution is likely 
to hr realized only where the following 
conditions prevail: exhaustion of the 
soils because of short fallows, reason¬ 
ably high intellectual level of the popu¬ 
lation, introduction of techniques en¬ 
hancing the productivity of intensive 
agriculture (motorization, manure, 
etc.), opening of markets, and develop¬ 
ment of commercial agriculture. 

CONCLUSIONS 

I have intended to explain by some 
examples the quality of land use by 
tropical cultivators; I have made some 
comments about the renovation of trop¬ 
ical agriculture. It seems certain to me 
that the tropical world is able to pro¬ 
duce larger and larger quantities of 
agricultural products and to give the 
cultivators a higher level of consump¬ 
tion. Good roads and railways to de¬ 
stroy the isolation and enlarge the mar- 
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kets and the rational use of water, 
manure, and machines will allow iin- 
incnse progress. The- comparison of cul- 
tivated areas in diverse tropical coun¬ 
tries underlines the magnitude of the 
possible progress. 

However, nothing v('ry valuable wiJJ 
be realized if all the elements of the 
pres('nl situation ai(' not clearly under¬ 
stood. It is not Jess indispensable to 
study tlu^ relations between the ele- 
nieiits of a part of the earth’s surface 
than to analyze each of those elements. 

Perhaps if will be useful to indicate 
that such an intellectual position is 
(wactly the position of human geogra¬ 
phy. I Inman geography is a synthetic 
discipline, aiming at the description and 
c'xplanatiou of the relations between 
man and his environment. But what is 
the “natural environment”? The geogra¬ 
pher would be wrong if he considered 
tlu^ natural environment as independ- 
( nl from man. The natural environment 
in two ways depends on man: first, man 
has transformed profoundly the en¬ 
vironment (savanna substituted for 
forest, fields substituted for forest, sec¬ 
ondary forest substituted for primary 
forest, etc.); second, man has inter- 
pret('d the environment in terms of his 
techniques. The same natural environ¬ 
ment will result in different human 
landscapes when interpreted (and 
transformed) by traditional European 
[H'asant civilization, by Chinese civili¬ 
zation, and by modern American civili¬ 
zation "t he Merina of Madaga.scar and 
tlu' H< n iba of Rhodesia have created 
very diisorent human landseapes in 
similai ( hysical environments. 

D('n <;!\ of population is a good basis 
for tlu' t.tidy of human geography. A 
detaik e p of the density of the pop¬ 
ulation :Ks many questions; Why so 
few in) itants here? Why so many 
there? swers may be given by cli¬ 
mate, p] siography, soils, diseases, his¬ 


tory, or techniques (of production and 
of spatial organization). Each particu¬ 
lar question may be the held of special¬ 
ists. But the weight of a population over 
a particular area is not explained by 
the juxtaposition of specialized studies; 
it must be explained by geographical 
appreciation of the interdependence of 
midtiple factors. 

No progress in the understanding of 
the human aspects of the landscape is 
possible if these aspects are simply con¬ 
sidered to react to the physical elements 
of the landscape. The relations between 
the two are not direct; they are obliged 
to cross the prism of a civilization. Ex¬ 
planation does not progress if the hu¬ 
man groups are considered to be com¬ 
pelled by the natural environment to 
adopt such-and-such techniques. Nor 
does the explanation make better prog¬ 
ress if we consider that a human group 
examines a natural environment, eval¬ 
uates the “possibilities,” and chooses the 
more attractive. “Determinism” (phys¬ 
ical determinism) and “possibilism” are 
unable to give a total explanation. The 
“possibilities” are in man much more 
than in nature; they are given to man 
by the civilization. Civilization is not a 
])roduct of the physical environment, 
nor is it a product of a choice oriented 
by a finality. If a human group selected 
a certain type of exploitation of some 
resources, the choice was undetermined. 
Man has made himself, without know¬ 
ing where he was willing to go. He has 
made himself by the making of himself. 
There was no physical determination, 
finalistic predestination, or conscious 
decision; there was a necessity for an 
undetermined choice and, consequent¬ 
ly, a departure into a future. This geo¬ 
graphical interpretation of the position 
of man on earth and in history is full of 
hope. The future, good or bad, will be 
the work of man and not the result of 
physical constraints. 
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The Grassland of North America: Its 
Occupance and the Challenge of 
Continuous Reappraisals 

JAMES C. MALIN” 


THE PROBLEM OF DEFINITION 

Any attempt at regional definition of 
a portion of earth space involves time 
as one of the determining criteria. Also, 
in view of the fact that the term “grass¬ 
land” has been designated as the term 
descriptive of the region proposed for 
study, that selection implies that the 
definition is in terms of vegctational 
cover. As plant growth varies with total 
prevailing conditions, both temporary 
and long term, every vegetational map 
has to be dated. For some areas condi¬ 
tions have been so decisive that over 
long periods of time no major variation 
has occurred. In transition zones be¬ 
tween such relatively stabilized nuclear 
areas, the vegetational cover has fluc¬ 
tuated to a greater or lesser degree with 
the prevailing variability of environ¬ 
ment. Extremes of moisture and tem- 
p('i atnie operated differently upon each 
type' of vegetation as well as upon par- 
ticulai species. As between trees and 
grass, bees may expand their coverage 
over li period favorable to their growth 

• Dr. ^ ilin has been in the Department of 
Hi.story the University of Kansas since 
1921. 11 was president of the Agricultural 
Histoiv .ciety in 1943—44. His books in¬ 
clude: nter Wheat in the Golden Belt of 

Kansas, 14; The Grassland of North Amer¬ 
ica: Proi ^^^omena to Its History,, 1947; The 
Nebraska \)iiestion, 1954; and The Contriv¬ 
ing Brain and the Skillful Hand in the United 
States, 1955. 


and then suffer a severe setback, or even 
destruction, by an extreme of drought 
and heat or extreme cold; such weak¬ 
ened woody growth as may have sur¬ 
vived may be finished off by disease or 
insect enemies. In addition, we know 
that destruction from fire caused by 
lightning took its toll.^ Added to these 

1. Two examples of reported lightning-ig¬ 
nited prairie fires in the High Plains arc cited. 
The location was Cheyenne County, Kansas, 
near the intersection of 40® north latitude and 
102® west longitude at an altitude of nearly 
4,000 feet. The number of such examples 
might be multiplied indefinitely. In using 
newspaper sources as evidence, not all refer¬ 
ences to lightning as a cause of fires would 
be acceptable. These particular instances pos¬ 
sess characteristics that contribute to credibil¬ 
ity: the specific location is gi\'cn; tlie com¬ 
munity turned out to fight the fire; the area 
burned was specified; and the record was 
printed within the week. I’he point to be em¬ 
phasized is that such discriminative details 
would seem to differentiate these reports from 
the rumor category and, in making the record 
specific, would justify the use of these cases and 
many other similar ones that might be cited 
i* the High Plains newspapers and would con¬ 
stitute proof of lightning as a cause of prairie 
fires. 

St, Francis (Kan.) Herald, July 13, 1911, 
Bird City Department: “Not every year will 
the prairie grass bum in July, but such is the 
case now. During one of our electrical storms 
last week lightning struck a little ways south¬ 
west of W. D. Kyle’s place burning over quite a 
territory before the names were extinguished." 

St. Francis (Kan.) Herald, August 3, 1911; 
“Last Thursday a bad prairie fire destroyed 
the winter range of Henry Weaver. Sunday 
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hazards were those introduced by man, 
primitive and modern, particularly the 
use of fire. The factor of fire has been 
little understood and has been subject 
to much exaggeration as well as lack of 
discrimination. Cieneralization is always 
dangerous and nowhere' more; so than 
on the matter of fire and vegetation. 
The variables are loo numerous: time 
and method of using fire, hot or cold, 
variations in rt'sponst' to fire of dif¬ 
ferent types of vegetation, the several 
species of grasses and of w^oody growth. 

These matters are not merely th(‘o- 
retical, although they strike at the very 
foundations of the ecologists’ concepts 
of succession and climax. Th('y raise an 
honest doubt as to whether the idea of 
climax vegetation is even h'gitimate or 
of practical value. At any mte, the idea 
needs restatement based upon fresh 
thinking. Possibly the term “steady 
state” recently introduced into soil- 
science literature might be open to less 
objection because it is not yet freighted 
with so many unwarranted overtones, 
implications, and inferences. 

Gilpin (1860) compared the Euro¬ 
pean and the North American conti¬ 
nents to a bowl: Europe, a bowl turned 
upside down, therefore high in the 
middle and sloping to the sea in all 
directions; North America, a bowl 
turned right side up, a rim around the 
outside and great v^leys in the interior, 
closed off from free atmospheric circu¬ 
lation from the seas. North America had 
in fact a double rim on the west and on 
the south of 49° north latitude. This 
double rim encompassed the Great 
Basin area, mostly moist desert; at the 
north the Palouse prairie, in the middle 
the sagebrush desert, and at the south 

another big fire raged off southwest of Asa 
Cress's place. It burned a place 2)i miles 
long and lli miles wide. It was set by light¬ 
ning and required the most heroic efforts on 
the part of the settlers to extinguish it and save 
some winter pasture. This year when feed is 
scarce the loss of the grass will be sorely felt.” 


the Larrea Desert. The moist desert p('i - 
mitted some grasses, and this, therefore, 
in a limited sense made it a grassland. 

The Rocky Mountains continental di¬ 
vide, how^ever, was the major physical 
feature of the interior. It formed a bar¬ 
rier separating all west of it from the 
great interior valleys whose rivers 
emptied northward into the Arctic 
waters, eastward into the Atlantic 
through the St. 1 .awrence gap in the 
eastern rim, and southward into the 
Gulf of Mexico. The liigh point of tlu' 
three watersheds was the nearly level 
plain of the Dakotas and Minnesota, 
modified by the glaciation of the Pleis¬ 
tocene. 

Geologically speaking, all this was 
the work of comparatively recent time. 
The Appalachian Revolution formed the 
inoLintains of that name, the eastern rim 
of the American bowl, during Permian 
time. Tlie Rocky Mountains were 
formed by the Laramidc^ Revolution of 
late and post-Cretaceous time, but the 
Caseadian Revolution of Pleistocene 
time completed the Pacific coastal rim. 
The Mississippi Valley proper was 
largely Penn.sylvanian (Later Carbon¬ 
iferous); parts of east-central Kansas, 
much of Oklahoma, and northern Texas 
were Permian; and the northwest of 
these areas were Cretaceous and "J’erti- 
ary formations. However, much of the 
entire surface was reworked during tlu^ 
Pleistocene by glaciation, combined 
with winds and water.^ Cut off from 
ocean moisture on the west by the 
double rim of mountains, the moisture 
of this area east of the continental di¬ 
vide is derived from warm, moist air 
masses moving northward from the Gulf 
of Mexico to meet cold, dry air masses 

2. Any clear realization of the role ()f gla 
ciation dates from slightly more than a cen¬ 
tury ago. An intensive investigation of Pleis¬ 
tocene times, especially accompanied by a real - 
ization of the interplay of geological processcj> 
and primitive man, dates particularly from the 
Folsom discoveries of the second quarter of 
the twentietli century. 
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from the Canadian plain; the whole 
moves eastward. Thus, close to the 
mountain barrier the annual rainfall is 
scanty, increasing somewhat to the east- 
ward, but highly variable within the 
unique continental interior (Borchert, 
1950). 

The geologists who dealt with the 
rocks of later geological time repre¬ 
sented ill the central 2 :)art of this grass¬ 
land coininciited upon their relative 
softness, which meant tfiat, where ex¬ 
posed, they were subject to rapid ero¬ 
sion; most of them were covered by un¬ 
consolidated Pleistocene deposits. Few 
of the streams but were turbid. Hayden 
recorded that water in the several tribu¬ 
taries of the Missouri Kiver began to 
ch^ar only above the meridian of the 
mouth of the Musselshell (1863, chap, 
xii). The high country received an an¬ 
nual average rainfall of 10-25 inches. A 
rhetorical question that may be worth 
pondering is what would happen in the 
way of erosion if the Great Plains area 
should be visited with an annual aver¬ 
age rainfall of 40-50 inches. The fact is 
that the scanty rainfall of the area con¬ 
stitutes its major value to the occupy¬ 
ing human culture. 

The “natural” pioperties of the vege¬ 
tation of the Mississippi Valley east of 
the river itself were long a subject of 
disagreement mixed with a degree of 
mystery (Adams, 1902a, 1902b; Tran- 
seau, 1935). Shaler (1889, 1891) con- 
sidt red the prairie condition of much 
of tilt country to be the consequence of 
fire us( (1 after about a.d. 1000. Inter¬ 
ested |) (rticularly in Kentucky history, 
he suggrsted that, if European inter- 
ventioii iiad been delayed another five 
hundu d years, the prairie might have 
extend( d as far east as the Appalachian 
Moun!ai7is. He had been impressed par- 
ticulail\ by the excavations he had 
made around the salt springs at Big 
Bone liuk, Boone County, Kentucky, 
which revt-aled a succession of deposits 
from glacial times to the date of his 


work. In Mississippi, Hilgard (1860, pp. 
349, 361-62) contrasted the vegetation- 
al status of parts of that area as the 
white man had received it from the 
hands of the Indians with its condition 
in 1860: a well-grassed, longleaf-pine 
savanna versus a country denuded of 
both trees and grass. 

In the northern Ozark countiy west 
of the Mississippi River, Beilman and 
Brenner (1951) emphasized “the recent 
intrusion of forests in the Ozarks” dur¬ 
ing historic time. The invasion of trees 
dated from the time that the use of fire 
by the natives was curtailed and virtu¬ 
ally eliminated. The rapid spread of 
woody growth in eastern Kansas and 
Nebraska during the first decade under 
white settlement was the subject of 
particular comment in 1867 by Bayard 
Taylor. So far as he described what he 
saw of the spread of woody growth at 
the expense of grass, his account was a 
significant document. A syllogistic con¬ 
clusion from these last two examples is 
to be avoided, however. Only in some 
of the terrain most favorable to trees 
could timber have grown to maturity 
for marketable lumber, especially in 
eastern Kansas and Nebraska. Even in 
the stream bottoms, the oak-hickory- 
walnut combination disappeared west 
of 97° west longitude (Fort Riley and 
Council Grove), or at about the western 
boundary of the tail-grass country. 

In the mid-latitudes west of the hun¬ 
dredth meridian the short grasses, the 
buffalo {Buchloe dactyloides) and the 
blue gramma (Bouteloua gracilis), were 
characteristic. Between 97° and 100° 
west longitude in this area the vegeta¬ 
tion was conspicuously mixed and rep¬ 
resented species from both the tail-grass 
and the short-grass areas. There was 
wide variation in accord with topogra¬ 
phy and soil. Two strips of sandy out¬ 
crops in Oklahoma and northern Texas 
produced the Cross Timbers which ran 
generally north and south. Sand-dune 
country along the Cimarron, south of 
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the Arkansas and north of the Platte 
rivers, grew bunch grasses. At the ex¬ 
treme north the needle grasses (Stipa) 
predominated, and at the south the 
mesquite grasses (Ilihria) were char¬ 
acteristic. Variety was more conspicu¬ 
ous than were the uniformities empha¬ 
sized by some of the plant ecologists. 

The soils formed in the tall-grass area 
were mostly on the acid side, while 
those west of about 97° or 98° west 
longitude were alkaline, a chai acteristic 
of so-called “arid soils” first explained 
by Hilgard (1892). The scanty rainfall 
and the absence of leaching, which ac¬ 
counted for alkalinity, also contributed 
to the explanation of the phenomenal 
fertility of these grassland and desert 
soils. 

Oisr THE NATURE OF GRASSLAND 

INSTABILri*Y: PROBLEM OF CON¬ 
CEPTUAL ORIENTATION 

Whenever and wherever a discussion 
is proposed of man-earth relations, or of 
man-food relations, certain fundamental 
conceptual barriers usually tend to 
block a free and effectual meeting of 
minds about even the nature of the 
problem. One of these is the assump¬ 
tion, tacit or explicit, that, as differen¬ 
tiated from plants and other animals, 
man’s relations with the earth and all its 
properties are always destructive. A 
second barrier, which is really a corol¬ 
lary of the first, is that the imperative 
responsibility of any student of these 
matters is to provide the bases for re¬ 
storing what man, especially “civilized” 
man, has supposedly destroyed. The 
overtones, if not the explicit assumption, 
are those of urgency of decision and of 
action to forestall disaster. The time 
scale of the geologist and the anthro¬ 
pologist is essential to maintain perspec¬ 
tive on the area in question which has 
been “destroyed” repeatedly, both be¬ 
fore and since the appearance of man, 
and is now the abode of man. The grass¬ 
land of North America is conspicuous¬ 


ly the product of destruction, and, as 
applied to this problem, destruction and 
creation are merely different aspects of 
the same thing. All areas of the earth’s 
surface present a similar process to 
challenge the curiosity and understand¬ 
ing of men, but possibly a grassland re¬ 
veals to the observation of contempo¬ 
rary men a more direct opportunity to 
study certain of the forces actively at 
work than do some other areas. 

As the first draft of this paper was 
being written, March 11, 1955, a ther¬ 
monuclear bomb had just been ex¬ 
ploded in the Nevada desert. After¬ 
ward, red dust, falling over Baltimore, 
Maryland, some 2,200 miles eastward, 
aroused fear of radioactive fall-out from 
the explosion. In undertaking to allay 
that alarm by assuring the public that 
the red particles were nothing more 
dangerous than red dust blown from 
the Texas range countiy, the Weather 
Bureau inadvertently created another 
alarm about the destruction of the 
Great Plains by dust storms, supposed¬ 
ly caused by overgrazing and by plow¬ 
ing up the grass for wheat, cotton, and 
sorghum. Man is not happy unless he is 
woriying about something. 

The Great Plains dust storms are a 
case in point that illustrate the problem 
and its overtones~the immediate push¬ 
button reaction in terms of a supposed 
solution to dust storms—to restore the 
Great Plains to their “original” grass¬ 
land equilibrium as supposedly enjoyed 
in the state of nature. According to this 
stereotype, aboriginal man was a supe¬ 
rior being, endowed with the wisdom 
of nature and of nature’s God of the so- 
called “Enlightenment” of the eight¬ 
eenth century—only civilized man was 
evil. Of course, not everyone reacted to 
the Weather Bureau’s explanation in 
this manner, but this generalized re¬ 
sponse was more inclusive than it should 
have been, even among people in pos¬ 
session of some specialized knowledge 
about the subject. 
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The red dust that fell ovo Baltimore identical spots, separated by varying 
had its determinable origin in Permian thicknesses ot w ind-blown material. 
time hot and dry, during winch beds Also, even on the high ridges of eastern 
of L^nviim and \salt were deposited, Knimis south of the ghemted area, a 
ahmg with the materials from which large portion of the current soils are 
the red soils of northern Texas and derived from locssal materials, 
western Oklahoma were derived. The The stereotyped formula for soil for- 
restoration philosophy does not propose ination pictured by Marbut, in the Dc- 
to restore Penman conditions or those partmeiit of Agriculture's Atlas of 
more favorable to prolific growth of American Agriculture (1935), divided 
vegetation which laid down the Penn- the soil body into four horizons: A, B, 
sylvain'an, Cretaceous, or Tertiary coal C, and D—the D horizon being un- 


fiekls. Thf'ie is no intent here merely to 
he fae(‘tioiis. If some past condition 
must he restored, why not choose that 
most favorable to present desires? Is it 
any more possible to restore less remote 
than more lemote time conditions? Are 
not all such changes in space and time 
irreversible? Each space-time situation 
is the product of a unique combination 
of factors which nevc^r can be brought 
together again. 

Early interpretations of the geological 
history of Pleistocene time? as applied 
to the area east of the Rocky Moun¬ 
tains oversimplified generaliza¬ 

tions. Johnson's monograph (1901, 
1002) was the most influential and, from 
the standpoint of geological history, 
i('prc.s('nted the Great Plains as having 
hi'cn lormt'd from debris washed out 
from the Rocky Mountains and there¬ 
after undi.sturbed, except as it was 
erod('d on either side and cut through 
loan west to east at its northern end by 
siuli rivers as the Platte, the Repub¬ 
lican, til ■ Arkansas, the Canadian, and 
t]u‘ lied But that oversimplified view of 
tlie stal iity of the area has been dis¬ 
proved onelusivciy by Pleistocene ro- 
seareh and archeological excavation, 
sepaiat \ and in co-operation, during 
the .sec quarter of the present cen¬ 
tury. In . ad of having been cut once, 
it was f /;ik 1 that a large part of the 
Great {'] dns had been eroded and re- 
dc*posit< d se veral times. Aboriginal vil¬ 
lage silt's were excavated which re¬ 
vealed a nc>ce.ssion of occupations of 


weathered rock. A stabilized, soil-form- 
iug piYJcess was represented as being 
foLiiicl in the weathering of rock at the 
bottom as fast as erosion removed top 
soil. Thus, soil was supposedly formed 
normally from the bottom up. Whatever 
the degree of validity of that formula as 
a generalization, it has comparatively 
little applicability to the grassland, 
where the soils are derived so extensive¬ 
ly from material transported by wind, 
water, and glacier. The soil material is 
added at the top as well as being 
eroded from the top. More often than 
is realized, the additions are in excess 
of the subtractions. The red dust that 
worried Baltimore in March, 1955, was 
only a demonstration of the continu¬ 
ance of Pleistocene geological and soil¬ 
forming processes actively at work in 
unbroken sequence. Mature soils in the 
sense of Marbut’s soil stereotype can 
scarcely be expected. The same obser¬ 
vations apply to the plant ecologists’ 
stereotype of plant succession and cli¬ 
max. They are constructs of the mind, 
not realities, and never have been reali¬ 
ties. 

A further emphasis upon the absence 
of a stabilized condition in the grass¬ 
land must be focused upon the period 
of about three centuries between the 
first arrival of Europeans into the inte¬ 
rior of America and the middle of the 
nineteenth century, when the actual 
displacement of the Indians by white 
men began. Two changes of conditions 
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occurred during that interval that were 
revolutionary in their effects upon In¬ 
dian culture: the introduction of the 
hoi'se and the change of location of 
many tribes. The Sioux, in part at least 
a forest people, were pushed southwest- 
ward into the northern grassland, the 
last stage in that process being com¬ 
pleted after the New Ulm, Minnesota, 
massacre of 1862. Both of these revolu¬ 
tionary changes in the cultural pattern 
of what are usually called ^‘Plains’' In¬ 
dians were too recent and too sudden 
to represent a stabilized culture in 
equilibrium with environment. 

The question does not appear to 
occur to historians that the Indian cul¬ 
ture might have been headed for a 
major crisis, possibly disaster, even if 
displacement by white culture had not 
intervened to give disaster a different 
form as well as to provide the Indian 
with a good alibi. In fact, there is reason 
to assert that these Indian cultures were 
already off-balance and were running 
into trouble prior to any definite “pres¬ 
sure"* being placed upon them by the 
actual invasion of the area and their 
displacement by white men. Proof of 
such an assertion would be difficult, 
and, in a strict sense, possibly it is not 
subject to proof. But at the same time 
the opposite, which is the orthodox as¬ 
sumption upon which most history has 
been written, presents even greater dif¬ 
ficulties. A mere inic|uestioned accept¬ 
ance of an unprovc'd assumption does 
not constitute proof, regardless of the 
penalties imposed upon those who re¬ 
fuse to conform to the requirements of 
orthodoxy. In any case, the conditions 
prevailing in the grassland interior dur¬ 
ing the century from 1750 to 1850 were 
anything but the eighteenth-century 
ideal “state of nature.” 

Proof is yet forthcoming that imita¬ 
tion of the Indian culture would have 
been a safe course. But under no cir¬ 
cumstances could such a course have 


prevented dust storms in this grassland. 
No more vivid description of a dust 
storm has been recorded than that of 
Isaac McCoy, written on the spot in 
what is now north-central Kansas dur¬ 
ing the fall of 1830 (not 1930),-^ when 

3. “Had a little rain last niglit—the conn 
irv is exceedingly parched with drought. Whtui 
we got on to the prairies, the ashes from tlie 
recently burned prairies, and the dust and 
sand raised so by the wind that it annoyed 
us much, the wind rai.sing, I found that the 
dust was so scattered that it became impos 
sible to perceive the trail of the surveyors, 
who had gone a few hours ahead of the horses. 
While conversing with Calvin about the course 
we should go, we discovered the atmosphere 
ahead darkening, and as it had become cloudy, 
we fancied that a misting rain was coming 
upon us, and made some inquiry respecting 
the security of our packs. A few minutes 
taught us that what we had fancied to be 
rain, was an increase of the rising dust, sand, 
and ashes of the burnt grass, rising so much 
and so generally that the air was much dark¬ 
ened, and it appeared on the open prairies as 
though the clouds had united with the earth. 
Our eyejs were so distressed that we could 
scarcely see to proceed. . . . The wind blew 
ince'^santiy and excessively severe. . . . Was 
about to select a camping ground, when we 
met a man whom the Doctor [sent] to inform 
me that he could not proceed with his work, 
and that they waited for us in a wood a mile 
ahead. It being very difficult for me to look 
at my pocket compass I told the soldier . . . 
to lead us back. He set off with great confi¬ 
dence that he could find his way back and in 
a few minutes was leading us north instead 
of west. . . . On finding the surveyors, we en¬ 
camped for the residue of the day. Even in 
this wood, and after the wind had somewhat 
abated, the black ashes fell on us consider¬ 
ably” (Barnes, 1936, p. 365). 

Wind and dust accompanied the expedi¬ 
tion farther west, and on October 26 the Re¬ 
publican Valley was reached: “Wind very 
high, scarcely allowing us to pass” {ibid., 
p. 368). October 27: “. . . Today we reached 
the Republican, . . . and to our great disap¬ 
pointment we found it more destitute of grass 
than any place we had seen where wood was 
to be found. Tlie river runs over a bed of sand 
the banks low, and all the bottom lands are 
a bed of sand white and fine, and now Bit 
dry as powder ought to be. I never saw a 
river along which we might not find some 
rich alluvial moist bottoms, on which, at ffiis 
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the so-called “native Plains Indians 
were still in full possession. And dust 
storms in Kansas (1850-1900) have 
been described from contemporary 
records by the present writer. No more 
brazen falsehood was ever perpetrated 
upon a gullible public than the allega¬ 
tion that the dust storms of the 1930 s 
were caused by “the plow that broke 
the Plains.” 

lUVILROADS AND LAND-MASS POWER 

The United States completed legal 
possession of the mid-latitude grassland 

sc;ivson of the vear, could not be found green 
grass. But here there is in a manner none. 

“We examined along the river for grass 
until satisfificl that none could he found and 
th(‘n lurnc'd back to a creek we had passed 
five miles back. . . . The scarcity of wood on 
the ri\'cr and the sandiness and poverty of 
the bottoms, greatly discourage me as to the 
country—While the great scarcity of food for 
nuT horses made us fear that we should not 
be able to proceed much further” {ibid., pp. 
868-69). 

The entry of November 5 represents the 
< ountry about the ninety-eighth meridian and 
reads: “Completed the line of the outlet to 
150 miles, and stoppe^d. For .some days we 
ha\’<» discovered that our horses were failing 
so fast, that we must soon return, or lose 
them all. . . . Wc are beyond all Indian vil¬ 
lage's, and 50 miles, or more, into the country 
of Buffaloes. . . . 

“After we completed our survey, we turned 
on to a creek, and were looking for an en¬ 
campment—the day calm and fair—when sud¬ 
denly the atmosphere became darkened by 
a rlond of dust and ashes from the recently 
bnrni hrairies occasioned by a sudden wind 
from the north! It was not three minutes after 
I had discovered its approach, before the sun 
was cak'd, and the darkness so great, that 
I could ct distinguish objects more than three 
or fon. finies the length of my horse. The 
dust, sand and ashes, were so dense than one 
appeau d jn danger of suffocation. The wind 
driving juu* one*s eyes seemed like destroying 
them. . 

The t u rn commenced, sun three quarters 
of an h r high in the evening, and blew 
tremendo all night. It had abated a little 
by mornir The dust was most annoying at 
the commt!wc( ment. There was no clouds over 
us” (ibid., pp 371-72). 


of North America (between the forty- 
ninth parallel and the Rio Grande) dur¬ 
ing the late 1840 s. This made of the 
United States a two-front nation, facing 
both the Atlantic and the Pacific oceans, 
and laid the basis for a claim of right to 
a voice in the affairs of both the Atlantic 
and the Pacific systems. At that particu¬ 
lar time in modern history the posses¬ 
sion of the mid-latitude portion of the 
land mass of North America was fraught 
with a peculiar significance and one 
that has not been adequately inter¬ 
preted. The power lent to this geo¬ 
graphical position, and to the United 
States as its possessor, was for a dura¬ 
tion of but one hundred years, since 
which the whole situation has changed. 
The greater part of that century was 
the century of world peace (1814-1914) 
and a century in which steam railroads 
virtually monopolized the communica¬ 
tion systems of land-mass interiors. 

The new series of world wars since 
1914, air communication, and atomic 
bombs have changed basic relation¬ 
ships. The point is stressed here that 
the power vested in geographical posi¬ 
tion is held only on temporary loan and 
is not inherent in geographical position 
per se. The power wielded by a geo¬ 
graphical site changes with the cultural 
technology that uses it. It is not the 
purpose of this paper to explore the 
ramifications of these facts from the 
standpoint of world history, but what is 
said here about the grassland of North 
America must be envisioned in such a 
world perspective in order to have any 
particular meaning (Malin, 1955h). 

Down through the centuries, when 
the Western world faced the Mediter¬ 
ranean Sea and, after 1492, the North 
Atlantic Ocean, power was wielded 
through water communications. So long 
as land communications were depend¬ 
ent upon the muscle power of men and 
animals, costs of interior transport of 
heavy commodities were prohibitive. 
Economies of water transport did not 
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extend to upstream navigation of the 
great rivers that drained continental in¬ 
teriors. The steam locomotive operating 
on iron railroads changed all this, be¬ 
cause even the steamboat operating 
against the current of great rivers could 
reach only limited interior parts. 

Prior to the steam railroad, penetra¬ 
tion of the interior of the North Ameri¬ 
can continent had followed water-com¬ 
munication systems. Penetration of the 
interior country from any water-based 
point was limited by the prohibitive 
costs of muscle power. The exceptions 
only tend to highlight the rule. Large 
areas not served by water were by¬ 
passed in the settlement process. Con¬ 
spicuously, there was no connected 
frontier line in the Turner tradition; in¬ 
stead, scattered water-based diffusion 
centers served the land-mass interior 
areas. This applied particularly to the 
country east of the Mississippi River. 
West of that stream the diminished rain¬ 
fall and the number and navigability of 
streams rendered water-based penetra¬ 
tion of the grassland relatively unimpor¬ 
tant for the area as a whole. By the 
early 1850's, in the state of Missouri, the 
argument was made that the available 
land accessible by water was already 
virtually taken up. To occupy and to 
develop the remainder of Missouri, rail¬ 
roads would have to be built. In Kan¬ 
sas, where there were no navigable 
rivers, and which was organized and 
opened to settlement in 1854, the issue 
was explained explicitly by Robinson 
(1859). Without railroads, corn at Law¬ 
rence, thirty to forty miles from the 
Missouri River, was worth nothing for 
sale on the Missouri River markets, be¬ 
cause the cost of carriage by animal 
power equaled the normal market price. 
The steam railroad not only made the 
grassland a grain-growing area but also 
provided a structure for its livestock 
economy. It made possible also the 
marketing of the Pacific Coast fruits of 
California and the Northwest at the 


population centers of the East. So much 
for the grassland and its occupancc in 
its own right. Comparatively, however, 
during the period of nearly a century 
of steam-railroad dominance of coru- 
munication in continental interiors, by 
coincidence, the United States was the 
only great land-mass state that was in 
a position to capitalize fully upon this 
unique advantage (Malin, 1947, chap, 
xii; 1954fl, pp. 56-71, 320-27, 408-16, 
446 48; 1955a, 1955b). 

COMMERCIAL ECONOMIES 

In approaching the study of the his¬ 
tory of the commercial economies of the 
grassland, certain prerequisites are im¬ 
perative. Because the grassland pos¬ 
sessed environmental peculiarities quite 
unlike the conditions of the forest, 
Europeaii-American culture with its for¬ 
est background approached it with an 
unconscious ecological outlook quite 
foreign to the requirements of life un¬ 
der the strange conditions that had pro¬ 
duced a grassland. Regardless of what 
the origin of the grassland may have 
been, ^^he fact remained that conditions 
had produced grass there and not forest. 
Again, regardless of origins, occupance 
must be effected in terms of grass, not 
of forest. Still again, regardless of 
origins, the potential capacities of the 
grassland had to be tested by the new 
occupants to determine what they were. 
There were no precedents for Euro- 
pean-American culture, which was de¬ 
rived predominantly from the British 
Isles and northern Europe. The first 
obligation of the historian in studying 
this particular stage of occupance is to 
determine the total body of knowledge 
and the ecological outlook these people 
possessed at the outset of the invasion 
of the grassland, regardless of whether 
it be called “science” or “folk thought.” 
Next on this theme of knowledge and 
attitudes must be traced the growth and 
accumulation of the total fund of infor¬ 
mation and the transformation of atti- 



Changing the Face of the Earth 


358 Mans Role in 

tudes. The record is not in the natuie 
of a straight-line growth but is one of 
highly irregular pattern, if pattern there 
be, and of many false starts and by¬ 
paths. Only in large perspective can it 
appear to represent anything like a con¬ 
sistent and reasoned structure of 
thought about man and the earth. Too 
often the tendency appeared to insist 
upon simple answers and to create 
stereotypes, and nowhere more con¬ 
spicuously than in the sciences, theoreti¬ 
cal and applied; and stereotypes inter¬ 
fere with understanding. 

An approach to the grassland from 
the standpoint of the history of agri¬ 
cultural economies must necessarily em¬ 
phasize the range-livestock industry 
and field-crop production. The tail-grass 
area to the eastward presented relative¬ 
ly little difficulty to the westward ex¬ 
tension of traditional forest man's live¬ 
stock and crops; cattle, hogs, sheep, 
corn, oats, and soft wheats. West of the 
strictly tail-grass area the issues were 
increasingly challenging. Westward to¬ 
ward the Rocky Mountains, rainfall di¬ 
minished and elevation increased. Also, 
the north-south latitudinal range was 
greater and imposed wider variability 
in temperature and photoperiodicity. 
Domesticated livestock and field crops 
introduced into the area could scarcely 
be expected to possess equally the 
capacity to exhibit their full potentials, 
or even to survive, in all parts of so ex¬ 
tended a geographical space. Livestock 
presented lesser difficulties in these mat¬ 
ters tlian field crops, but, with more 
extensive and sounder scientific infor¬ 
mat ion, greater emphasis was being 
plac ed npon specialized breeds of live¬ 
stock I r each area and purpose. 

The instory of the livestock industry 
in the "forth American grassland has 
never I ren told in a comprehensive 
manner or with objectivity and perspec¬ 
tive. Be . ides the bias of a particular 
frame ot reference which vitiates the 
standard accounts, the basic research 


for much, if not most, of a comprehen- 
sive history is yet to be done. The past 
of the livestock industry in all its as¬ 
pects needs to be written as a whole 
without pretense of telling the whole of 
the past. 

The particular frame of reference 
which distorts the history of the range- 
livestock industry is the result of undue 
emphasis upon the Texas influence and 
upon cattle. Of course, Texas has never 
been noted for modesty. According to 
United States history, the United States 
annexed Texas, but, according to Texas 
history, Texas annexed the United 
States. That is the Texas contribution 
lo the generalized theory of relativity. 

When Texas “brags,” of course it is 
done facetiously, and each “brag,” big¬ 
ger than its predecessor, is expected to 
bring a hearty laugh. Nevertheless, 
there is a serious side to the Texas 
exaggeration that has left an indelible 
impress upon the writing of the history 
of the whole western area of the United 
States and especially upon the history 
of the livestock industry and upon land- 
utilization policies. Webb's The Great 
Plains (1931) brought those elements 
together within the covers of one book 
in such a form as to give them a wide 
currency, if not influence. It incorpo¬ 
rated the Johnson geological interpreta¬ 
tions of the High Plains (see pp. 10-17, 
419—22) with the combined views of 
the Powell report on arid lands and the 
Johnson High Plains report on land 
utilization. All this fitted neatly into 
the “big cattleman's” view of the type 
of society that should monopolize the 
area and keep it in grass. The errone¬ 
ous view of Johnson on Pleistocene ge¬ 
ological history of the Plains is no 
longer a matter of doubt. Unfortunate¬ 
ly for accurate thinking, the social phi¬ 
losophies of both Powell and Johnson, 
especially the former, have gained an 
acceptance that is remarkably uncritical 
of geographical determinism and its 
consequential regimentation of society. 



359 


The Grassland of North America 


Among the merits of the Powell rc- 
ort on arid lands was the fact that he 
id recognize that the limited area with 
which he dealt possessed a unique char¬ 
acter that justified a special treatment. 
Yet, in spite of the fact that he was both 
a geologist and an ethnologist, his so¬ 
cial philosophy for the area was essen¬ 
tially a prescription of social statics. 
Landholding in large lots, except for 
limited irrigation communities, would 
have afforded opportunity for only a 
favored few; and this view committed 
him to a social structure so rigid and 
static as to be without capacity to ab¬ 
sorb even a normal population increase. 
At the same time, by creating a power¬ 
ful vested interest, the plan would not 
necessarily have insured constructive, 
long-term utilization policies. Quite cer¬ 
tainly it could not have prevented either 
the physical or the economic disasters 
of the 1930’s. 

Powell was notably blind to soil sci¬ 
ence and was in no sense abreast of the 
status of the subject even in his own 
day and in the environment for which 
his system was designed. At the time of 
the arid lands report in 1878, Hilgard 
had not yet published much of his basic 
ideas leading to a new soil science; but, 
as those contributions were issued, 
Powell failed to understand their signif¬ 
icance. He never realized what the soil 
problem was that needed to be under¬ 
stood. 

This emphasis upon Powell, Johnson, 
and Webb is not intended to leave the 
impression that the Powell plan was 
adopted as the policy for the original 
occupation of the arid region for which 
it was designed. But it did have some 
bearing upon more recent policies and 
still possesses an unfortunate propa¬ 
ganda influence. 

Besides cattle from Texas, the north¬ 
ern ranges were stocked from the Pacif¬ 
ic Coast (Oliphant, 1932, 1933, 1946, 
1948) as well as from the farms of the 
eastern states. The most important in¬ 


fluence of all, however, for reconstruc¬ 
tion of the history of the cattle industry 
as a whole has been the contribution of 
pure-bred animals from Great Britain, 
the European continent, and India and 
the creation of new hybrid breeds 
(Malin, 1947; Hazelton, 1939; Rhoad, 
1949). The story of sheep likewise is in 
the process of being reconstructed on a 
more meaningful basis (Wentworth, 
1942, 1948, 1954). 

The first English colonists to settle in 
what is now the United States brought 
with them the seed for traditional Eng¬ 
lish crops: wheat, oats, barley, rye, etc., 
and the tillage methods of the home¬ 
land. For various reasons, their labor 
achieved no great success. The Indians 
taught them the culture and uses of the 
maize, the Indian staple. One of the 
most remarkable aspects of European 
adaptation to America was the manner 
in which corn (Indian maize), espe¬ 
cially the dent type, became an integral 
part of American culture. When Ameri¬ 
cans reached the western extent of the 
tail-grass prairie where corn could not 
be depended upon because of the haz¬ 
ards of climate, they stubbornly per¬ 
sisted in growing corn because they 
could not, or would not, adjust to an 
agricultural system without it. A large 
jiart of the excessive hardships in the 
grass country of the late nineteenth cen¬ 
tury was the result of this failure in ad¬ 
justment. The soft wheats, spring and 
winter types, according to latitude, were 
likewise subject to a high casualty rate. 
The belated introduction to and reluc¬ 
tant schooling in the uses of hard wheat 
provided a remarkably reliable grain 
crop for bread. After the opening of the 
twentieth century came durum, a spring 
wheat suitable for macaroni flour. The 
hard spring wheats dominate the north¬ 
ern grassland and the hard winter 
wheats the central portion (Malin, 
1942; 1947, pp. 327-30; Ball, 1930; 
Clark et al., 1923). 

For the central part of the grassland 
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the sorghums became a major crop, 
affording a reliable substitute for com. 
Introduced Brst, after the middle of the 
nineteenth century, were the saccharine 
varieties, used for syrup, but which be¬ 
came more widely grown as a forage 
substitute for corn. Kaffir and milo, etc., 
were introduced near the end of the 
century. In their mid-twentieth-century 
forms, as developed by plant-breeders, 
the grain sorghums aflFord a reliable 
feed for livestock as a substitute for 
corn and thus have become an integral 
part of the range-livestock economy 
where corn could not be grown. This 
facet of the whole situation must be 
stressed as one of several which demon¬ 
strate that the range-livestock industry 
could not survive on grass alone. 

Fibers, both cotton and wool, were 
reduced extensively. Texas and Okla- 
oma were the leading short-staple cot¬ 
ton states but were challenged after 
World War II by California, which de¬ 
veloped the growth of irrigated, long- 
staple cotton under a highly mecha¬ 
nized regime. Historically, the range- 
sheep industry was identified almost ex¬ 
clusively with wool production, using 
the fine-wool breeds, especially the 
Merino. The shift to the dual-purpose 
English breeds for meat and wool came 
late. The interregional aspects of lamb 
production will be noted later. 

REGIONAL INTERRELATIONS 

No summary of commercial econo¬ 
mies of the grassland, however sketchy, 
can h)rego reference to the mineral re¬ 
sources of the region and their peculiar 
relation to the necessities of such an 
area. \Vithout forests, the grassland was 
depen* Jf ut largely upon outside areas 
for the ] i-ailding materials and fuel tra¬ 
ditional American culture. The search 
for subst? lutes for wood was persistent 
and not innnediately or fully successful. 
This introduces one of the most con- 
spicuous aspects of the occupance of 
the grassland—regional interdepend¬ 


ence. Not only the steam railroad but 
industrialization in all its aspects con¬ 
tributed what were essentials to the 
grassland economy. Capital and con¬ 
sumption goods furnished by the indus¬ 
trialized regions had to be paid for in 
money derived from cash crops. A de¬ 
gree of subsistence economy, such as 
had been the resort of the pioneer in the 
forest, was virtually impossible on nat¬ 
ural grounds, and this imperative de¬ 
mand for money emphasized the neces¬ 
sity of specialized cash crops. Railroads 
made possible the import of sawed lum¬ 
ber, which was put together with ma¬ 
chine-made nails. The grassland was 
characteristically a “sawed house,*' not 
a “sod house,” country and still re¬ 
mains so (Malin, 1944, 1950, 1954b, 
1954c). Coal for fuel was shipped in 
largely to supplement the lower-grade 
bituminous or lignite coals produced in 
some parts of the region (Malin, 1944, 
pp. 102-4; 1950a, chaps, i-iv, xvi, xix). 
The opening of the mid-continent oil 
and gas fiel& on a large scale after the 
beginning of the twentieth century af¬ 
forded for the first time an efficient fuel, 
not only for use in the grassland, but 
eventually for large-scale export to 
other regions. The industrial minerals 
existed only in the mountain areas, but 
the accent on uranium during the last 
decade opened unknown possibilities. 

Regional interdependency of another 
sort evolved out of the Texas cattle 
drives of song and story. First driven 
northward to market, the animals were 
found to fatten on the way, or were 
held on northern range to fatten on 
grass, before shipment by rail to Corn 
Belt feed lots or to market for slaughter. 

In 1887 the Santa Fe Railroad built 
southward into the Texas range country, 
and others followed. Soon afterward the 
controls for Texas fever were worked 
out. On the basis of these developments 
a stabili 2 :ed procedure evolved to ship 
soudiwestern cattle to the Kansas-Okla- 
homa bluestem pastures to be grass- 
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fattened for slaughter or to be fattened 
and matured for Com Belt feed lots. 
Out of these practices a favorable rail- 
rate structure emerged: billing, with 
pasture stopover privileges, and stand¬ 
ard pasture contracts from April 1 to 
October 1. According to the estimates 
of the United States Department of 
Agriculture's Agricultural Marketing 
Service, an annual average of 360,000 
head of cattle was received in these pas¬ 
tures over the period 1943-52. Not only 
was this a larger number of animals but 
it represented a far larger potential of 
high-quality beef than was ever mar¬ 
keted from the southwestern range dur¬ 
ing the most fabulous days of the no¬ 
torious Texas cattle drives, when grass, 
cattle, and Texans were supposed to be 
close to a “state of nature.'* This simple 
statement of facts suggests many more 
challenging questions about grass, soil, 
conservation, and cattle than can be 
considered here (Malin, 1942). 

The chain of established services just 
described, that is, breeding on the 
range, maturing, and grass-fattening in 
transit on the bluestem pastures, full- 
feed finishing in the Com Belt feed lots, 
and slaughter at the packing centers of 
Kansas City, St. Louis, and Chicago, 
represented, among other things, the 
pull of the great population centers of 
northeastern United States and Europe. 
It was an intricately woven pattern 
stretching diagonally across the United 
States, virtually from one corner to the 
other, and was the product of a complex 
of forces operating through a century 
of time. Like Topsy, it ‘just crowed" 
and was not planned, althou^, after 
it had taken shape, interested parties at 
various points and times did conscious¬ 
ly perfect details. In the sheep industry, 
although on a less permanent basis and 
in less volume, a somewhat comparable 
procedure also operated to move Idaho 
and Arizona lambs to feed lots near the 
major packing centers for finishing or 
to the winter-wheat pastures of the hard 


winter-wheat belt for maturing and fat¬ 
tening. 

The first challenge to these systems 
came from the Pacific Coast, especially 
from southern California, which was 
sustaining a phenomenal population 
growth (Buechel, 1933). The bid of the 
Pacific Coast for food supplies became 
conspicuous during the depression dec¬ 
ade of the 1930's and mounted to all 
but revolutionary proportions during 
and after the World War II boom. The 
economic continental divide had been 
located some distance west of the phys¬ 
ical continental divide. Before the end 
of World War II the economic divide 
had moved eastward to such an extent 
as to draw much business to the south¬ 
ern Pacific Coast from western Nebras¬ 
ka, Kansas, Oklahoma, and a large part 
of Texas (Haystead, 1945; Malin, 1947, 
pp. 318-22). Thus far, the Pacific 
Northwest has not generated a com¬ 
parable drawing power from the north¬ 
ern end of the grassland (Freeman and 
Martin, 1942). Great oil and gas devel¬ 
opments and hydroelectric power may 
operate similarly in that area, but on the 
eve of atomic industrial power the his¬ 
torian must refrain from prophecy. 

The interrelationships that have be¬ 
come effective between or among re¬ 
gions have not been the consequence of 
any preconceived plan, but «iat does 
not mean that no planning was under¬ 
taken. During the winter of 1876-77, 
and while the controversy was pending 
over the outcome of the disputed presi¬ 
dential election of 1876, a conciliation 
program was proposed. According to 
this plan, a throu^ railroad was to be 
assembled and/or constructed from 
Philadelphia through the southern 
states to connect with the Texas and 
Pacific Railroad and southern California 
(Woodward, 1951). Had this over-all 
project been executed together with a 
favorable rate structure, the effects upon 
the Old South and upon the southern 
grassland would have Been momentous. 
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Possibly the Texas-Kansas-bJuestem 
pasture—Corn Belt—Chicago system pre¬ 
viously described might not have 
emerged. 

At the outbreak of World War II a 
similar plan was before the Interstate 
Commerce Commission, with a view of 
making Richmond, Virginia, a packing 
center and of diverting southwestern 
livestock through the Gulf states to be 
fed on their way east. World War II 
blocked the plan, but it was fought by 
all the interests in the Texas-Kansas- 
Corn Belt-Chicago system already in 
being, as well as by southern California, 
just then drawing heavily upon the same 
source for supplies of meat. One obser¬ 
vation at least about the proposed Rich¬ 
mond plan is in order. Like much social 
planning of such magnitude, there was 
little, if anything, that was positive in 
the system for the country as a whole; 
its conspicuous characteristic was a 
proposal to benefit one region at the ex¬ 
pense of others without any certainty 
of benefiting anybody on a long-term 
basis. 

STRATEGIC STATUS 

The regional interdependence just 
described was the product of railroads, 
supplemented by internal combustion 
engines on land wheels, whether trac¬ 
tors, trucks, or automobiles. New forces 
of air communications were at work on 
a reorientation and a redistribution of 
po\v(T. Already the fact has been 
pohiud out that, for the first time in 
histrvj ,, the potential of land-mass 
powt'f lt.>d been implemented by steam 
railin g Is, dating from the mid-nine¬ 
teenth r^tury. The internal combustion 
engine its several applications to sur¬ 
face in . -ment in space supplemented 
and cxi( led what steam railroads had 
begun, he effect of air power was not 


necessarily to withdraw the loan of 
power from geographical positions in¬ 
trusted with power under the rail 
regime. But the strategic significance of 
every site underwent a re-evaluation in 
terms of air power. Significantly, in a 
north circumpolar system, the North 
American grassland interior again rated 
a new loan of power, but subject to a 
substantial reassessment of relationships 
—among them a north-south orientation 
in addition to, rather than instead of, 
the exclusive east-west orientation of 
surface communication systems. Besides 
being called upon to provide bread, 
meat, fibers, coal, oil, gas, and uranium, 
the North American grassland served 
other functions at the mid-point of the 
twentieth century. 

At the center of the North American 
continental land mass, this grassland 
contained the nerve centers of the mili¬ 
tary communication systems that de¬ 
fend or strike in its behalf. In such a 
perspective would anyone be so naive 
as to insist that the problem of the 
grassland could be solved by turning it 
back to the Indian or to the cattleman? 
Instead of a return to the simplicity of a 
grazing country, the challenges of atom¬ 
ic power indicate a further incorpora¬ 
tion into the complex network of areal 
and cultural interdependence. Much 
more, indeed, has become involved 
than the exclusive interests of the 
United States as an individual nation. 
This grassland region of North America, 
the interior of the United States and 
Canada, occupies one of the key geo¬ 
graphical positions in the north circum¬ 
polar system of political power actually 
in being. Intrusted with such a loan of 
power, a heavy responsibility rests uprm 
its holders for the use that is made of 
the opportunities committed to its 
charge. 
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The ^ge of Fossil Fuels 

EUCENE AYRES' 


Significant changes in man’s way of 
life have often come about with almost 
inconceivable slowness. The character¬ 
istics of an age do not dawn suddenly 
upon our conseiousness but are likely 
to be fully realized only when we have 
gone so far upon the long new path that 
the end of the path is almost in sight. 
Is the so-called “atomic age” an excep¬ 
tion? I do not think so. The very readi¬ 
ness with which we have accepted nu¬ 
clear energy and have woven intricate 
scientific fancies about it seems to strike 
a false historical note. Almost the only 
thing we can say with assurance about 
the future is that it will bear little re¬ 
semblance to preconceptions of it. 

Ri<;m o I V. Ti i<;(; i nn i ncs 

No one can say when the age of fossil 
fuels began. We might set the date be¬ 
fore 6000 B.C., when the forests in the 

* Mr. Ayres is consultant to the Gulf Re¬ 
search & Development Company, Pittsburgh 
Pennsylvania. In 1934 he became associated 
with this company to undertake the orgamza 
tion and direction of research concerned with 
the refining of petroleum and rcfim cl petroleum 
products, later becoming Technical Assistant lo 
the Executive Vice-President of the Gulf Lab¬ 
oratories. During the past few years, Mr. 
Ayres has devoted most of his time to the 
study of national and international energy re¬ 
sources—production, use, and economy—and 
is consultant to several goxernmont agencies 
and petroleum industry organizations. Holder 
of more than fifty patents on a wide variety 
of inventions, he also is the authm of nu¬ 
merous articles in various technical fields and 
is co-author, with C. A. Scarlott, of Energy 
Sources: The Wealth of the World, 1952. 


(Jarden of Eden had almost disap¬ 
peared and when the fertile valleys had 
become desert. Or when the Babylo¬ 
nians began to use pools of native as¬ 
phalt. Or when ancient Persian kings 
(according to Aristotle) had their food 
cooked in caves where seepages of nat¬ 
ural gas were continuously aflame. Or 
when the Chinese, about two thousand 
years ago, were mining coal and using 
it in considerable volume. Or perhaps a 
little later when the Chinese drilled la¬ 
borious wells through solid rock to tap 
great reservoirs of natural gas. Or when 
the Burmese, beginning before the tenth 
century, similarly drilled wells to tap, 
abundantly, the reservoirs of liquid oil. 

The real beginning of the fossil fuel 
age may be more properly regarded, I 
believe, not as a matter of production 
but as a matter of effective utilization, 
and this came much later. 

An understanding of the present age 
requires that we see how it came into 
being. As Becker (1932, p. 19) has said, 
“We can identify a thing only by point¬ 
ing to what it was before it became the 
thing that it will presently cease to be.” 

By the thirteenth century, England’s 
forests had been seriously depleted and 
people were cold. King Henry III gave 
his grudging consent to the inhabitants 
of Newcastle to mine coal. This was 
about a thousand years after the Roman 
invaders had burned coal in England 
and more than a thousand years after 
the beginning of Chinese coal produc¬ 
tion, but Henry’s act made an official 
beginning in England. Henry’s son, Ed- 
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ward I, found it necessary to propitiate 
the barons, and he signed a decree pre¬ 
scribing the death penaJty for the burn¬ 
ing of coal in London while Parliament 
was in session, “Jest the health of the 
Knights of the Shire should suffer dur¬ 
ing their residence in London.” At least 
one man was executed for this crime. 
Later, Queen Elizabeth I also signed a 
decree against the use of coal. France 
in earlier centuries had legislated 
against the use of coal, but in 1600 
Henry IV of France exempted coal from 
the ground rent of the one-tenth due 
the sovereign by virtue of his royal right 
and prerogative. The French had al¬ 
ready perceived the utility of encourag¬ 
ing the production and use of fossil 
fuels. Unfortunately, this perception 
was to become dull in later years, and 
France, like England, was to become 
prematurely deprived of its magnificent 
forests. 

By the fifteenth century the forests of 
Scotland were already largely a thing 
of the past. Pope Pius II, whose writ¬ 
ings are said to have influenced Chris¬ 
topher Columbus, told how he had seen 
at the doors of churches in Scotland 
mendicants in rags who “received for 
alms pieces of black stone with which 
they went away contented. Tliis species 
of stone they burn in place of wood of 
which their country is destitute” (Tay¬ 
lor, 1845, p. 211). 

st:ventee:nth century 

In Uie early part of the seventeenth 
centiuv a Franciscan missionary trav¬ 
eled through what is now Upper New 
York Si ale and reported “some very 
good oii’ there issuing from the ground. 
The item aroused no particular interest. 
Petroleum was already well known but 
was of no importance anywhere. In par¬ 
ticular, .\mcrica was a vast wooded 
wildenit and no one knew or cared 
about th« stores of coal, oil, and gas be¬ 
neath the forest floor. 

By 1650 a fair start had been made at 


coal utilization in England, Scotland, 
B(‘igium, and France. Two sailing ves¬ 
sels were constantly employed in earrv- 
iiig coal from Newcastle to London, and 
England's export trade in coal was un¬ 
der way. Most of the coal then burned 
in Paris was from Newcastle. The price 
of coal on board ship at Newcastle was 
about a dollar a ton ( 10s. for a chaldron 
of 53 cwt.). But Oliver Cromwells 
Parliament was petitioned by the peo- 
23le of London against two nuisances— 
hops and coal—because “they spoyle the 
taste of drinck and endanger the peo¬ 
ple" {ibid., p. 320). Gas at this time 
was described by the Chinese as being 
applied very advantageously to eco¬ 
nomic uses. These uses were not under¬ 
stood by contemporary European re¬ 
porters—in no sense technologists—who 
said, in effect: “We have wells of water 
in Europe, but the Chinese have wells 
of fire. Beneath the surface of the earth 
arc mines of sulfur which are already 
lighted. They have only to make a small 
opening whence issues heat enough to 
cook whatever they wish." We know 
now that the Chinese at this time were 
carrying out certain industrial opera¬ 
tions with the heat of burning natural 
gas. About a century later the Western 
world learned some of the details—how 
gas was being distributed in bamboo 
pipe lines with clay terminals to homes 
and industrial establishments. Streets 
of some towns and many homes were 
lighted with gas, and gas was being 
used to heat buildings and to evaporate 
brine. Central heating with gas and 
coal had been widely practiced for 
many centuries, although not continu¬ 
ously. Such arts were used for a few 
generations, lost because of some eco¬ 
nomic or military cataclysm, and then 
rediscovered. (One period of rediscov¬ 
ery of central heating in China came 
about A.D. 900.) 

Coal was common in China. The 
mountains west of Peiping contained 
“coal in such abundance that a space 
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without meeting with rich strata/’ Goal 
in Peiping was abundant and was sold 
at a moderate price. The provinces of 
Shansi and Chihli were supplying large 
quantities of coal. Many boats were be¬ 
ing used continuously for transporta¬ 
tion of anthracite from Liaotung to 
Tientsin. Both anthracite and bitumi¬ 
nous coal were in the Nanking and 
other Chinese markets—also coal bri¬ 
quettes for the fires of the poor. Coal 
brought into Canton was high in sulfur 
and ash and was used for the manufac¬ 
ture of green vitriol. Iron ore was being 
smelted with anthracite. This was in the 
seventeenth century, when the utiliza¬ 
tion of coal in England was much more 
primitive and when coal in America 
was still unknown. 

The earliest notice of the presence of 
coal in America came in 1665, when a 
French missionary marked “houille” on 
a map of the country then occupied by 
Indians at Pimitoui (now Peoria, Illi¬ 
nois ). This was almost a century before 
coal was known to exist in Pennsyl¬ 
vania. Purchases of land from the Indi¬ 
ans by William Penn and his family, 
and later by the proprietaries, did not 
include any portion of the coal land of 
Pennsylvania until 1749. In that year 
the 3,750 square miles embracing the 
whole anthracite region were acquired 
for £,500 ($2,000)! And acquisition of 
bituminous coal lands came even later. 

Before 1700, European technologists 
were finding new things to do with 
coal. British patent No. 214 was for dis¬ 
tillation of coal to obtain coal tar. J. J. 
Becher, a German “chemist” who had 
been trying to transmute Danubian 
sand into gold, published a report on 
coal gas. An English patent was granted 
for “a way to extract and make great 
quantities of pitch, tar, and oil out of a 
sort of stone.” This stone was oil shale. 
The idea was to be used on a limited 
scale in England about a century and a 
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half later. Its general use is still in the 
future. 

KIGHTKENTII CENTURY 

The use of coal in England grew rap 
idly. By 1700 about six hundred sailing 
vessels were engaged in the London 
coal trade, and coal was selling in Lon¬ 
don for the equivalent of about four 
dollars a ton. Some unknown English 
inventor tried the smelting of iron oie 
with coke instead of wood charcoal, but 
this use of coke (from bituminous coal) 
was not to become general in England 
for a century, and an additional half- 
century was to pass before coke super¬ 
seded charcoal in America. In both 
places the Chinese process of anthracite 
smelting was rediscovered and used be¬ 
fore coke. 

In 1715 France began commercial 
mining of coal (Anzin); England 
started, in a small way, to smelt iron ore 
with coke (Colebrookdale); and the 
first blast furnace was erected in Amer¬ 
ica (eastern Virginia)—but here char- 
co; 1 was the fuel, for it was not until 
1785 that coal-rnining started in Amer¬ 
ica. Local wood near Richmond, Vir¬ 
ginia, had, at last, become scarce, and 
transportation of wood was impractical. 
By this time steam-engine pumps were 
in quite general use in England to drain 
water from deep mines, and now this 
operation began in France. This was 
the small beginning of the conversion 
of heat to power. 

In the 1750’s Samuel Johnson com¬ 
pleted his famous Dictionary of the 
English Language. “Coal” was well de¬ 
fined, and so was “petroleum,” but a 
“mill” was “in general an engine in 
which any operation is performed by 
means of wind or water; sometimes it 
is used of engines turned by hand, or by 
animal force.” No mention was made of 
steam as a motive force. It was also 
about this time that the presence of pe¬ 
troleum in northwestern Pennsylvania 
was noted on a map of the “Middle 
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British Colonies in America/' The word 
‘^petroleum” was printed close to the 
present site of Titusv^illc? and Oil City 
the very area that was to have the 
first walcl Anieri(*aii oil hoow a century 
later. Thus the occurrence of oil in 
Pennsylvania was recorded several 
years before the occurrence of coal 
there was reported. But petroleum at 
this time was already being produced 
on a small scale in Bumania, and pro¬ 
duction was now started also in Galicia. 

By 1760 a few tons of bituminous 
may have been dug up and used local¬ 
ly in western Pennsylvania. But this is 
by no means certain, for Pennsylvania 
coal was not known east of the Alleghe¬ 
nies for about a half-century, and up to 
this time there was probably not a 
white man living within the limits of 
the present Allegheny County. 

In 1766 anthracite coal was reported 
in eastern Pennsylvania, and a few tons 
were consumed in a local blacksmith's 
forge. At this time the proprietaries 
made their last purchase of land from 
the Indians. This purchase embraced 
the whole great area of bituminous land 
in Pennsylvania, and the purchase price 
was about $10,000. The land was 
valued, of course, not for its coal but 
for its vast resource of timber. At this 
time petroleum was also in the news. 
Since moderate importation of Burmese 
petroleum for a century was beginning 
to picpie the curiosity of London, the 
go\ < ! nor-gcneral of India .sent Major 
Mid >(‘1 Symes of the British army as 
amha ador to the Burmese king. Symes 
rcpo! i< t i that the annual petroleum pro- 
ductiot, of Burma was about 400,000 
hogslu !s. He counted 520 oil wells in 
a siOvi! area bordering Petroleum 
Cret'k, tributary of the Irrawaddy. 
Somei). ^ Britain was unimpressed. The 
British \ aited until a half-century later 
to makr ,, more detailed report of the 
phenom aion. 

The indifFrrence of Western nations 
is odd, considering the fact that the 
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suitability of 2 ^e?troleuin as a fuel was 
then well known in Europe. And David 
Zeisberger, famous Moravian mission¬ 
ary to the Indians, reported in 1769 that 
the oil being collected in Forest County, 
Pennsylvania, '‘can be used in lamps'" 
(Egle, 1877, p. 613). But America had 
no real need at this time for any fuel 
except wood. This was pointed up when 
the Provincial Convention held in Phil¬ 
adelphia in 1775 adopted a lengthy and 
detailed resolution covering all the 
items of agriculture and manufacture 
that the authors considered important 
to the defense of the Colonies. Fuel was 
not mentioned. 

Immediately after the American Rev¬ 
olution the first American coal-mining 
company was organized at Pottsville, 
Pennsylvania. The first few tons of coal 
(anthracite) were sent down the Sus¬ 
quehanna River from Wilkes-Barre to 
the armory at Carlisle, Pennsylvania, 
probably for use in blacksmith forges. 
This was the tiny beginning of the great 
coal production in America. On the 
other side of the earth, in India, 73 tons 
of coal were sent down from Burdwan 
to the armory at Calcutta. Burdwan 
coal was to become of minor impor¬ 
tance later on, but Indian production 
has not even yc't fulfilk'd its potentiali¬ 
ties. 

At long last coal was recognized in 
America as a resource of consequence. 
The first sale of land purchased because 
of its coal was recorded in 1785 at 
Clearfield, Pennsylvania, but the first 
load of coal from this land was not 
shipped for nineteen years! In the 
meantime Russia was employing Eng¬ 
lish miners to dig coal along the Donets 
River. At this time France produced 
about 213,000 tons of coal and imported 
much more than this amount from Eng¬ 
land. The United States imported 3,850 
tons of coal and produced almost none. 
The price of coal in London had risen 
to $10.00 a ton. American petroleum 
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was selling for $16.00 a gallon, but as a 
medicine rather than as a fuel. 

The discovery of coal in the Lehigh 
Valley came in 1791. A sample of the 
hard anthracite was taken to Philadel¬ 
phia, where a group of adventurous 
men thought that something profitablci 
could be done with it. So they formed 
the Lehigh Coal Mine Company. Their 
hopes were doomed, for nobody would 
buy or use such coal at this time. The 
company was succeeded some years 
later by the Lehigh Coal and Lehigh 
Navigation Companies, which pros¬ 
pered mightily. 

1800 TO 1850 

The story of the battle to win accept¬ 
ance for coal in America is interesting. 
In 1800 the only American concern 
with coal of any sort was on the Atlan¬ 
tic Seaboard, where a little bituminous 
was being imported from England. 
Commercial use of coke for ironmaking 
was still far in the future for America 
but was in some use in Europe (e.g., in 
Upper Silesia), and coal tar was in com¬ 
mercial production in England. More 
than 99 per cent of the heat produced 
in America was from the burning of 
wood. 

In 1804 the first coal of any sort 
reached the interior villages of the 
American East. A little bituminous was 
floated down the Susquehanna River to 
Columbia. This was a great surprise to 
the inhabitants of Lancaster County, 
Pennsylvania, who had never seen coal 
before. 

In 1808, for the first time in America, 
a grate was constructed for the use of 
anthracite for domestic heat. The grate 
was made for Judge Jesse Fell of 
Wilkes-Barre, Pennsylvania, who wrote: 
“Made the experiment of burning the 
common stone coal of the valley in a 
grate, in a fireplace in my house, and 
found it will answer the purpose of a 
fuel, making a cleaner and better fire at 


less expense than biiruiug wood in th(' 
common way” (ibid., p. 876). 

News of this sensational discovery 
.spread over the countryside, and people 
came to witness the phenomenon thaJ 
had been so familiar to the Chinest' 
about two millenniums earlier. Soon, 
similar grates had been constructed by 
Judge Fell’s neighbors. In the same 
year, John and Obigah Smith loaded 
two arks with anthracite in Ronson’s 
Caeek and floated them down the Sus- 
<|uehanna to Columbia. The people of 
Columbia had seen bituminous a few 
years before, but never anthracite, and 
no one conld be induced to bnv. The 
“black stone.s” had to be left behind in 
a dump heap. Not discouraged, the 
Smith brothers took two more arks of 
coal down the river the next year, but 
this time they took along one of Judge 
kVIl’s grates. The practicability of us¬ 
ing the “black stones” as domestic fuel 
was convincingly demonstrated, and the 
coal was sold. Thereafter the market 
was grudgingly assured. 

While this first primitive appreciation 
of coa’ was Ix'ing developed in the 
United States, coal-gas lighting was 
spreading in London. Street lighting 
with gas did not start until 1810 in Lon¬ 
don. World street lighting was limited 
to a few whale-oil lamps in London and 
to a few petroleum-distillate lamps in 
Genoa and Parma. The distillate was 
obtained from petroleum flowing from 
a well in Modena, Italy. Added "to this 
were lamps in India supplied with oil 
from Burma-but this had been going 
on for many centuries. Because the de¬ 
mand was so meager, the cost of petro¬ 
leum in America dropped to $1.50 a 
gallon. 

The periods from 1780 to 1820 in 
America and from 1800 to 1820 in Eng¬ 
land saw intensive development of 
power uses for the steam engine, but 
this had no effect on fossil fuel con¬ 
sumption, for wood was used almost en¬ 
tirely as fuel for steam-raising, and 
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wood charcoal was the preferred fuel 
for iron manufacture. The impetus to¬ 
ward large-scale substiiiition of heat 
power for animate power was begin¬ 
ning to be felt in llie Wc'stc'in worJd, 
but it was not to become really impor¬ 
tant until th(' t\^'(•nt^(■t}l century, when 
generation of electric power (from 
coal) and the internal combustion en¬ 
gine (for petroleum) were well 
launched. 

During the first decades of the nine‘- 
teenth century the Chinese are said to 
have had about ten thousand wells at 
the foot of tlie high mountains of the 
Tibetan chains (Taylor, 1845, p. 402). 
Many individual Chinese personally 
owned hundreds of wells producing 
brine and natural gas and averaging 
about tw('K^e barrc’ls a day of oil. The 
wells were through rock, with walls as 
polished as glass. In general, they were 
almost 2,000 feet deep (sometimes 
3,000) and 5 or 6 inches in diameter. 
Tliey had hcfui drilled without povvc'r 
inacliinery, but so was the famous 
Drake well that came forty-seven years 
later. 

While anthracite had been used in 
China for centuries, it was having a 
rough time not only in America but in 
Fhigland. Bakewell, in the first edition 
of his Geology (1813, p. 47), remarked: 
“It is true that a considerable part of 
the coal in South Wales is of an inferior 
(juality [anthracite] and is not at pres¬ 
ent burned for domestic use; but in 
pr<)|v>vtion as coal becomes scarce, im- 
pro\(Hi methods of burning it will as- 
sur(’fl!\ i)e discovered." 

Bv ;S1.5 bituminous coal was being 
used Pittsburgh to operate steam en¬ 
gines h ; generation of about 150 horse- 
powe r ?bis meant that industrial con- 
sumpti m of coal in Pittsburgh was 
about , tons a year, and this was 
probald^ 7i()t far from the total United 
Stales ind istrial consumption of dome.s- 
tic coal, liidnstrial use of anthracite was 
about nil. Fried at the Philadelphia 


\\'ater Works, it was rejected because 
it "put the fire out" One of the prin¬ 
cipal manufacturers in Philadelphia, a 
Mr. Wethcrill, buried the coal that had 
been consigned to him. Others crushed 
the coal and used it like gravel. Inten¬ 
sive sales effort was employed, includ¬ 
ing the printing of dirc'ctions for burn- 
ing, provision of certificates of approval 
from blacksmiths, and even bribery of 
foremen. A handicap to development 
was the relatively high price ($14.00 a 
Ion) because of cost of transportation. 
But the price cT English coal in New 
York was about $17.00 a ton (duty was 
$2.75). Wood and wood charcoal were* 
soon to become even more costly. 
France', in 1815, produced 870,000 tons 
of coal and imported 230,000 tons from 
England. No figures were yet available 
on English production. 

By 1820 the first consignment of coal 
from Wilkes-Barre reached Philadel¬ 
phia. The total production of anthracite 
in the United States was estimated by 
Taylor (1845, p. 217) as not over 365 
tons.^ But the use of anthracite was to 
grow very rapidly, for, six years later, 
Philadelphia brought in 16,000 tons. A 
writer expressed his opinion that an¬ 
thracite would some day become the 
principal fuel not only of Philadchdiia 
but of some other cities. He was talking 
about domestic use, for even in 1830 al¬ 
most no anthracite was being used in¬ 
dustrially. And even for domestic heat, 
coal was of minor consequence. France 
was in about the same stage as America 
except that its records were much more 
precise. Charcoal was used all over the 
world, except in China and Wales, for 
the smelting of iron ore. 

The first use of anthracite in America 
to raise steam for operating a steam en¬ 
gine came in 1830 in Pottsville, Penn¬ 
sylvania. Abraham Pott used special 
grate bars that could resist the high 
heat of combustion. Thus, iron, made 

1. I Ik'Hcn'c that .some recent estimates of 
ahonf ten times this amount are in error. 
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with wood charcoal, in turn made pos¬ 
sible the burning of coal to provide 
steam for an engine used to saw wood. 

In the 1830 s wood was still king, but 
coal was growing. Annual consumption 
of domestic fuel in New York City was 
valued at $616,000 for wood, $100,000 
for wood charcoal, and $613,000 for 
coal. Most of the coal was anthracite, 
but some was bituminous from Vir¬ 
ginia. Philadelphia spent $740,000 for 
wood and $404,000 for coal (all anthra¬ 
cite). These figures do not include im¬ 
ported fuel. Vienna, with a much larger 
population than New York City, spent 
the equivalent of $300,000 for wood, 
$100,000 for wood charcoal, and only 
$30,000 for coal. 

During tlie 1830’s oil wells were be¬ 
ginning to appear in the United States. 
One, in Burksville, Kentucky, gushed 
oil 12 feet into the air before subsiding 
to a more moderate flow. We were do¬ 
ing what the Chinese had been doing 
for many centuries—drilling wells for 
brine and often finding oil or gas in¬ 
stead. And people began to notice oil 
seepages all over the world. In western 
Iran, where so much oil is being pro¬ 
duced today, exudant liquid bitumen 
was being collected in the way de¬ 
scribed by Herodotus about twenty-four 
hundred years ago. Productive springs 
of naphtha were in operation on the 
borders of the Persian Gulf. Oil from 
the provinces of Fars and Azerbaijan 
was being used in lamps and to coat the 
bottoms of vessels on the Tigris and 
Euphrates rivers. In fact, oil was noted 
in the majority of places where modern 
production has been successful—Baku, 
Venezuela, California, Mexico, Texas. 
Men began to wonder what the even¬ 
tual importance of oil might be. Some¬ 
one said: “It surely was not placed 
there in vain” (Taylor, 1845, p. 218). 

In 1840 an official attempt was made 
through the Census Act to determine 
the production of bituminous coal in 
the United States, but the attempt was 
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a failure. It was thought by many that 
"this species of investigation savors too 
much of scrutiny into the private affairs 
of men, and is unsuited to the spirit of 
republican institutions.” The statisti¬ 
cians of the period concluded that the 
extent of the bituminous coal fields was 
so large that “it seems futile to hazard 
even the roughest calculation.” This iin 
certainty was to continue for a decade, 
but it was assumed that production of 
bituminous was somewhat less than 
production of anthracite, the amount of 
which could be estimated with reason¬ 
able accuracy because so much of it 
was shipped by common carrier. 

A guess was made in 1840 that about 
a million tons of bituminous were pro¬ 
duced in Pennsylvania and perhaps an 
additional half-million tons in West 
Virginia and Kentucky. These figures 
do not agree with actual census returns 
for the year, but, in ni)' opinion, they 
are probably more accurate. France 
kept good records: its production of 
coal was nearly three million tons. But 
in spite of the fact that Britain was the 
oldest coal-producing nation, its records 
were as indefinite as ours. Not even a 
good guess could be made of Britain's 
production in 1840 except that it was 
jn obably larger than that of France and 
the United States combined. Belgium 
was in second place. Any statistics prior 
to 1850 (except for France) must be 
regarded with suspicion. 

An increasing proportion of the iron 
of the world was being produced with 
coal, but in the United Slates all blast 
furnaces except six were still using char¬ 
coal. 

Much of the coal in the middle of the 
nineteenth century was being mined by 
actual, or virtual, slaves. But laws were 
being passed in France, the Nether¬ 
lands, Belgium, and the United States 
for the regulation of mining. Britain 
was the last to establish a system of hu¬ 
mane, judicial interference. In spite of 
laws, miners were being poorly treated 
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(everywhere. In the United States the 
wage in Pennsylvania was 87.5 cents a 
day. In England and Scotland thou¬ 
sands of females w(mc being used as 
beasts of burden to cany coal from the 
mines, the ordinary load for a woman 
1)cing 230 pounds. The report of the 
Midland Commission was characterized 
by sickening and almost incredible de¬ 
tails of such coal-mining practices in 
Britain. Long after the Civil War had 
freed our Negro slaves, England was 
still regarding its wdiite mining forc(3 as 
a part of capital investmcait. Denmark 
was using convict labor. 

Contemporary estimates of the life 
of coal reserves of the United States 
and the world are interesting today, be¬ 
cause they were so fearfully wrong. It 
was thought then that Pennsylvania had 
as much coal as we now believe can be? 
ju'oduced ultimately by the (.'ntire na¬ 
tion. United States coal was expected 
to Ix" adequate for a great many thou¬ 
sand years. This fallacious conception 
Iast(‘d a full century. We believe now 
that our peak of coal production (all 
grades) will come within a hundred 
years if some of the higher coal-con- 
sumption estimates can be relied upon. 
United Stat(\s anthracite rc'ached its 
pt'ak of prc^duction in 1915. The peak 
of production of “cheap c'oal”—coal that 
can b(' mined at anything like present 
(osts—is likely to be around 1975. It was 
thou gilt that ccxd fields in Britain could 
])ro(luce 116 billion tons, “or more than 
5,5(Ki years of supply for cc^nsumption 
and V portation.” But Britain’s coal pro¬ 
duct; has already passed its peak. 
The ;] future belongs not to Britain 
but t ;,e rest of the world. 

1850 TO 1900 

Figu s for 1850 are the first that can 
be reliM upon. Total coal production 
of the w ;]d was about 50 million tons, 
with Brit oil, supplying 62 per cent. Bel¬ 
gium, tht United States, and France 
each supplied about 11 per cent. We 


had 540 blast furnaces, of which only 
43 were not using wood charcoal. These 
43 were using anthracite coal, but an¬ 
thracite was to be promptly supplanted 
by coke from bituminous coal—already 
common in England. 

Transportation of bituminous was a 
2 :)robIern. This is highlighted by the fact 
that, while Pittsburgh was consuming 
three-quarters of a million tons, only 
40,000 tons were finding their way east 
of the Allegheny Mountains. The rail¬ 
road systems werc^ sc^on tc^ tak(' care of 
this. 

By 1850 the great deposits of sub- 
bituminous coal and lignite on the east¬ 
ern flank of the Rocky Mountains had 
been roughly located. This coal area 
had been described (Taylor, 1845, p. 
575) as exceeding “all others on tlie 
present surface of our jilanet.” More 
than a century later we arc looking for¬ 
ward to extensive use of this store of 
energy. 

Tlie 1850’s saw the awakening of 
world-wide interest of Western nations 
in liquid fuel. James Young, in England, 
took out his patent for obtaining oil by 
distillation of cannel coal and oil shale. 
Two Boston chemists started to make 
lubricating oil from coal tar. A Cana¬ 
dian geologist developed a process for 
making oil from coal and founded the 
New York Kerosene Oil Company. 
Large plants were built in Boston and 
Portland for making liquid fuel from 
coal and oil shale, and some fifty smaller 
plants appeared at various inland 
points. Oil wells were not uncommon. 
A* least a dozen men owned wells with 
moderate production, and oil was hav¬ 
ing a ready sale. But synthetic oil from 
coal was being produced twenty times 
as fast as natural petroleum. Smart men 
of the time thought that we were enter¬ 
ing upon a synthetic-oil period, but they 
were wrong. 

The famous Drake well, drilled in 
1859, was not the first well for petro¬ 
leum and by no means the largest. The 
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well was drilled in about the same way 
that the Chinese and Burmese had 
drilled their wells a thousand years 
earlier. But, for some strange reason, 
the Drake well aroused the imagination 
of speculators. People with a little 
money flocked to the wilderness of 
Pennsylvania to try their luck without 
benefit of technology. Some made for¬ 
tunes, while others became bankrupt. 
The net result of eight years of violent 
confusion was proof that petroleum and 
natural gas could be produced in the 
United States in abundance, as it had 
been produced in Burma in abundance 
for many centuries. We had been rang¬ 
ing the seven seas for whale oil, and our 
whale oil ‘‘take” for 1859 was two hun¬ 
dred times our oil production, but it 
seemed to occur to no one to import 
Burmese petroleum. Perhaps this is be¬ 
cause such importation would have in¬ 
volved so much less physical danger 
and hardship than whaling or, indeed, 
than oil production in Pennsylvania in 
those initial years. Until recently, Amer¬ 
icans have been a romantic and specu¬ 
lative people. 

At the end of eight years of violent 
turmoil, the oil boom subsided in Penn¬ 
sylvania. The drop of oil production in 
those early wells to a mere trickle had 
a sobering effect. Drunken audiences no 
longer threw five-hundred-dollar bills 
on the stage in appreciation of cheap 
shows. Men no longer threw fireballs 
into oil tanks. Locomotives no longer 
fixed chains about oil pipe lines to up¬ 
root them. Personal degradation, dis¬ 
honesty, and murder were no longer ac¬ 
cepted as normal. The oil business was 
about to mature. 

Smart people (John D. Rockefeller, 
for example) thought we were entering 
a period when petroleum was to light 
the lamps of the world. There was no 
other known use for petroleum at that 
time. But, of course, these people were 
wrong. Electric lighting had already ap¬ 
peared above the horizon and was 


destined soon to supplant kerosene. Un¬ 
suspected by petroleum pioneers, the 
internal combustion engine was ready 
to take the load of production in the 
twentieth century, after smart people 
(in Wall Street, for example) thoughl 
we were entering a period of steam 
motorears and, later, electrie motorcars. 
They, too, were wrong. When the in¬ 
ternal combustion engine was estab¬ 
lished, smart people (Henry Ford, for 
example) thought that we were enter¬ 
ing a period of expensive cars for the 
few. Later, Ford and others discovered 
that the trend was toward relatively in¬ 
expensive cars for the many. 

laterally no one has foreseen the pres- 
(‘iit universality of American motorcar 
use. Now that the highways are almost 
saturated with gasoline-burning vehi¬ 
cles, we call this a motorcar age, but 
recorded predictions make incredible 
reading. They came from automotive 
companies, oil companies, investment 
bankers, and economists. They were all 
wrong—even predictions as recent as 
1950. This is no reflection on their in¬ 
telligence. But I believe it is a reflection 
on present intelligence when we pre¬ 
sume to know what the next age will 
be like. 

But we are ahead of our story. 

By 1870, when both coal and petro¬ 
leum had been launched in the world, 
no country was yet mt'chanized with 
mobile power except for the locomotive. 
We had more than half the railroad 
mileage of the world, and steam loco¬ 
motives had finally supplanted horses 
and mules; but railroads had all been 
built without benefit of tractors, bull¬ 
dozers, or power equipment of any sort. 
Our system, and all other systems, had 
been built by the sweat of men and 
horses—as the ancient pyramids had 
been built by the sweat of the Egyp¬ 
tians. Smart people thought that rail¬ 
roads were the most conservative of all 
investments, but they were wrong. By 
the time power equipment was avail- 
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able (in the twentieth century), railway 
systems had reached their peak and 
were thereafter to decline, because 
power equipment has been used to 
build competitive highway systems for 
cars, busses, and trucks. 

Steamships were common, but they 
still all had sails. Sails were beginning 
to be considered auxiliary to steam 
power instead of the other way around. 
But England had only two naval steam¬ 
ers. The rest depended entirely upon 
sails. McCormick reapers were multiply¬ 
ing on the farms, but they were all 
horse-opfjrated. Most mining was still 
done with wood as fuel, and many 
thousands of acres of woodland were 
being denuded to supply fuel for steam 
boilers. 

But the foundations for power equip¬ 
ment had been laid. Everywhere wood 
was becoming scarce and expensive, 
and coal and oil were becoming plenti¬ 
ful and cheap. The small high-pressure 
steam engine was in produetion, and 
the steam turbine was just around the 
corner. Men had made workable mobile 
vehicles (as early as 1800). Generation 
of (electric power had been developed, 
and various forms of electric lighting 
had been demonstrated. The telegraph 
was in operation, and the telephone 
was about to come. (The Western 
Union Telegraph Company mistakenly 
thought we were entering a period of 
t('l( graphie eommunication and turned 
do^\n Bells offer to sell them the rights 
to telephone for $100,000.) Wireless 
communication and the motion picture 
wci embryo. The stage was all set 

for rapid industrial development 

that IS taken plaee within the last 
fifty U.S. 

rWENTIETH CENTUBY 

All udustrial operations require 
power « ;nd fuel), but the two outstand¬ 
ing ciirnmstances that have sky¬ 
rocketed fuel demand during the last 
fifty years have been electric power and 


the internal combustion engine. Each 
one has advanced more rapidly than 
had been thought possible. The drain 
on the world's finite supply of fossil 
fuels is becoming fantastic and shows 
every sign of continuing acceleration. 
Today, day in and day out, we are con¬ 
suming in the United States over a 
quarter of a million barrels of petro¬ 
leum, nearly 45,000 tons of coal, and a 
billion cubic feet of natural gas every 
hour. No wonder we think of this as the 
fossil fuel age. But these overwhelming 
rates of depletion of finite resources 
have come only recently. In 1900 the 
petroleum production of the world was 
about 400,000 barrels a day, and more 
than half of this was in Russia. Thus, 
our daily production in 1900 was much 
less than our hourly consumption is 
now. The rest of the world is moving 
forward nearly four times as rapidly as 
the United States. The reasons for more 
rapid increase in consumption abroad 
are (1) that we already have our tens 
of millions of motorcars, while automo¬ 
tive development in many other na¬ 
tions is just beginning, and (2) that the 
rest of the world has about ten times as 
much potential oil land as we have. We 
have developed our oil production ener¬ 
getically and effectively, while other 
nations have not. Most of the oil pro¬ 
duction outside the United States has 
been accomplished with American tech¬ 
nology and American money. We have 
drilled about 150,000 wells in this coun¬ 
try, and current rate of drilling is about 
10,000 wells a year. We are spending 
several billion dollars a year for explora¬ 
tion and drilling. Other countries have 
not been able to afford such rapid dis¬ 
sipation of fossil fuel resources. So the 
petroleum future naturally belongs not 
to the United States but to the rest of 
the world. 

What can be said about the petro¬ 
leum future? Smart prophets have been 
consistently wrong in the past. It would 
be presumptuous to assume any supe- 
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Fig. 94<:/.--C^()al-c'rusliiiig ])lant by river and railroad. Modern coal-erii.sliing plants are not so 
unsightly as two decades ago. 
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Fig. 94fc.—Strip mining for coal. For strip mining of coal, power shovels are many times as 
large as those used for digging the Panama Canal. 
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Fig. 95«.—Early oil derricks. In 1925, oil wells were closely spaced abo\e oil pools. Today 
this wasteful practice lias been largely eliminated. Now, modern steel derricks are widely spaced. 



Clyde i 

Fk. 
with h 
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'.—Modem oil refinery and storage tanks. Modern oil refineries are largely automatic 
' apacity and few operators. 
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1 ior clairvoyance today. But certain con¬ 
ditional statements are quite safe to 
make. If we have a 100-gallon tank of 
water and start to drain the tank at the 
rate of 1 gallon an hour, it is safe to 
say that the tank will be empty in 100 
hours if the rate of outgo remains con¬ 
stant. Economists have applied this 
simple reasoning to petroleum with ab¬ 
surd results. The hypollietical 100-gal- 
lon supply has had the awkward habit 
of growing to 500 or 1,000 gallons by 
discovery of more oil. The rate of out¬ 
flow has not remained constant but has 
increased rapidly. Under these compli¬ 
cating conditions it is not possible to 
determine how long it will take to 
empty the tank. In the case of oil the 
tank is not likely to be empty for several 
thousand years, because much of the oil 
will not be found for a long, long time. 
But it is possible to draw a curve of 
production rates for the future, and the 
curve is not a prediction. It is a definite 
thing if the assumptions upon which it 
is based are correct. The assumptions 
are (1 ) that geologists are reasonably 
correct in their present estimates of the 
total remaining oil to be discovert'd 
and (2) that demand for oil will keep 
on rising for a few years. Both of these 
assumptions may he wrong. 

Studies along this line have been 
made for United States and world 
petroleum and for natural gas and coal 
in the United States. According to these 
studies, we arc likely to reach the peak 
of petroleum production in the United 
States about 1965, the peak of world 
petroleum production about 1985, the 
peak of United States gas production 
about 1965, and the peak of United 
States production of coal of all grades 
about 2025. Aftei- these dates produc¬ 
tion will decline. Some technologists be¬ 
lieve that the dates art^ too early, be¬ 
cause they have little faith in the order 
of magnitude of estimates of ultimate 
reserves. Some others believe that the 
dates are too early, because they expect 


future demand for energy to be less 
lively. Some others believe that the 
dates are too early, because it will uol 
be practical to increase production duv 
ing the next few decades at the predi 
cated rates. These men may all be righi 
but if ample allowances are made—if 
present estimates of recoverable re¬ 
serves prove to be only half of what 
they should be, if the demand curves 
rise only half as steeply as they have in 
the past, if we are destined to put only 
half as much ejffort in exploration and 
drilling and mining as demands would 
justify-the cold mathematics of the 
problem shows only moderate post¬ 
ponement of peaks of production: per¬ 
haps 1970 for United States oil produc¬ 
tion, 1975 for gas, 2000 for world petro¬ 
leum, and 2050 for United States coal. 

The United States and the world 
have other fossil fuels to fall back upon 
—oil shale and tar sands. Oil shale is 
undoubtedly abundant in the United 
States. Ample supplies of shale oil can 
be obtained at an indeterminate average 
cost, and an undetermined amount can 
be obtained at moderate cost. These are 
about the only safe statements that can 
be made at this time. Most of the oil 
shale is in Colorado, Utah, and Wyo¬ 
ming, where water for processing is 
scarce. The consensus of technologists 
is that we may expect not more than 
seven billion barrels of shale-oil pro¬ 
duction during the first twenty years of 
operation. Since we are consuming more 
than two billion barrels of petroleum a 
year, the shale-oil figures are not im¬ 
pressive. But, to produce even this 
amount, we would need a mining force 
five times as large as that employed by 
the entire United States iron-ore-mining 
industry, extensive intermountain water- 
storage reservoirs would have to be 
created, and seven billion dollars would 
have to be invested. Any increase in 
shale-oil production would depend 
upon the rates at which labor, money, 
and water can be provided and, of 
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course, upon the location and quality cal sense, fossil fuels, after this century, 
of oil shale. Oil shale will provide an- will cease to exist except as raw mate- 
other chapter in the fossil fuel story, rials for chemical synthesis, 
hut it will be a small one unless present If one might hazard a guess, the next 
technical studies of underground re- age might well be one in which power 
torting of oil shale should lead to a is obtained from chemical and nuclear 
practicable process. reactions without the intermediate gen- 

As far as the Unitc'd States is con- ('ration of heat with attemdant losses, 
cerned, tar sands will provide not a This would be in contrast with the pres- 
chajiter but a sentence, for our reserves ent age, in which nearly all power is 
of tar sands are small. Canadian re- obtained from heat. But this will re¬ 
serves are great but are not economi- quire inventions of high order, and few 
cally accessible. A little oil will be pro- are even thinking about the problem 
duced there in the course of time. now. 

Petroleum, natural gas, coal, oil shale. Only now that we can see what has 
and tar sands are believed to be con- been called the “climactic approach to 
tinually forming in the earth, but they exhaustion^' are we fully conscious of 
are of no use to us as fuels until they the importance of the fossil fuel age. 
accumulate in massive deposits from We cannot name the next age before it 
which they may be produced. When has even begun. Technology has not 
they arc gone, we shall have to wait for failed us in the past, and I am confi- 
hnndreds of millions of years and for dent that it will not fail us in the future, 
unpredictable geologic shifts in the But what its solutions will be to the 
earth's crust before the present fossil world's energy problem lies in Thomas 
fuel age could be repeated. In a practi- Carlyle's “continents of daikness." 
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The Natural History of Urbanization 

LEWIS MUMFORD* 


J’HE KMKRGENCE OF THE CITY 

The natural history of urbanization 
has not yet been written, for only a 
small part of the preliminary work has 
been done. The literature of the city 
itself, until a half-century ago, was bar¬ 
ren to the point of nonexistence; and 
even now the ecologists of the city, 
dealing too largely with a late and 
limited aspect of urbanism, have hard¬ 
ly staked out the ground that is to be 
covered. Our present purpose, accord¬ 
ingly, is to make use of such studies as 
have so far been made in order to ask 
more pointed questions and so, inci¬ 
dentally, to indicate further fields of 
profitable study. 

Whether one looks at the city mor¬ 
phologically or functionally, one can¬ 
not understand its development with¬ 
out taking in its relationship to earlier 
forms of cohabitation that go back to 
non-human species. One must remem- 
bt*r not only the obvious homologies of 
tii<' anthill and the beehive but also 
the nature of fixed seasonal habitations 
in protected sites, like the breeding 
gn> inds of many species of birds. 

Mumford since 1952 hus been Profes- 
f "ity Planning at the University of Penn- 
iiyi\ Philadelphia. He is a fellow of the 
Ahm . ;,n Academy of Arts and Sciences, a 
met- r of the American Philosophical Soci- 
honorary associate of the Royal Insti- 
tntt ^ British Architects, and an honorary 
fellu\ .)f Stanford University, His publica¬ 
tions j!!. hide: Technics and CivUizaHon, 1934; 
The Culture of Cities, 1938; and The Con¬ 
duct of Life, 1951. 


Though permanent villages date only 
from Neolithic times, the habit of re¬ 
sorting to caves for the collective per¬ 
formance of magical ceremonies seems 
to date back to an earlier period; and 
whole communities, living in caves and 
hollowed-out walls of rock, have sur¬ 
vived in widely scattered areas down 
to the present. The outline of the city 
as both an outward form and an inward 
pattern of life might be found in such 
ancient assemblages. Whatever the 
aboriginal impetus, the tendency to¬ 
ward formal cohabitation and fixed resi¬ 
dence gave rise, in Neolithic times, to 
the ance.stral form of the city: the vil¬ 
lage, a collective utility brought forth 
by the new agricultural economy. Lack¬ 
ing the size and complexity of the city, 
the village nevertheless exhibits its es¬ 
sential features: the encircling mound 
or palisade, setting it off from the 
fields; permanent shelters; storage pits 
and bins, with refuse dumps and burial 
grounds recording silently past time 
and spent energy. At this early stage, 
at least, Mark Jefferson’s obser\'ation 
(1931) holds true: urban and rural, 
city and country, are one thing, not two 
things. 

Though the number of families per 
acre in a village is greater than the 
number per square mile under a pas¬ 
toral economy, such settlements bring 
with them no serious disturbance in 
the natural environment; indeed, the re¬ 
lation may even be favorable for build¬ 
ing up the soil and increasing its nat¬ 
ural productivity. Archeological explor- 
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ers in Alaska have been able to detect 
early settlements by noting the green¬ 
ness of the vegetation around the other¬ 
wise submerged village sites, probably 
due to the enrichment of the soil from 
the nitrogenous human and animal 
waste accumulated near by. Early 
cities, as we find them in Mesopotamia 
and Egypt, maintain the symbiotic re¬ 
lation with agriculture that we find in 
the village. In countries like China, still 
governed by the principles of village 
economy, even contemporary cities with 
high population density, such as Keyes 
describes (1951), exhibit the same re¬ 
ciprocal relations: “The most concen¬ 
trated highly developed agriculture is 
just outside the walls of cities.” King 
estimated (1927) that each million city 
dwellers in China account for more 
than 13,000 pounds of nitrogen, 2,700 
pounds of phosphorous, and almost 
4,500 pounds of potassium in the daily 
night soil returned to the land. 
Brunhes’ description (1920) of cities 
under “unproductive occupation of the 
soil” does not altogether hold for the 
earliest types or, as I shall show, for 
the latest types of city. 

The emergence of the city from the 
village was majie possible by the im¬ 
provements in plant cultivation and 
stock-breeding that came with Neo¬ 
lithic culture; in particular, the cultiva¬ 
tion of the hard grains that could be 
produced in abundance and kept over 
from year to year without spoiling. 
This new form of food not merely of¬ 
fered insurance against starvation in 
the lean years, as was recorded in the 
famous story of Joseph in Egypt, but 
likewise made it possible to breed and 
support a bigger population not com¬ 
mitted to food-raising. From the stand¬ 
point of their basic nutrition, one may 
speak of wheat cities, rye cities, rice 
cities, and maize cities, to characterize 
their chief source of energy; and it 
should be remembered that no other 
source was so important until the coal 


seams of Saxony and England were 
opened. With the surplus of manpower 
available as Neolithic man escaped 
from a subsistence economy, it was pos¬ 
sible to draw a larger number of 
people into other forms of work and 
service: administration, the mechanical 
arts, warfare, systematic thought, and 
religion. So the once-scattered popula¬ 
tion of Neolithic times, dwelling in ham¬ 
lets of from ten to fifty houses (Childe, 
1954), was concentrated into “cities,” 
ruled and regimented on a different 
plan. These early cities bore many 
marks of their village origins, for they 
were still in essence agricultural towns: 
the main source of their food supply 
was in the land around them; and, un¬ 
til the means of transport had greatly 
improved and a system of centralized 
control had developed, they could not 
grow beyond the limit of their local 
water supply and their local food 
sources. 

This early association of urban 
growth with food production governed 
the -elation of the city to its neighbor¬ 
ing land far longer than many observ¬ 
ers now realize. Though grains were 
transported long distances (even as 
special food accessories like salt had 
circulated in earlier times), cities like 
Rome, which drew mainly on the dis¬ 
tant granaries of Africa and the Near 
East—to say nothing of the oyster beds 
of Colchester in England—-were excep¬ 
tions down to the nineteenth century. 
As late as fifty years ago large portions 
of the fruits and vegetables consumed 
in New York and Paris came from near¬ 
by market gardens, sometimes on soils 
greatly enriched, if not almost manu¬ 
factured, with urban refuse, as Kropot¬ 
kin pointed out in Fields, Factories, 
and Workshops (1899). This means 
that one of the chief determinants of 
large-scale urbanization has been near¬ 
ness to fertile agricultural land; yet, 
paradoxically, the growth of most cities 
has been achieved by covering over 
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and removing from cultivation the very 
land—often, indeed, the richest alluvial 
soils—whose existence at the beginning 
made their growth possible. The tend¬ 
ency of cities to grow along rivers or 
near accessible harbors was furthered 
not alone by the need for easy trans¬ 
portation but by the need to draw on 
aquatic sources of food to supplement 
those produced by the soil. This rich 
and varied die^t may itself have con¬ 
tributed to the vital energy of city 
dwellers as contrasted with the more 
sluggish ways of hinterlanders and per¬ 
haps may also have partly offset the 
bad effect of close quarters in spread¬ 
ing communicable diseases. While 
modern means of transport have equal¬ 
ized these advantages, they have not 
yet hastened the migration of urban 
populations to upland sites on poorer 
soils, though often these present more 
salubrious climates and better living 
conditions. 

The village and the small country 
town are historic constants. One of the 
outstanding facts about urbanization is 
that, while the urban population of the 
globe in 1930 numbered around 415,- 
000,000 souls, or about a fifth of the 
total population, the remaining four- 
fifths still lived under conditions ap¬ 
proximating that of the Neolithic econ¬ 
omy (Sorre, 1952). In countries as 
densely peopled as India, as late as 
1939, according to the Statesmans 
) earhook, less than 10 per cent of the 
total population lived in cities. These 
“Nt olithic” conditions include the utili- 
zat;f>n of organic sources of energy, 

Vi :r fahle and animal, the use of a 
lotiiJ .apply of drinking water, the con- 
tim« IS. cultivation of land within walk¬ 
ing i stance of the village, the partial 
use human dung along with that of 
anin for fertilizer, a low concentra¬ 
tion I inorganic refuse, like glass and 
metais, and an absence of air pollution. 

In many parts of the world, village set¬ 
tlements, far from encroaching on ara¬ 



ble land, occup} barren hill sites of 
little use for agriculture; the stony out¬ 
crop of an Italian hill town involves 
only a slightly jnore symmetrical ar¬ 
rangement of the original rock strata. 
The chief weakness of these settle¬ 
ments, particularly in parts of the world 
long cultivated, notably in Spain, 
Greece, or China, is due to the peas¬ 
ants begrudging the land neede'd for for¬ 
est cover; he thus tends, by overtillage, 
to promote erosion and to create a fur¬ 
ther imbalance among the bird, insect, 
and plant populations. But, just as the 
early village economy was ind('bted to 
the astronomical calendar produced in 
the temple cities for the timely plant¬ 
ing of their crops, so the present devel¬ 
opment of ecologieal knowledge, which 
has led to increasing concern and care 
for the woodland preserves in highly 
urbanized countries, may in tiiruj coun¬ 
teract the otherwise destructive effects 
of earlier stages in urban settlement. 

URBAN SYMBIOSIS AND DOMINANCE 

With the first growth of urban pop¬ 
ulations in ancient Mesopotamia, the 
symbiotic relations that originally held 
between village and land were not 
greatly altered. “The city,” as Childe 
(1942, p. 94) describes its earliest mani¬ 
festations, “is girt with a brick wall and 
a fosse, within the shelter of which man 
found for the first time a world of his 
own, relatively secure from the imme¬ 
diate pressure of raw, external nature. 

It stands out in an artificial landscape 
of gardens, fields, and pastures, cre¬ 
ated out of reed swamp and desert by 
the collective activity of preceding gen¬ 
erations in building dykes and digging 
canals.” Though these cities represented 
“a new magnitude in human settle¬ 
ment,” the populations of Lagash, 
Umma, and Khafaje are “reliably esti¬ 
mated to have been 19,000, 16,000, and 
12,000 respectively during the third 
millennium.” The Levitical cities de¬ 
scribed in the Bible, confirmed by mod- 
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ern excavations of Gezer, had a town 
area of about 22 acres, with pasture 
land, permanently reserved, amounting 
to about 300 acres (Osborn, 1946). 
More than four thousand years later, as 
late as the sixteenth century, the char¬ 
acteristic size of the city in western 
Europe ranged from 2,000 to 20,000 
people; it was only in the seventeenth 
century that cities of more than 100,000 
began to multiply. In both the Near 
East in ancient times and in western 
Europe in the Middle Ages, cities pru¬ 
dently retained some portion of the 
land within their walls for gardens and 
the harboring of animals for food in 
case of military siege. Even the vast 
domains of Babylon must not mislead 
us into looking upon it as comparable 
in density to modern London. A map 
drawn in 1895 by Arthur Schneider, 
and republished by Ilassert (1907), 
shows that Babylon covered an area big 
enough to contain Rome, Tarentum, 
Syracuse, Athens, Ephesus, Thebes, Je¬ 
rusalem, Carthage, Sparta, Alexandria, 
and Tyre, together with almost as much 
open space between these cities as they 
occupied in their own right. Even in 
Herodotus’ time, Babylon had many of 
the aspects of an overgrown village. 

The Neolithic economy appears to 
have been a co-operative one. The con¬ 
centration upon plant cultivation in 
.small neighborly communities, never 
with a sufficient surplus of food or 
power to promote too much arrogance 
in man’s relation with other men or 
with nature, established a natural bal¬ 
ance between fields and settlements. In 
Europe, as Elis^e Reclus long ago 
noted, country towns and villages 
tended to spread evenly, as far as to¬ 
pography allowed, about the space of 
a day’s walk apart. With the introduc¬ 
tion of metallurgy, during the succeed¬ 
ing period of urbanization, came tech- 
iifdogical specialization, ca.ste differen¬ 
tiation, and heightened temptations to 
aggression; and with this began a dis¬ 


regard for the welfare of the commu¬ 
nity as a whole and, in particular, a 
tendency to ignore the city’s depend¬ 
ence upon its local resources. Excess of 
manpower abetted an excessive belief 
in the power of man—a belief deep¬ 
ened, no doubt, by the efficacy of the 
new edged weapons and armor in giv¬ 
ing control to aggressive minorities who 
took the law into their ovm hands. With 
the development of long-distance trad¬ 
ing, numerical calculation, and coin¬ 
age, this urban civilization tended to 
throw ofiE its original sense of limits 
and to regard all forms of wealth as 
purchasable by trade or procurable by 
a demonstration of military power. 
What could not be grown or produced 
in the local region could be, by theft 
or exchange, obtained elsewhere. In 
time this urban economy made the mis- 
tak(i of applying the pragmatic stand¬ 
ards of the market place to the environ¬ 
ment itself: the process began of build¬ 
ing over the interior open spaces and 
building out over the surrounding land. 

Until modern times the extension of 
a city’s walls marked its growth as 
surely as does each additional ring of a 
tree. The wall had perhaps a forma¬ 
tive role in the transformation of the 
village into the city; when made of 
heavy, permanent materials, surround¬ 
ed by a moat, it gave the city a means 
of protection the little village could not 
afford. Not merely was it capable of 
military defense, but the city, through 
its surplus population, could muster 
enough manpower to hold against a 
large army of attackers. The earliest 
meaning of “town” is an inclosed or 
fortified place. The village that, be- 
caus(^ of its defensible site, offered pro¬ 
tection against predators of all kinds 
would in times of peril attract families 
from more exposed areas and so, with 
a larger, mixed population, would turn 
into a city. Thus the temple citad(‘I 
wwild add to its original population 
and, even after the danger had passed. 
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would retain some of those who sought 
shelter and so become a city. In Greece, 
at least, the city comes into existence, 
historically, as such a synoccism. 

But the morphological difference be¬ 
tween the village and the city is not 
simply the result of the latter’s superior 
site or of the fact that its geographic 
situation enables it to draw on a wider 
area for resources, foods, and men and 
in turn to export their products to a 
larger market, though both are facts 
conducive to population growth and 
economic expansion. What distinguish 
city from village are mainly two facts. 
The first of these is the presence of an 
organized social core, around which 
the whole structure of the communitv 
coheres. If this nucleation may begin 
in the village stage, as remains of tem¬ 
ples seem to indicate, there is a general 
shift of household occupations and rit¬ 
uals into specialized collective insti¬ 
tutions, part of the intensified social di¬ 
vision of labor brought in with civiliza¬ 
tion itself. But, from the standpoint of 
the city’s relation to the earth, the im¬ 
portant point to notice is that, in this 
social core or nucleus, the sharpest de¬ 
partures from the daily habits and the 
physical structure of the village take 
place. Thus the temple, unlike the hut, 
will be built of permanent materials, 
with solid stone walls, often plated 
with precious stones or roofed with 
rare timber taken from a distant quarry 
or barest, all conceived on a colossal 
seal while the majority of dwelling 
hou ^ will still be built of clay and 
reed :)i wattle and daub, on the old 
villa ; pattern. While the temple area 
will ‘a paved, the streets and alleys of 
the st. of the city will remain un- 
pa v/i As late as imperial Rome, pave- 
mei w ill be introduced first into the 
For; while most of the arteries re¬ 
main iTK overed, to become sloughs of 
mud in '.liny weather. Here too, in the 
urban pi dace, as early as Akkad, such 
technological innovations as baths. 


toilets, and drains will appear—innova- 
dons that remain far beyond the reach 
of the urban populations-atdarge until 
modern times. 

Along with this bold aesthetic trans- 
foimation of the outward environment, 
another tendency distinguislies the city 
from the village—a tendency to loosen 
the bonds that connect its inhabitants 
with nature and to transform, elimi¬ 
nate, or replace its earth-bound aspects, 
covering the natural site with an artifi¬ 
cial environment that enhances the 
dominance of man and encourages an 
illusion of complete indepc'udc'uce from 
nature. The first age of the “urban revo¬ 
lution,” to use Childe’s term, had little 
extrahuman power and few machines. 
Its technological heritage, once it had 
learned to smelt copper and iron, was 
in every sense a static one; and its 
major skills, weaving aside, were con¬ 
centrated on fashioning utensils and 
utilities (pots, jars, vats, bins) and on 
building great collective works (dams, 
irrigation systems, buildings, roads, 
baths) and, finally, cities themselves. 
Having learned to employ fire of rela¬ 
tively high intensity to glaze and smelt 
ores, these early civilizations ofiFset its 
danger by creating a fireproof environ¬ 
ment, The importance of this fact, once^ 
papyrus and paper were in use, can 
hardly be overestimated. In this gen¬ 
eral transformation from the transient 
to the fixed, from fragile and temjrorary 
structures to durable buildings, proof 
against wind, weather, and fire, early 
man emancipated himself likewise from 
the fluctuations and irregularities of 
nature. Each of the utilities that char¬ 
acterized the new urban form—the 
wall, the durable shelter, the arcade, 
the paved way, the reservoir, the aque¬ 
duct, the sewer—lessened the impact of 
nature and increased the dominance of 
man. That fact was revealed in the 
very silhouette of the city, as the travel¬ 
er beheld it from a distance. Standing 
out in the vegetation-clad landscape. 
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the city became an inverted oasis of 
stone or clay. The paved road, a man¬ 
made desert that speeds traffic and 
makes it largely independent of the 
weather and the seasons; the irrigation 
ditch, a man-made river system that re¬ 
leases the farmer from irregularities of 
seasonal rainfall; the water main, an 
artificial brook that turns the parclied 
environment of the city into an oasis; 
the pyramid, an artificial mountain 
that serves as symbolic reminder of 
man’s desire for permanence and con¬ 
tinuity-all these inventions record the 
displacement of natural conditions 
with a collective artifact of urban ori¬ 
gin. 

Physical security and social continu¬ 
ity were the two great contributions of 
the city. Under those conditions every 
kind of conflict and challenge became 
possible without disrupting the social 
order, and part of this new animus was 
directed into a struggle with the forces 
of nature. By serving as a secure base 
of operations, a seat of law and govern¬ 
ment, a repository of deeds and con¬ 
tracts, and a marshaling yard for man¬ 
power, the city was able to engage 
in long-distance activities. Operating 
through trade, taxation, mining, mili¬ 
tary assault, and road-building, which 
made it possible to organize and deploy 
thousands of men, the city proceeded 
to make large-scale transformations of 
the environment, impossible for groups 
of smaller size to achieve. Through its 
storage, canalization, and irrigation, the 
city, from its earliest emergence in the 
Near East, justified its existence, for it 
freed the community from the caprices 
and violences of nature—though no lit¬ 
tle part of that gift was nullified by 
the further effect of subjecting the com¬ 
munity more abjectly to the caprices 
and violences of men. 

URBAN DISPLACEMENT OF NATURE 

Unfortunately, as the disintegration 
of one civilization after another re¬ 


minds us, the displacement of nature 
in the city rested, in part, upon an illu¬ 
sion—or, indeed, a series of illusions— as 
to the nature of man and his institu¬ 
tions: the illusions of self-sufficiency 
and independence and of the possibilit\ 
of physical continuity without con¬ 
scious renewal. Under the protective 
mantle of the city, seemingly so perma¬ 
nent, these illusions encouraged habits 
of predation or parasitism that eventu¬ 
ally undermined the whole social and 
economic structure, after having 
worked ruin in the surrounding land¬ 
scape and even in far-distant regions. 
Many elements supplied by nature, nec¬ 
essary for both health and mental bal¬ 
ance, were lacking in the city. Medi¬ 
cine, as practiced by the Hippocratic 
School in the great retreats, like that at 
Kos, concerned with airs, waters, and 
places, seems at an early age to have 
e^mployed in therapy riatural elements 
that were depleted or out of balance 
even in the relatively small Aegean 
cities of the fifth century b.c., though 
thcii ruling classes spent no small part 
of their leisure in the exercise of the 
body. Through the ages the standard 
prescription for most urban illnesses— 
and perhaps as effective as more spe¬ 
cific remedies—is retreat to some little 
village by seacoast or mountain—that 
is, restoration to a pre-urban natural 
environment. In times of plague the re¬ 
treat repeatedly has taken on the as¬ 
pects of a rout. Though man has be¬ 
come the dominant species in every 
region where the city has taken hold, 
partly because of the knowledge and 
the system of public controls over both 
man and nature he exercises there, he 
has yet to safeguard that position by 
acknowledging his sustained and in¬ 
escapable dependence upon all his bio¬ 
logical partners. With the ecological 
implications of this fact, I shall deal 
later. 

Probably no city in antiquity had a 
population of mu^ more than a mil- 
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lion inhabitants, not even Rome; and, 
except in China, there were no later 
Romes until the nineteenth century. 
But, long before a million population 
is reached, most cities come to a criti¬ 
cal point in their development. That 
occurs when the city is no longer in 
symbiotic relationship with its sur¬ 
rounding land; when further growth 
overtaxes local resources, like water, 
and makes them precarious; when, in 
order to continue its growth, a city 
must reach beyond its immediate limits 
for water, for fuel, for building mate¬ 
rials, and for raw materials used in 
manufacture; and, above all, when its 
internal birth rate becomes inadequate 
to provide enough manpower to re¬ 
place, if not to augment, its popula¬ 
tion. This stage has been reached in 
different civilizations at different 
periods. Up to this point, when the city 
has come to the limits of sustenance 
in its own territory, growth takes place 
by colonization, as in a beehive. After 
this point, growth takes place, in defi¬ 
ance of natural limitations, by a more 
intensive occupation of the land and 
by encroachment into the surrounding 
areas, with the STibjugation by law or 
naked force of rival growing cities bid¬ 
ding for the same resources. 

Most of the characteristics of this 
second form of urban growth can be 
observed in the history of Rome. Here 
the facts are better documented than 
Ilu v are for most ancient cities; and the 
efli(ts upon the landscape have re¬ 
main. d so visible that they suggested 
to (r. uge Perkins Marsh (1864, 1874) 
the : : <ncipal lines of his investigation 
of 'I Fr Earth as Modified by Human 
Acti^'u. Rome of the Seven Hills is an 
acrer ‘lis type of city, formed by a 
cliist^ of villages united for defense; 
and li.t plain of the Tiber was the orig¬ 
inal s( of their agriculture. The sur¬ 
plus p* filiation of this region con¬ 
quered ♦list the neighboring territories 
of the Ktruscans and then those of 


more distant lands. By systematic ex¬ 
propriation, Rome brought wheat, olive 
oil, dried fish, and pottery back to the 
original site to sustain its growing pop¬ 
ulation. To facilitate the movement of 
its legions and speed up the processes 
c)f administration, it carved roads 
through the landscape with triumphant 
disregard of the nature of the terrain. 
These roads and viaducts went hand in 
hand with similar works of engineer¬ 
ing, the aqueducts and reservoirs nec¬ 
essary to bring water to Rome. By 
short-circuiting the flow of water from 
mountainside to sea, the city monopo¬ 
lized for its special uses a considerable 
amount of the runoff; and, to offset 
some of the effects of metropolitan 
overcrowding, it created a cult of the 
public bath that in turn imposed a 
heavy drain upon the fuel supplied by 
the near-by forest areas. The advance 
of technology, with central hot-air 
heating, characteristically hastened the 
process of deforestation, as was later 
to happen in the glass- and ironmaking 
and shipbuilding industries of northern 
Europe and to be repeated today in 
the heavy industrial demand for cellu¬ 
lose. Meanwhile, the sewers of Rome, 
connected to public toilets, polluted 
the Tiber without returning the pre¬ 
cious mineral contents to the soil, 
though even in imperial Rome dung 
farmers still collected most of the night 
soil from the great tenements of the 
proletariat. At this stage the symbiotic 
relation turns into a parasitic one; the 
cycle of imbalance begins, and the 
‘mere massing of the demand in a single 
center results in denudations and desic¬ 
cations elsewhere. The more complete 
the urbanization, the more definite is 
the release from natural limitations; the 
more highly the city seems developed 
as an independent entity, the more 
fatal are the consequences for the ter¬ 
ritory it dominates. This series of 
changes characterizes the growth of 
cities in every civilization: the transfor- 
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mation of eopolis into megalopolis. If 
the process wrought damage to the 
earth even in the ancient world, when 
cities as big as Rome, Carthage, and 
Alexandria were the exception rather 
than the rule, we have good reason to 
examine carefully the probable conse¬ 
quences of the present wave of urbani¬ 
zation. 

MODERN FORCl!:S OF EXPANSION 

Let me sum up the observations so 
far made with respect to the natural 
history of cities. In the first stage of 
urbanization the number and size of 
cities varied with the amount and pro¬ 
ductivity of the agricultural land avail¬ 
able. Cities were confined mainly to 
the valleys and flood plains, like the 
Nile, the Fertile Crescent, the Indus, 
and the Hwang Ho. Increase of popu¬ 
lation in any one city was therefore 
limited. The second stage of urbaniza¬ 
tion began with the development of 
large-scale river and sea transport and 
the introduction of roads for chariots 
and carts. In this new economy the 
village and the country town main¬ 
tained the environmental balance of the 
first stage; but, with the production of 
grain and oil in surpluses that permit¬ 
ted export, a specialization in agricul¬ 
ture set in and, along with this, a spe¬ 
cialization in trade and industry, sup¬ 
plementing the religious and political 
specialization that dominated the first 
stage. Both these forms of specializa¬ 
tion enabled the city to expand in pop¬ 
ulation beyond the limits of its agricul¬ 
tural hinterland; and, in certain cases, 
notably in the Greek city of Megalopo¬ 
lis, the population in smaller centers 
was deliberately removed to a single 
big center—a conscious reproduction of 
a process that was taking place less de¬ 
liberately in other cities. At this stage 
the city grew by draining away its re¬ 
sources and manpower from the coun¬ 
tryside without returning any equiva¬ 
lent goods. Along with this went a de¬ 


structive use of natural resources for 
industrial purposes, with increased con¬ 
centration on mining and smelting. 

The third stage of urbanization does 
not make its appearance until the nine¬ 
teenth century, and it is only now be¬ 
ginning to reach its full expansion, per¬ 
formance, and influence. If the first 
stage is one of urban balance and co¬ 
operation, and the second is one of par¬ 
tial urban dominance within a still 
mainly agricultural framework, behind 
both is an economy that was forced to 
address the largest part of its man¬ 
power toward cultivating the land and 
improving the whole landscape for hu¬ 
man use. The actual amount of land 
dedicated to urban uses was limited, if 
only because the population was also 
limited. This entire situation has al¬ 
tered radically during the last three 
centuries by reason of a series of re¬ 
lated changes. The first is that world 
po])ulation has been growing steadily 
since the seventeenth century, when 
the beginnings of reasonable statistical 
estimates, or at least tolerable guesses, 
can fir^t be made. According to the 
Woytinskys (1953), the average rate of 
population increase appears to have 
gone up steadily: 2.7 per cent from 
1650 to 1700; 3.2 per cent in the first 
half of the eighteenth century and 4.5 
pc*r cent in the second half; 5.3 per cent 
from 1800 to 1850; 6.5 per cent from 
1850 to 1900; and 8.3 per cent from 
1900 to 1950. As the Woytinskys them¬ 
selves remark, these averages should 
not be taken too seriously; yet there is 
a high probability that an acceleration 
has taken place and hardly any doubt 
whatever that the world population has 
doubled during the last century, while 
the manpower needed to maintain agri¬ 
cultural productivity in mechanized 
countries has decreased. 

By itself this expansion might mean 
no more than that the less populated 
parts of the earth would presently ac¬ 
quire densities comparable to those of 
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India and China, with a great part of transportation or the begiiming of an 
the increase forced to undertake inten- adequate water supply (in parts oi 
sive cultivation of the land. But this in- London pipod water was turned on 
crease did not take place by itself; it only twice a week). But a marked 
was accompanied by a series of pro- change, nevertheless, took place in ur- 
found technological changes which ban growth during the nineteenth cen- 
transformed the classic ‘age of utilities” tury. 

into the present “age of the machine” At this moment the four natural lim- 
and a predominantly agricultural civili- its on the growth of cities were thrown 
zation into an urban one—or possibly a off: the nutritional limit of an adequate 


suburban one. These two factors, tech¬ 
nical improvement and population 
growth, have been interacting since at 
least the sixteenth century, for it was 
the improvement in the sailing ship 
and the art of navigation that opened 
up the almost virginal territory of the 
New World. The resulting increase of 
food supply, in terms of added tillage, 
was further augmented by New World 
crops like maize and the potato. Mean¬ 
while, the increased production of ener¬ 
gy foods—vegetable oils, animal fats, 
and sugar cane and sugar beet—not 
merely helped support a larger popula¬ 
tion but in turn, through the supply of 
fat, turned soap from a courtly luxury 
to a household necessity; and this major 
contribution to hygiene—public and 
personal—probafjly did more to lower 
the death rate than any other single 
factor. From the beginning of the nine¬ 
teenth century the surplus population 
made it possible for old cities to ex¬ 
pand and new cities to be founded. As 
Webber long ago pointed out (1899), 
the rate was even faster in Germany in 
tlu^ second half of the nineteenth cen¬ 
tury than it was in the United States. 

1 his wave of urbanization was not, ’ 
as sometimes thought, chiefly de¬ 
pen !rnt upon the steam engine or upon 
impifwements in local transportation. 
Tlu fact is that the number of cities 
aben e the 100,000 mark had increased 
in hu seventeenth century, well before 
the team engine or the power loom 
had heen invented. London passed the 
million mark in population by 1810, be¬ 
fore it had a mechanical means of 


food and water supply; the military 
limit of protective walls and fortifica¬ 
tions; the trafiSc limit set by slow-mov- 
ing agents of reliable transportation like 
the canalboat; and the power limit to 
regular production imposed by the lim¬ 
ited number of water-power sites and 
the feebleness of the other prime mov¬ 
ers—horse and wind power. In the new 
industrial city these limits ceased to 
hold. While up to this time growth was 
confined to commercial cities favorably 
situated at the merging point of two or 
more diverse regions with complemen¬ 
tary resources and skills, urban develop¬ 
ment now went on in places that had 
easy access to the coal measures, the 
iron-ore beds, and the limestone quar¬ 
ries. Pottery towns, cotton towns, wool¬ 
en towns, and steel towns, no longer 
held down in size, flourished wherever 
the tracks for steam locomotives could 
be laid and the steam engine estab¬ 
lished as a source of power. The only 
limitation on the spread and multiplica¬ 
tion of towns under this regime was 
the disability of the steam locomotive 
to operate efficiently on grades of more 
than 2 per cent. Whereas the water 
power and wind power of the eotechnic 
period had tended to distribute indus¬ 
try in the coastal cities of high winds 
or along fast-running upland streams, 
coal power tended to group industry 
in the valleys near the mine pits or 
along the railroad lines that constituted 
a continuation of the mine and the 
mining environment (Mumford, 1934). 
Industry, like agriculture, competes 
for the heavy lowland soils. As for the 
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railroad itself, it is one of the greatest 
devourers of land and transformers of 
landscape. The marshaling yards of its 
great urban terminals put large areas 
out of urban or agricultural use. 

GROWTH OF THE CONURBATION 

Up to the middle of the nineteenth 
century, water-power sites, the seats 
of earlier industrial improvements, con¬ 
tinued to attract industries into mill 
villages; but, with the coming of the 
railroad, industries grouped together in 
cities in order to take advantage of the 
surplus labor that accumulated therc\ 
From this time on, whole districts, such 
as Elberfeld-Barmen, Lille-Roubaix, the 
Black Country, and the Delaware Val¬ 
ley, become urbanized, and the limits 
of city growth are reached only when 
one city, by its conversion of farmland 
into building lots, coalesces with an¬ 
other city engaged in the same process. 
Growth of this kind, automatic and un¬ 
regulated, a result of the railroad and 
the factory, had never been possible 
before; but now the agents of mechani¬ 
zation not merely created their own en¬ 
vironment but set a new pattern for the 
growth of already existing great cities. 
Looking at Bartholomew’s population 
map of Britain early in the present cen¬ 
tury, Patrick Geddes discovered (1915) 
that urbanization had taken a new 
form: urban areas, hitherto distinct, 
both as political units and as topo¬ 
graphic features, had in fact flowed to¬ 
gether and formed dense population 
masses on a scale far greater than any 
of the big cities of the past, forming a 
new configuration as different as the 
city itself was from its rural prototypes. 
He called this new kind of urban 
grouping the “conurbation.” This new 
urban tissue was less differentiated 
than the old. It presented an impov¬ 
erished institutional life; it showed 
fewer signs of social nucleation; and it 
tended to increase in size, block by 
block, avenue by avenue, “develop¬ 


ment” by “development,” without mv 
individuality of form and, most 
markable of all, without any quantita> 
tive limits (West Midland Group, 
1948). 

This concentration of industry had 
marked effects upon the entire environ¬ 
ment. The new source of power—coal; 
the new industrial processes, massed in 
the new steelworks and coke ovens; the 
new chemical plants for manufacturing 
chlorine, sulfuric acid, and hundreds 
t)f other potentially noxious compounds 
—all poured their waste products into 
the air and waters on a scale that 
made it impossible for the local en¬ 
vironment to absorb them as it might 
have absorbed the effluvia of a village 
industry or the organic waste of a tan¬ 
nery or a slaughter-house. Streams 
hitherto well stocked with fish, salu¬ 
brious for bathing, and even potable 
became poisonous sewers; while the 
fall of soot, chemical dust, silica, and 
steel particles choked vegetation in 
what open ground remained and left 
thei:* deposits in human lungs. The ef¬ 
fects of this pollution, and the possibil¬ 
ity of more radical and irretrievable 
pollution to come through the use of 
atomic reactors, are dealt with in chap¬ 
ters that follow. Here the point to mark 
is that it was a natural penalty of over¬ 
concentration. The very ubiquity of 
the new type of city, coupled with its 
density, increases, for example, the 
threat of a lethal fog from chemicals 
normally in the air, such as wiped out 
over five thousand lives in a single 
week in London in 1952; a mass exodus 
by cars, at the low speed imposed by 
a heavy fog, would itself add to the 
deadly gases already in the air. 

The extension of the industrial 
conurbation not merely brings with it 
the obliteration of the life-sustaining 
natural environment but actually cre¬ 
ates, as substitute, a definitely antior- 
ganic environment; and even where, in 
the interstices of this urban develop- 
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merit, land remains unoccupied, it pro¬ 
gressively ceases to be of use for either 
agriculture or recreation. The removal 
of the topsoil, or its effacement by 
buildings and slag piles, brings on no 
temporary denudation; it results in 
deserts that, even if every effort sug¬ 
gested by science were made, might 
take centuries to redeem for human oc¬ 
cupancy, to say nothing of more organ¬ 
ic forms of cultivation. Though the con¬ 
urbation came into existence through 
the dense industrial occupation of a 
whole region rather than through the 
overgrowth of a single dominant city, 
the two types overlap. In England, Bir¬ 
mingham itself, though the center of 
congeries of smaller towns, has passed 
the million mark, to become the second 
city in Britain. By offering a big local 
market, the great conurbations, in addi¬ 
tion to attracting the consumption 
trades and industries, have brought in 
petroleum refineries, chemical plants, 
and steelworks, which gravitate to the 
cheaper land on the edge of metropoli¬ 
tan areas. This tends to create indus¬ 
trial defilement at the point where Sir 
John Evelyn, in 1661 in his pamphlet 
Fumifugium (1933), proposed to cre¬ 
ate a protective green belt, filled with 
aromatic shrubs, to purify the already 
noisome air of London. This extension 
of the area of industrial pollution into 
the very land that the overgrown city 
needs for mass recreation—accessible to 
sunlight, to usable ocean, river front, 
and woodland—likewise lessens the ad- 
^ i^Mage of the only form of temporary 
<‘S! ;>e left: retreat to the suburb. 

{ nn the very nature of the city as a 
nia t, a workshop, and a place of 
ci\! ssemblage, there is a direct rela¬ 
tion ^ tween its growth and the growth 
of t. . iisportation systems, though, in 
the ;;se of seaways and airways, the 
lattci »nay be visible only in the in¬ 
crease of harbor facilities and store¬ 
houses. In general, one may say that, 
the heavier the urbanization, the heav¬ 


ier the transportation network, not 
merely within but without From an¬ 
cient Rome to recent times, the fifteen- 
foot roadway remained the outsize. But, 
with the eighteenth century, land trans¬ 
portation takes a new turn. In 1861, 
Wilhelm Heinrich Riehl noted it 
(1935) in the change from the rural 
highroads of the old town economy to 
the new Landstrasse, planned in more 
systematic fashion by the new bureauc¬ 
racy—wider by three feet, more heavily 
paved, and often lined with trees, as in 
the beautiful highway lined with an¬ 
cient lindens between Liibeck and 
Travemunde. With the coming of rail¬ 
road transportation, the width of the 
new kind of permanent way again in¬ 
creased; the railroad made fresh de¬ 
mands for large areas of flat, low-lying 
land to serve as marshaling yards, ad¬ 
jacent to the city or even cutting a 
great wedge through it. The economy 
of the water-level route again turned to 
a non-agricultural use of precisely the 
land that was often the most fertile 
available and spoiled even its recrea¬ 
tional value. With the introduction of 
the motorcar, even secondary roads de¬ 
manded pavement, and arterial roads 
both widened and multiplied, with the 
result that around great metropolises 
six-, seven-, and eight-lane highways 
with two-hundred-foot rights of way 
have become increasingly common. 
They are further complicated by great 
traffic circles or clover-leaf patterns of 
overpass and underpass to permit the 
continuous flow of traffic at intersec¬ 
tions, however wasteful of land these 
junctions may be. In the case of park¬ 
ways planned to follow the ridges, like 
the Taconic State Parkway in New 
York State, the land given over to the 
road may be of minor value either for 
agricultural or for civic use; but where 
the highway engineer ignores the con¬ 
tours, follows the valleys, and cuts 
through hills to maintain his level, the 
motorway may be an active agent both 
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in eroding the soil and in disrupting the 
habitat. The yielding of water naviga¬ 
tion to land transport has aggravated 
this damage; and every further conges¬ 
tion of population leads to still more 
highway-building of a permanent and 
costly kind to accommodate the mass 
week-end exit of motorists. Thus the 
city, by its incontinent and uncontrolled 
growth, not merely sterilizes the land 
it immediately needs but vastly in¬ 
creases the total area of sterilization 
far beyond its boundaries. 

THE SUBURBAN OVERS PUT. 

At this point we are confronted with 
two special phenomena known only in 
embryonic form in other urban cul¬ 
tures: the production of a new kind of 
urban tissue, in the open pattern of the 
suburb, and the further development 
of a mass transportation by means of 
self-propelled, individual vehicles, 
trucks, and motorcars. The first change, 
the result of seeking an environment 
free from noise, dirt, and overcrowding 
of the city, actually antedated the 
means that made it possible on a mass 
scale. In London this suburban move¬ 
ment began as early as Elizabethan 
times as a reaction against the over¬ 
building and overcrowding that had 
then taken place in the center of the 
city; and at the end of the eighteenth 
century a similar exodus occurred 
among merchants who could afford a 
private coach to take them into the city. 
With increased facilities of transporta¬ 
tion offered by the public coach and 
the railroad, this suburban movement 
became more common through the 
nineteenth century, as witness the 
growth of St. John's Wood, Richmond, 
and Hampstead in London, of Chest¬ 
nut Hill and Germantown in Philadel¬ 
phia, and of the Hudson River suburbs 
in New York. But, up to 1920, it was 
mainly the upper-income groups that 
could afford the luxury of sunlight, 
fresh air, gardens, open spaces, and ac¬ 
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cess to the open country. Tht^ new 
open-type plan, with houses set in gar¬ 
dens, at densities of from two houses to 
tcm or twelve per acre, had long been 
characteristic of American country 
towns, most notably those of New Eng 
land; indeed, this open pattern domi¬ 
nated west of the Alleghenies. But this 
standard now became universalized in 
the upper-class suburb, though its eco¬ 
nomic base lay outside the area the 
suburb occupied and from the begin¬ 
ning demanded a heavy sacrifice of 
man-hours in commuting to the distant 
metropolis. Tlic low cost of suburban 
land and the possibility of economizing 
on local utilities like roads and sewers 
encouraged luxurious standards of 
space and gave those who could afford 
to escape a superior biological environ¬ 
ment and perhaps, if Thorndyke is cor¬ 
rect (1939), a superior social one. The 
initiative oJF a few farsighted industrial¬ 
ists, like Lever (Port Sunlight, 1887) 
and Cadliury (BournvilJe, 1895), 
proved that similar standards could be 
applied to building working-class quar¬ 
ters when land was sufficiently cheap. 

Since 1920 the spread of private 
motor vehicles has completed the work 
of enlarging potential suburban terri¬ 
tory, an expansion already well begun 
in the 1900’s by interurban electric 
transit. The exodus to suburbia has 
taken in wave after wave of city dwell¬ 
ers, at lower and lower income levels, 
seeking to escape the congested and 
disordered environment of the big city. 
This removal from the city has not 
been accompanied by any equivalent 
decentralization of industry; rather it 
has served to sustain an antiquated pat¬ 
tern of concentration. The pattern of 
population distribution around great 
cities has been the product, not of so¬ 
cial foresight for public ends, but main¬ 
ly of private initiative for private profit, 
though it could not have taken place 
on its present scale in America without 
a vast public investment in highways, 
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expressways, bridges, and tunnels. The 
result of this uncontrolled spread of the 
suburb has been to niilhfy the very 
purposes that brought the movement 
into existence. 

But suburban agglomeration cannot 
be treated as a fact in itself; it carries 
with it, through the demands of the 
motorcar, both for private transporta¬ 
tion and for the movement of goods, 
an enormous increase in paved roads, 
which eat into the surviving agricul¬ 
tural and wilderness areas and perma¬ 
nently sterilize ever larger quantities 
of land. The filling-up of marshes, the 
coverage of rich soils with buildings, 
the felling of woodlands, the clogging 
of local brooks and streams, and the 
abandonment of local springs and wells 
were all secondary disturbances of the 
early type of metropolis, even when it 
reached a population of a million 
people. Wh(m Rome was surrounded 
by the Aurelian wall in a.d. 274, it cov¬ 
ered, according to Carcopino (1940), a 
little more than 5 square miles. The 
pres(‘nt area of Greater London is 
about a hundred and thirty times as 
great as this, while it is roughly six 
hundred and fifty times as great as the 
area, namely, 677 acres, surrounded by 
its wall in the Middle Ages. The metro¬ 
politan area of New York is even more 
\\'id(\spread; it covers something like 
2,514 square miles; and already a good 
ease could be made out for treating a 
wi Iv coastal strip from Boston to Wash- 
inc! -Ti as one continuous conurbation, 
geo ; iohically speaking (see Fig. 43, 
pp. ')9). This difference in inagnitiide 
betw o every earlier type of urban 
dev< nent and that characterizing 
our < age is critical. What is more, 
as p(^ ition increases, the percentage 
of th copulation in cities increases, 
too, a the ratio of those going into 
nietro| jtan areas is even higher. Even 
in Eng] r td, though the amount of land 
occupieti hv cities, “built-over land,'' is 
low (2.2 per cent) in proportion to the 
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entire land area of the British Isles, 
this is more than half the area of “first- 
class’' land available for agriculture and 
is a tenth of the '‘good land*' available, 
according to Sir L. Dudley Stamp's 
classification ( 1952) . Since require¬ 
ments for manufacture and urban de- 
\clopmcut arc' for accessible, gradc'd 
land, these demands conflict with the 
needs of the farmer; they compete for 
the same good soils, and only govern¬ 
ment intervention in England, since 
1932, has saved this misuse of valuable 
agricultural land. 

Undc^r modern technical conditions 
the open pattern of the residential sub¬ 
urb is not confined to domestic needs 
alone. The demand for large land areas 
c haracterizc's inodc'rn factc^ry organiza¬ 
tion, with its horizontally ordered as- 
sc'mbly line's, honsc^d in spreading onc*- 
story structures, and, above all, airports 
for long-distance flights, whose demand 
for landing lanes and approaches on 
the order of miles has increased with 
the size and spewed of planes. In addi¬ 
tion, the noise of planes, e.specially jets, 
sterilizes even larger areas of land for 
residential use as both hazardous to life 
and dangerous to health. There are 
many urban regions, like that tapped 
by the main-line railroads from 
Newark, New Jersey, to Wilmington, 
Delaware, where urban tissue has 
c'ither displaced the land or so com¬ 
pletely modified its rural uses as to give 
the whole area the character of a semi- 
urban desert. Add to this, in every 
conurbation, the ever larger quantity 
o‘f land needed for collective reservoir 
systems, sewage works, and garbage- 
disposal plants as dispersed local facili¬ 
ties fall out of use. 

As a result of population increase and 
urban centralization, one further de¬ 
mand for land, unfortunately a cumu¬ 
lative one, must be noted: the expan¬ 
sion of urban cemeteries in all cultures 
that maintain, as most “Christian” na¬ 
tions do, the Paleolithic habit of earth 
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burial. This has resulted in the migra¬ 
tion of the burying ground from the 
center to the outskirts of metropolitan 
areas, where vast cemeteries serve, in¬ 
deed, as temporary suburban parks, un¬ 
til they become a wilderness of stone 
monuments. Unless the custom of peri¬ 
odically emptying out th(\se cemeteries^ 
as was done in London and Paris with 
the bones in old churchyards, takes 
hold, or until cremation replac(\s burial, 
the demand for open spaces for the 
dead threatens to crowd the quarters 
of the living on a scale impossible to 
conceive in earlicu* urban cultures. 

URBAN-RURAn BALANCE 

Whereas the arc'a of tht' bigg(\st 
cities, before the nineteenth century, 
could be measured in hundreds of 
acres, the areas of our lu'w c'onurba- 
tions must now be measured in thou¬ 
sands of square miles, d'his is a new 
fact in the history of human settlement. 
Within a century the economy of the 
Western world has shifted from a rural 
base, harboring a few big cities and 
thousands of villages and small towns, 
to a metropolitan base whose urban 
spread not merely has engulfed and 
assimilated the small units, once iso¬ 
lated and self-contained, as the amoeba 
engulfs its particles of food, but is fast 
absorbing the rural hinterland and 
threatening to wipe out many natural 
elements favorable to life which in ear¬ 
lier stages balanced off against deple¬ 
tions in the urban environment. Frc^m 
this, even more critical results follow. 
Already, New York and Philadelphia, 
which are fast coalescing into a single 
conurbation along the main-line rail¬ 
roads and the New Jersey Turnpike', 
find themselves compe^ting for the same 
water supply, as Los Angeles competes 
with the whole state of Arizona. Thus, 
though modern technology has escaped 
from the limitations of a purely local 
supply of water, the massing of popu¬ 
lation makes demands that, even apart 


from excessive eosts (which rise ; b :k 1 
ily as distance increases), put a defin 
able limit to the possibilities of further 
urbanization. Water shortages may in 
deed limit the present distribution long 
liefore food shortages bring population 
growth to an end. 

This situation calls for a new ap 
proach to the whole problem of urf)an 
settlement. Having thrown off natural 
controls and limitations, modern man 
must replace them with an at least 
equally effective man-made pattern. 
Though alternative proposals may be 
left to that portion of this volume deal¬ 
ing with the future, one new approach 
has fifty years of experience behind it 
and may properly be dealt with under 
(he head of history. In the last decade 
of the nineteenth century two projects 
came forth relating to the need, already 
visible by then, to achiiA'c a different 
balance among cities, indu.stries, and 
natural regions from that which had 
been created by either the old rural 
economy, the free town economy, or 
the new metropolitan economy. The 
first of these suggestions was the work 
of tlie geographer Peter Kropotkin. His 
book Fields, Factories, and Workshops 
(1899) dealt with the alteration in the 
scale of technically efficient enterprise 
made possible by the invention of the* 
electric motor. The other book, To¬ 
morrow, published in 1898 by Howard, 
embodied a proposal to counteract the 
centralization of the great metropolis 
by reintroducing the method of coloni¬ 
zation to take care of its further 
growth. Howard propo.sed to build 
relatively self-contained, balanced com¬ 
munities, supported by their local in¬ 
dustry, with a permanent population, 
of limited number and density, on land 
surrounded by a swath of open country 
dedicated to agriculture, recreation, 
and rural occupation. Howard’s propo 
sal recognized the biological and social 
grounds, along with the psychological 
pressures, that underlay the current 



396‘ Mtm’s Role in Changing 

movement to suburbia. It recognized 
the social needs that were causing an 
exodus from rural regions or drab, one- 
industry towns into the big city. With¬ 
out disparaging such real advantages 
as the concentrated activities and insti¬ 
tutions of the city offered, Howard 
proposed to bring about a marriage be¬ 
tween town and country. The new kind 
of city he called the “garden city,” not 
so much because of its internal open 
spaces, which would approach a sound 
suburban standard, but more because 
it was set in a permanent rural environ¬ 
ment. 

Besides invoking the Aristotelian 
ideas of balance and limits, Howard's 
greatest contribution in conceiving this 
new garden city was provision for mak¬ 
ing the surrounding agricultural area 
an integral part of the city's form. His 
invention of a horizontal retaining wall, 
or green belt, immune to urban build¬ 
ing, was a public device for limiting 
lateral growth and maintaining the 
urban-rural balance. In the course of 
twenty years two such balanced com¬ 
munities, Letchworth (1903) and Wel¬ 
wyn (1919), were experimentally 
founded by private enterprise in Eng¬ 
land. The soundness of the garden-city 
principle was recognized in the Barlow 
rej^ort (1940) on the decentralization 
of industry. Thanks to World War II, 
the idea of building such towns on a 
great scale, to drain off population from 
Movercrowded urban centers, took 
h(>u This resulted in the New Towns 
Act <.r 1947, which provided for the 
ere. * n of a series of new towns, four- 
tc(‘i < all, in Britain. This open pat¬ 
tern town-building, with the towns 
then ;»s dispersed through the coun¬ 
tryside and surrounded by permanent 
rural ■ ^Tves, does a minimum damage 
to th< idsic ecological fabric. To the 
extent dnit their low residential den¬ 
sity, ol twelve to fourteen houses per 
acre, gives individual small gardens to 
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almost every family, these towns not 
merely maintain a balanced micro-en¬ 
vironment but actually grow garden 
produce whose value is higher than 
that produced when the land was used 
for extensive farming or grazing ( Block, 
1954). 

On the basis of the garden-city prin¬ 
ciple, Stein (1951) and others have put 
forth the possibility of establishing a 
new type of city by integrating a group 
of communities into an organized de¬ 
sign that would have the facilities of a 
metropolis without its congestion and 
loss of form. The basis for this kind of 
grouping was laid down in the survey 
of the state of New York made by the 
Commission of Housing and Regional 
Planning, of which Stein was chairman, 
and was published with Henry Wright 
in 1926. Wright, the planning adviser, 
here pointed out that the area of settle¬ 
ment was no longer the crowded termi¬ 
nal metropolitan areas of the railroad 
period but that electric power and mo¬ 
tor transportation had opened up a 
wide belt on each side of the railroad 
trunk lines, equally favorable for in¬ 
dustry, agriculture, and urban settle¬ 
ment. The most fertile soil and the 
most valuable geological deposits were 
almost entirely in the areas below the 
thousand-foot level; and, in planning 
for new urban settlement, the reserva¬ 
tion of forest areas for water catchment 
and recreation, for lumber, and for elec¬ 
tric power was important. Instead of 
treating the city as an intrusive element 
ip a landscape that would finally be de¬ 
faced or obliterated by the city's 
growth, this new approach suggested 
the necessity of creating a permanent 
rural-urban balance. In the regional 
city, as Stein conceived it, organization 
would take the place of mere agglomer¬ 
ation and, in doing so, would create a 
reciprocal relation between city and 
country that would not be overthrown 
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by further population growth (Mum- 
ford, 1925, 1938; MacKaye, 1928; Stein 
1951). 

With this statement of the problems 
raised for us today by the natural his¬ 
tory of urbanization, our survey comes 
to an end. Tlie blind forces of urbani¬ 
zation, flowing along the lines of least 
resistance, show no aptitude for creat¬ 
ing an urban and industrial pattc^rn 
that will be stable, self-sustaining, and 
self-renewing. On the contrary, as con¬ 
gestion thickens and expansion widens, 
both the urban and the rural landscape 
undergo defacement and degradation, 
while unprofitable investments in the 
remedies for congestion, such as more 
superhighways and more distant reser¬ 
voirs of water, increase the economic 
burden and serve only to promote more 
of the blight and disorder they seek to 
palliate. But however difficult it is to 
reverse unsound procedures tliat offer 
a temporary answer and immediate— 


often excessive—financial rewards, wt- 
now have a prospect of concrete alter¬ 
natives already in existence in England 
and partly established in a dificrent 
fashion by the regional planning ;ni 
thority for the highly urbanized Ruhr 
Valley in Germany. With these exam¬ 
ples before us, we have at least a hint 
of the future task of urbanization: the 
re-establishment, in a more complex 
unity, with a full use of the resources 
of modern science and techniques, of 
the ecological balance that originally 
prevailed between city and country in 
the primitive stages of urbanization. 
Neither the blotting-out of the land¬ 
scape nor the disappearance of the city 
is the climax stage of urbanization. 
Rather, it is the farsighted and provi¬ 
dent balancing of city populations and 
regional resources so as to maintain in 
a state of high d(weloprnent all the elc'- 
ments—social, economic, and agricul¬ 
tural—necessary for their common life. 
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Man^s Tenure of the Earth 

The Impress of Primitives on Environment 
The Classical Period—East and West 
The Modern Era of Exchange Economy 
Mans Attitudes toward Nature 
Unstable Equilibrium and Constant Change 


Dr. F. Fraser Darling, who chaired 
the first of the discussion sessions, 
called attention in his introductory re¬ 
marks to Sauer's expression, “Man's de¬ 
formation of the pristine." If man is to 
civilize, he must detovm; yet many are 
concerned at how man has deformed 
the pristine—and this is the central 
theme of the symposium. 

As man reached consciousness and 
changed from the hunting and food¬ 
gathering state of existence, he began 
in some measure to dig into tlie accu¬ 
mulated organic and inorganic wealth 
of the world. The tapping of this wealth 
of resources provided man with the 
leisure and the time to think, to play, 
and to create. 

Western civilization has been mark¬ 
edly influenced by the idea of man's 
dominion over the earth put to him in 
Genesis. Western man has tended to 
set himself apart from the rest of ani¬ 
mate nature, while other and older civi¬ 
lizations and systems of religion have 
regarded man as being a part of nature. 
Though very different from the nine¬ 
teenth-century approach, nevertheless 
there is today a very real movement in 
science toward resolution of this dual¬ 
ism through studies of the association 
of mankind with nature. 


niF, IMPRESS OF PRIMITIVES ON 
ENVIRONMENT 

Stkv^art emphasized that man has 
influence d the face of the earth for a 
million years or so. Before agriculture 
and herding, there were the effects dur¬ 
ing the long reaches of prehistory of 
man's use of fire and tools. Setting fire 
to the landscape has been a universal 
cultuml trait. All peoples apparently 
did it in all places, so that burning has 
been effective in producing the first 
landscape of which man has record. 
Early human activity influenced veg¬ 
etation, and, in turn, vegetation has 
had a very great influence on changes 
in soil. 

Banks asked how small numbers of 
men associated in primitive tribes and 
having very short life-spans really could 
have been effective modifiers of the sur¬ 
face of the earth. What meaningful les¬ 
sons are to be drawn from early times, 
when now we are facing times when 
few die young and many live to matu¬ 
rity—w’hen there is a clear difference in 
scale of populations? Spoehr, in reply, 
stressed the broad framework in space* 
and time of man's activities. By at least 
10000 B.C., if not by 20000 b.c., man had 
penetrated into every major land area 
of the world as we know it today; the^ 
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effects of small societies are not to be 
gauged by their size but rather through 
their wide and early distribution and 
the great time span of thousands of 
years througli whieh tljey have acted. 

Sauer cited examples from Lower 
C>alifornia and the lower Mixteca area 
of Mexico. The southern end of the for¬ 
mer, a quite arid area, contains peoples 
who arc among the most primitive in 
skills that the New World knows. Yet, 
without fire, they have driven back 
palms and other useful vegetation. 
Primitive agriculture, too, has produced 
some very significant deteriorations of 
soils on slopes. The field studies of 
Sherburne Cook have shown that man’s 
cultivation of slopes, even where the 
general system of agriculture was be¬ 
nign, has led to losses which culminated 
in catastrophes of considerable dura¬ 
tion. I’he lower Mixteca today com¬ 
prises hundreds of square miles of lime¬ 
stone hill country with apparently little 
else bnt palmetto growths. Yet all 
through (he area there are remains of 
early settlement. The pottery frag¬ 
ments, for example, point to the period 
of Monte Alban I, but further studies 
arc’ nc'cessary combining knowledge of 
physiography, archeology, and plant 
composition. Sears pointed out that 
Ck^ok’s work siil^stantiatcs a guess made 
many years before by Vaillant that the 
pyramid-builders of Tcotihuacan, who 
ilomislu'd from about 500 B.c. to a.d. 
S(K). must have cleared the forests ex- 
t( '(Mvely for the* burning of lime. Cook 
'ul evidence of very heavy erosion 
co: ' initanl with the period of active 
oc ttion of Teotihuac4n. 

s described another example of 
tlu k of c*arly man—the building of 
sheh f)imds or refuse heaps, of which 
som. I Florida are as long as 3 miles, 
30 f» ill height, and about 150 yards 
wid( ,, build these obviously required 
a ver\ >ug time or a considerable pop¬ 
ulation. 

Nark, m writing, called attention to 


the book of Kraft^ as one of the most 
important works in the field of prehis¬ 
tory that has appeared in recent years. 

WissAiANN, also in writing, summa¬ 
rized the point of his chapter that 
plants and animals were first domesti¬ 
cated by man in the moist tropics, then 
adaptecl to the margins of the steppes 
and oases of the deserts, where the first 
civilizations were formed, and then 
spread from the deserts and steppes 
into the forests. More recently, the Eu¬ 
ropean occupation of North America 
went from the moist east to the dry 
west. 

THE CLASSICAL PERIOD—EAST 
AND WEST 

In India, Southeast Asia, and central 
and southern China something distinct¬ 
ly different from the westward trend 
of civilization developed. Whtfooel 
pointed out that many civilizations were 
greatly concerned about water control 
for the sake of combating floods and 
cremating a standardized, artificial envi¬ 
ronment in which standardized irri¬ 
gated crops could be grown. With the 
emphasis placed on inten.sive agricul¬ 
tural production, there was not much 
space for labor animals. Man in horti¬ 
culture-fashion and with the simplest 
tools did most of the work. By the time 
of Confucius, China worshiped three 
great culture heroes, Yao, Shu, and Yu, 
all of whom worked to regulate water. 
From the beginnings of settled life, 
man, in the North China plain, had to 
tame thc^ rivers and dig irrigation ca- 
•nals. This effort has been perpetuated 
through the ages and has transformed 
the swampy North China plain into a 
man-made landscape. 

Arab sources, too, provide useful in¬ 
dications of conditions of the past, 
though such sources, as Huzayyin 
pointed out, are not very well known, 

1. Georg Kraft, Der Urmensch ah Schopfer: 
Die geistige 'Welt des Eiszeitmenschen (2d ed.; 
Tubingen: M. Matthiesen & Co., 1948). 
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since they exist mostly in manuscripts 
not fully studied. Masoudi, writing in 
the tenth century, mentioned changes 
in northern Arabia, especially in the 
southern part of the Syrian Desert. In 
about the sixth century there were 
wells and oases svifRcient to enable a 
woman to travel alone across the 
desert, passing from one watering area 
to another in safety and with an abun¬ 
dance of water and of food along the 
way. Perhaps there is a tendency by 
writers of the East to glorify the past, 
\’et the circheological evidence bears 
out this point. In late Roman times 
wells in the Syrian Desert region of 
Azraq had a level of water about 6 feet 
higher than at present. 

Explanations of such phenomena are 
complex rather than simple: there were 
natural leasons, perhaps changes of 
climate, and there were human reasons, 
such as the cutting-down of vegetation, 
which had a secondary effect on water 
sources and the increase of evapora¬ 
tion. Also involved were indirect ef¬ 
fects of human activities; for example, 
the development of the Arabian horse, 
a subject requiring further study. The 
horse was introduced into Arabia in 
lieu of the camel, which is rather a 
peaceful animal, not one for expansion 
or trouble. Rut the horse was different, 
and the Arabian species made expan¬ 
sion possible. The importance attached 
to the development of the particularly 
Arabian horse is reflected in pre-Islainic 
mythology: one of the most important 
intertribal wars was named after two 
mares—the War of Dahis and Ghabraa. 

Heichelheim cited the examples of 
French colonization measures in North 
Africa and the recent colonization in 
Israel as showing clearly that the po¬ 
tential fertility of the soil had not been 
destroyed to any measurable degree 
in the regions of Numidia, Mauretania, 
and Cyrenaica. He also pointed out that 
Plato, when speaking of Attica, is a 
second- or third-hand source, for he 


could not possibly have known til^out 
the defore.station of Attica in ihc 
seventh century b.c:. or before, about 
which he wrote in his Criiias. Rt'fta 
ring to the recent monogra]>h by Kahi 
stedt, Heichelheim brought out that iu 
Greece during Roman imperial tim<‘s 
there were more forest estates than in 
classical times. Similarly, in Italy, air 
jihotos taken by the Royal Air Force 
during World War II, and studied by 
Bradford, revealed many ancient struc¬ 
tures and farm estates from the pre¬ 
historic period to the f'arly Middk' 
Ages. In Italy it was only with the in¬ 
troduction of Spanish sheep-breeding 
and other more recent changes that de¬ 
struction of fertility resulted. 

Both Glacken and Osbokn cpics- 
tioned Heichelheim’s views. Gi.acken 
made note that in his chapter he 
neither accepted nor rejected Plato’s 
arguments but had cited his work as a 
landmark in the history of an idea. 
Plato had grasped the notion that man 
eould change his cmvironment, that a 
remnant of soil might be representative 
of a f'^rmcr fertile soil, and that a cer¬ 
tain patch of forest might suggest a 
past condition. Osborn referred to the 
works of Columella and others—con¬ 
temporary Romans—which were filled 
with observations made by them during 
their lifetimes on what might be called 
the “degradation of the Italian penin¬ 
sula”—that the capacity of the soil to 
grow wheat and other crops constantly 
declined. Also, Vladimir Simkhovitch, in 
an essay called “Hay and History,” ex¬ 
pounded the thesis that the causes for 
the decline of the Roman Empire were 
twofold: the falling-apart of family life 
and the inability of wheat production 
to support the population.^ 

Darijng agreed that we do need to 

2- Vladimir Gregorievitch Simkhovilch, To¬ 
ward the Understanding of Jesus, and Two 
Additional Historical Studies: Home's Fall Ho- 
considered; Hay and History (New York: 
Macmillan Co., 1933). 



404 Mans Role in Changing the Face of the Earth 

c-xamit.e the sources of the general his- changes in techniques and methods and 
toricaJ view of latifundia. The large all the quickening and slowing of eco- 
estate means some measure of conser- nomic life, this pattern of settlement 
vation. and conservation goes when, persisted until the industrial revolution, 
under a money economy' or an export- And even today the main network of 
import situation, tlie cstato is broken population dates from the efforts of 
into small peasant holdings. that small group of people in the fifth 

To Dahwiiv s fiiKTv, *TIow did the and sixth centuries. Darling added the 


cedars of Lebanon, of biblical record, 
survive longer than the forests of Italy?** 
Heichllhljm replied that the forests of 
Italy in Roman times were, over all, 
really not depleted, while in T^ebanon 
there was a gradual decline, because 
the trees w(^re extremely valuable. 

In summarizing, at the end of the 
session. Darling felt that Heichelheim 
spoke not as a biologist but primarily 
as a classicist, though with a certain 
chemical awareness. In considering that 
])ofeiitial fcTtility in the Mediterranean 
lands and Arabia was not impaired, 
what perhaps had been lost sight of 
was the biologic complex, which makes 
use of the potential mineral wealth in 
iho soil. With the loss of that biologic 
c'omplex, only a desert results, though 
a satisfactory chemical analysis may 
remain. 

Darry introduced a concrete example 
fiom England to illustrate the effects 
upon the contemporary landscape of 
the works of a small number of people 
in ancient times. The Anglo-Saxons who 
invaded England during the fifth and 
si\tli centuries were very small in total 
iRMiibers. As small bands of practical- 
liii ..],'d immigrant farmers, they ex- 
a nted and finally settled at vari- 
oii laces. But these settlements fixed 
foi : later time the pattern of the 
geo i)hy of England. For instance, 
wilt men named “Redder” and 

“Wa s('ttled in the sixth century, 

then. and the towns of Reading and 
Wals liam today. While a great deal 
had g - on in the Roman and earlier 
jieriods diis relatively small group ef¬ 
fected a "rt^-start” in the history of 
the landscape. Through all the later 


thought that the Anglo-Saxons, possibly 
more than any earlier people in Brit¬ 
ain, used animals as a means of achiev¬ 
ing their desired landscape—in this 
case, the use of swine to clear the for¬ 
est floor, followed by sheep-grazing on 
the soil, which then grew grass. 

THE MODERN ERA OF EXCHANGE 
ECONOMY 

The idea of population growth is a 
\ ery ancient one, Glacken commented 
—the notion that there is a niche for 
things and that these niches in the uni¬ 
verse will gradually be filled up. This 
“principle of plenitude,” though very 
deep in Western thinking, really did 
not emerge until the eighteenth and 
nineteenth centuries, when such writers 
as Siissmilch and, later, Mai thus, ex¬ 
pressed the notion of a gradual filling- 
up of the earth. And so in the modern 
era, as Banks pointed out, we must 
take into account the changing age pat¬ 
tern and the changing numbers of the 
population, for we are facing a time 
when few die young and many live to 
maturity. 

Adding to Banks’s remarks, Gregg 
remembered that once in inland Brazil 
he had met a cahoclo, a peasant, who 
said about his clearing: “When my 
sons were here and before they mar¬ 
ried, we had a good roga, but they 
wanted to have farms of their own; 
they left me, and soon came the ‘green 
wave,’ and I lost it all.” This suggested 
that the capacity to fight the battle 
against the growing forest involved the 
use by a farmer of his sons. In the Con¬ 
necticut River Valley of the United 
States a man who had plenty of sons 
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could settle and manage the land; but, 
when families became smaller, the 
management of farms was lost to Ital¬ 
ian immigrants, who took up the land 
again and made a go of it bc'cause they 
had sons to work cost-free to keep the 
thing going. A culture in which many 
children arc born but in which many 
die early offers very different oppor¬ 
tunities for the management of the land 
from one in which all the sons grow to 
maturity and in which the law of 
primogeniture, together with the in¬ 
creased span of life, means that a man 
will not turn over his farm to his son 
until his son is nt^arly forty years old or 
more. Nobody develops a wild enthu¬ 
siasm for property by having to wait 
until he is over forty to get it. 

Janaki Ammai. introduced the prob¬ 
lem of the population of India—four 
hundred million people being quite a 
large percentage of the world's popu¬ 
lation. In India the industrial revolu¬ 
tion meant the clearing of land used 
chiefly for a subsistence economy of 
village farming, cattle-grazing, and 
hunting and the shifting to a money 
economy, using the land for the grow¬ 
ing of cotton, oilseeds, and other export 
crops. The result has been that for the 
last one hundred and» fifty years the 
Indians have lived hedged in, as it 
were, by an artificial environment, with 
all the necessary facilities of security 
and safety to increase their population. 
Any kind of medical aid only makes 
them live longer and increases demands 
on food supply; any method of curtail- 
ing population must deal with people 
who have not yet assimilated the scien¬ 
tific attitude. 

Gourou provided an example from 
India of the impact of a commercial 
economy. At the end of the sixteenth 
century, Goa was a great Portuguese 
city of three hundred thousand people, 
a considerable market for the consump¬ 
tion of produce. Transport was not well 
developed, and it was necessary to buy 


from the immediate surroiiudiugs. Mlic 
result was destruction of the soil on lh(‘ 
lateritic plateau of the interior, which 
today is without trees, fields, houses, oi 
even much grass. In ITavancore, to the 
south, the plateau soils have been used 
only since the beginning of the twen¬ 
tieth century. Fifty years ago there 
were no fields on the plateau; now the- 
cassava produced there by poor, low- 
caste Christians is beginning to be of 
importance for the food supply of the 
growing population of Travancore. 

The question was raised by Klimm 
of whether there is going to be less 
communication in the future between 
parts of the world, and smaller markets, 
less exchange, and fewer people in an 
exchange economy, or whether the ex¬ 
change economy is going to become 
more nearly universal, with more peo¬ 
ple entering into an exchange relation¬ 
ship. If the world market as a whole is 
going to increase, then we must not put 
too much emphasis on locally closed 
environments but must realize that 
rrans habitat is actually the world and 
that pieces of the world compete with 
each other. However, if there are go¬ 
ing to be fewer people in the world ex¬ 
change economy, if regions like India 
and China are not goii\g to become 
commercialized and compete for pro¬ 
duction and consumption, then we are 
able to take another view' of man's re¬ 
lation to his habitat. 

Gutkind felt that there is aheady a 
settled answer to the question of wheth¬ 
er the world will be more unified in the 
future than it is today. It will be one 
because it is one. If the world is one, 
we can get our food from anywhere; 
there is no fear that population in¬ 
crease will outrun food supply. 

Osborn brought out that at least 
three-fifths of all the people of the 
world are at a virtual minimum die^l 
and below the standard of a desirables 
diet. Even if the United States were to, 
and could physically, export its entire 
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surplus of food to one country only 
India—it would but barely meet the 
niinimum requirenuaits of the objective 
of the Indian government's five-year 
plan. Gutkind in reply suggested that 
the problem is one of proper distribu¬ 
tion of settlements but that for the next 
two or three generations there is noth¬ 
ing else but to do what we can to de¬ 
velop natural resources. 

In summarizing. Darling expressed 
the thought that the replacement of 
subsistence economies by money econ¬ 
omies is a central point in the effect of 
man on the planet. But, where there is 
export of produce, almost everywhere 
there is a very considerable deteriora¬ 
tion of habitat. A subsistence economy 
maintains itself for a very long time and 
engenders its own conserv^ation ethos, 
l)ut an export ('conomy spells deteriora¬ 
tion. With an inc reasing and expanding 
economy, we may, indeed, without very 
great knowledge and without very great 
thought, be heading for disaster. This 
is not inevitable, but a much greater 
knowledge is required than we have at 
the moment. 


nature and man’s interrelationships with 
nature. The history of the idea of na¬ 
ture must include the history not only 
of biology but also of aesthetics, of re¬ 
ligion, and of philosophy, because tele¬ 
ology must be taken into account: Is 
the earth designed for man; is the earth 
designed for use with man at the top of 
the scale; or is there another relation¬ 
ship of man to the earth? Many seven¬ 
teenth-century scientists were very 
strongly concerned with looking into 
nature to see there the proofs of a liv¬ 
ing God. One of the most frecjuently 
quoted Psalms was the One Hundred 
and Fourth: “How wondrous are Thy 
works, O Lord I In wisdom hast Thou 
made them all.” The concept of a bal¬ 
ance or harmony in nature goes back 
fundamentally to the seventeenth-cen¬ 
tury idea of a sort of primordial har¬ 
mony in the world with which man has 
interfered. The feeling we have in read¬ 
ing the background papers is not only 
that man was no passiv^e instrument in 
the past but also that he; not always 
quite knew what he was up to—a sort 
of clash between the conscious controls 


JoNKS, in writing, c][uestioned Dar¬ 
ling’s thesis that subsistence societies 
reach a harmony with their habitat in 
all cases, while an export economy leads 
to deterioration. A Pacific atoll, com¬ 
pletely under subsistence in past times, 
('oi/ld become overpopulated, unless a 
hunicane or other disaster took place, 
and bring about migration. An ex- 
chai:/«' economy might have made mi- 
grati !i unnecessary. 

S ATriTUDLS TOWARD NATUlU: 

"I la dluence that environment has 
on a ,ire and the contrasting notion 
~-miu lore difficult and confused—of 
man = changer of the environment 
are 1; very old ideas, but, as 
Glac:k pointed out, they are more 
notable nr the frequency of observa¬ 
tion than !or systematic study. Related 
to them is the notion of the unity of 


of science and the great unintended 
effects of man’s activity. 

Sears provided several examples of 
man’s attitude toward the landscape, 
what kind of thing he thinks it is, what 
it means to him in terms of his funda¬ 
mental concepts—all of which deter¬ 
mine how he treats it. In the valley of 
Mexico it was not simply that the Span¬ 
iards had found a use for timber and 
needed the space it occupied. Their ac¬ 
tion, according to contemporary testi¬ 
mony, was influenced by their values. 
They were homesick for the treeless 
plains of Castile. They preferred the 
type of landscape in which they had 
grown up and which had been pro¬ 
duced by the activities of the Mesta, 
that great grazing syndicate that oper¬ 
ated over the Spanish peninsula and ef¬ 
fectively denuded it. In another exam¬ 
ple, communities have been observed 
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that have practiced good land use over 
several generations, some for as much 
as two centuries. So far as known, these 
have been communities which have 
been united by some common religious 
bond, and it does not make too much 
difference what religion it was. Wheth¬ 
er these communities arc in Texas, east¬ 
ern Pennsylvania, Ohio, or Iowa, their 
system of ethics is fundamental to the 
way they treat the land. 

Anderson reported on the altitude 
toward nature which the botanist Bor 
observed during his collections in the 
forests of Upper Burma and of Assam. 
Since unrecorded time the peoples 
there have had a simpki nature wor¬ 
ship; although they had a Brandwirt- 
schaft—they burned and moved on— 
their hilltops were not burned over. The 
hilltops were sacr(‘d; as ]daces of wor¬ 
ship, they were not cut over or pas¬ 
tured. Therefore, in this hack country, 
in a place where man has been the 
longest in a state similar to what he 
must have been in the Stone Age, an 
attitude toward nature has preserved 
inviolate a very considerable propor¬ 
tion of the landscape. 

Setdenberg, in writing, drew by anal¬ 
ogy a moral from this primitive exam¬ 
ple. The recent “c'onquest” of Mount 
Everest, universally acclaimed as a tri¬ 
umph and culmination of mountain- 
climbing, was in fact a profane act 
which denuded man of the last symbol 
left on earth of unconquerable nature. 
The ascent of Everest, which repre¬ 
sented a kind of psychological, if not 
spiritual, peak, resulted in what can 
only be termed a belittling of our 
world. It would have been singularly 
appropriate to have preserved it invio¬ 
late, if only as a universal symbol of 
man's place in the infinity of nature. 

In his summary Darling brought out 
another example of the importance of 
social behavior to land-use practices. In 
Scotland, rod-and-line fishing of salm¬ 
on would never fish out a river, while 


continued bag-netting at the ; <»sts 
would certainly do so. But, especiaih 
in the highland areas of Scotlaiui 
where bag-netting is done, there is a 
strong Sabbatarian feeling, and the h i-' 
nets are taken up at six o’clock on Sal 
urday evening and not put down agai\i 
until six o’clock Monday morning. Thai 
piece of socioreligious behavior is quit( 
sufficient to act as a conservation meas¬ 
ure on the salmon stocks, since for 21 
per cent of the time fish can go up the 
river unhindered. 

For Oaldston a crucial philosophical 
or cultural question was whether man 
looks upon himself as within or without 
nature. In science generally, but in the 
medical sciences in particular, man re¬ 
gards himself as quite without nature, 
in that he assumes he can manipulatt* 
nature fr(‘cly and without suffering any 
untoward consequcncv.*s. This is very 
clt‘arly reflected in the history of medi¬ 
cine. There was a time when I he micro¬ 
cosm and the macrocosm and the rela¬ 
tionship of the two were deliberated on 
se i(nisly, as, for example, by Hippoc¬ 
rates and later by Paracelsus. Today, 
except to a few ecologists, this is looked 
upon as a rather silly concern; and 
have grandiose enterprises to “wijie 
out” infantile paralysis, tuberculosis, 
and a host of other diseases, based on 
the very serious assumption that, once 
they are wiped out, they stay wiped out 
and that there are no equilibration up¬ 
sets. 

Darling disagreed witli Galdston’s 
contention that any definition of ecol- 
ogy takes its line of departure from 
.some value system which is essentially 
liomocentric. The ecologist is not con 
cerned with what man considers desir¬ 
able or not but rather with what is most 
fitting to any particular environment. 
In any habitat there is an ecological 
situation which is the most efficient in 
the circulation of energy. This situation, 
or particular association of plants and 
animals, for every environment in 
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which there is life is termed climax. 
It is that ideal situation that ecologists 
consider—what it is that a particular 
habitat can produce without the pres¬ 
ence of man at all and what efficiency 
is lost in certain situations due to man s 
activities. 

The concern of most preliterate peo¬ 
ples, at least philosophically, has not 
been so much with natural resources as 
with habitat. Philosophically, too, an¬ 
cient man felt himself to be a part of 
nature; only in the last two or three 
centuries has man set himself apart 
from nature. For these reasons, Spoehr 
felt that a consideration of ‘natural re¬ 
sources” could not be held at any time 
except the present, for it is a term 
which is culturally defined and which 
has grown out of our world-wide pre¬ 
occupation with how the millions of 
people today are to live. 

Darwin the naturalist had a sensitive 
insight, Spoehr added, into the inter¬ 
relationships within nature, a point of 
view that was represented by preliter- 
atc peoples, except that he was dealing 
with observed reality rather than with 
created reality. On the other hand, the 
achievements of the physical sciences 
and their practical applications have 
led us to a very practical concern with 
controlling nature. In Sears’s observa¬ 
tion biologists, geologists, and geogra¬ 
phers are all concerned with the ques¬ 
tion of natural resources. On the other 
hand, there are many who are inti- 
mat. !v concerned with technology and 
its )lication and who tend to play 
dow the concern about man’s relation 
to r ral resources. This very serious 
clea o of opinion or attitude within 
the I ks of science is to be found in 
other oups of thought. For example, 
we In lently hear talk of an expand- 
ing e omy as though it were the 
dream the American people. Yet the 
term is od without qualification and 
without iving for how long the econ¬ 
omy is to t epand or by how much. It is 


assumed to be the basic concept of our 
civilization. 

unstable equilibrium and 

CONSTANT CHANGE 

Darling, in his introductory remarks, 
emphasized that Sears’s paper has an 
important passage on “niche” and “role.” 
The occupation of a niche and its main¬ 
tenance thereafter mean, in our civili¬ 
zation, having a regard for, or obliga¬ 
tion to, the environment in which our 
niche is located. Developing from that 
is the new ethic of conservation which 
ultimately may have a great deal more 
religious consequence than it has had 
uji to the present. Respect for habitat is 
fundamental in some of the other past 
and present religions of the world, but 
in our own it has been foreign to our 
idea that we have dominion over the 
c'arth. 

Clark thought that one of the rea¬ 
sons why the world sometimes does not 
listen to conservationists as keenly as 
it ought is that differemt datum lines 
are assumed from which deformation 
may be said to begin; each person has 
his own “Garden of Eden,” his own 
“Golden Age,” and tends to measure 
what is going on in the world, or what 
is bad with what is going on, in terms 
of his own conception of what would 
be perfect. This is partly implied in any 
concept of niche: that plants, animals, 
and particular cultural groups have a 
special niche in the world and that, 
somehow or other, things must be fitted 
so that the niche is properly occu¬ 
pied. The difficulty is that niches are 
not stable but constantly changing. 
They have been appearing and disap¬ 
pearing for countless thousands of 
years. It is a prehistorical and histori¬ 
cal viewpoint that provides the frame¬ 
work for the idea of a constantly chang¬ 
ing world. If less were said about de¬ 
formation and more thought given to 
living in a constantly changing world. 
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then some of the difficultic's continually 
brought out by those who seem op¬ 
posed to the conservationists might be 
surmounted. 

Sears replied that, as a student of 
vegetation history, he thought himself 
to be sufficiently awarc^ of the con¬ 
stancy of change. The main point with 
which the ecologist is concerned is that 
there is in the landscape a system of 
energy and material transformation 
whose trend—whether or not it is at 
climax—is very easily disrupted. Any 
landscape involves a multitude of or¬ 
ganisms, all very closely integrated and 
interrelated, and each mcmi or less help¬ 
ing to sustain the system. There is a 
tendency or a trend toward relatively 
c^fficient use of the energy which im¬ 


pinges and of the material w' ; 
present and toward minimizing ^ 
structive action of the forces of cliniL * 
and weather and toward regulatioii ^ 
the flow of water. It is this proc< 
that makes possible man's occupatio; 
of the earth and provides relatively t i 
ficient returns. And whether man main 
tains it or substitutes something elst? 
which performs the same function is 
immaterial. 

Jones, in writing, suggested that, 
since ecologists are recognizing that the 
environment is not a constant but is 
unstable, for both natural and human 
reasons, a need is created for studies of 
“the topography of environmental in¬ 
stability,” using “topography” in its 
classical sense. 



Subsistence Economies 
The Time Aspect 
Fire 

l^omcsticntion and Migration 

Deforestation 

Ploto A^riciiltiirr 

l^'rom Techniques to Social Orders 
The Fifteenth-Century Depopidation 
I'he Qiialiitf of Feasant Living 


In his introductory statement Chair¬ 
man Alexander Spoeiir referred to tlic 
time scale of human history, during 
most of which subsistence economies 
have been dominant. This kind of life 
was general throughout the world be¬ 
fore 5000 B.c:. and common to consider¬ 
able parts of the world almost to mod¬ 
ern times. What have been the rela¬ 
tions of such societies to the earth’s 
surface? 

THE TIME ASPECT 

It seemed to Bltjmenstock tliat the 
t h iiatic upheavals of the Pleistocene 
in * posed a very important kind of 
sc oermeablc screen through which 
on c ertain kinds of things resulting 
fio! \]ic influence of man could move. 
Nil -nine per cent of human history 
lies hin the pale of the archeologist. 
By ! to twenty thousand years ago 
ma?.‘ id pushed his way, except for a 
few ,inds, to the remote corners of 
the c , th. Haury felt that we need to 
ask ourselves what this long and widely 
based Ic^nure has meant. The archeolo¬ 


gist has not yet supplied adeejuate in¬ 
formation of a sort that the ecologist 
and others perhaps want. The frame¬ 
work within which the archeologist op¬ 
erates has broad dimensions in space 
and time. Change comes as a response? 
to continual adjustment to changing 
environmental conditions; out of the 
continual adjustments man has made, 
new things have emerged. From an 
early hunting condition in the Americas 
there was change to a gathering type 
of economy incident to the extinction 
of some of the large game animals. Cor¬ 
related with that change were certain 
cultural losses and gains which then 
led to the nuclear developments in 
South America, Central America, Mex¬ 
ico, and, to a lesser degree. North 
America. 

Huzayyin stressed the importance of 
having a true perspective of the time 
scale in the evolution of human culture. 
The Paleolithic represents by far the 
longest chapter in human activity com¬ 
pared with the Neolithic and later 
stages. In some areas, such as the mid- 
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latitude deserts, the importance of the 
Paleolithic unfortunately has been over¬ 
shadowed by stress on the Neolithic 
phase of human settlement. As com¬ 
pared to the historic phase with its doc¬ 
uments and descriptions left by man, 
our study of the tools and stone imple¬ 
ments of prehistoric man is not preju- 
diced. Among the Lower Paleolithic 
industries (Chellean-Acheulean com¬ 
plex, etc.) there was no significant dif¬ 
ference between one world area and 
another, except for South Africa and 
perhaps Southeast Asia. Not until the 
Upper Paleolithic was there a signif¬ 
icant change in human life: different 
kinds of stone industries localized in 
certain areas—Aurignacian, etc., in Eu¬ 
rope, Capsian in North Africa, Aterian 
in the Sahara, Badarian in Egypt, etc. 
This localization of industry for the first 
time in human history can be inter¬ 
preted as being due to a clearer adjust¬ 
ment of human activity to natural en¬ 
vironmental conditions. It was in the 
Upper Paleolithic, too, that art began 
as a result of sufficient leisure for de¬ 
velopment of spiritual aspects of hu¬ 
man life. Co-operative efforts of arche¬ 
ologists, paleogeographers, palcobot- 
anists, and paleoclimatologists are 
called for to shed light on this first 
phase of human settlement in which 
groups of men began to differentiate 
local patterns of culture. 

FiRE 

Omitting consideration of energy of 
the human body, the first chapter in a 
history of energy technology would 
treat of man’s use of fire and of the un¬ 
anticipated side effects that occurred 
with its use, such as the role it played 
in creating new environments for hu¬ 
man habitation. Sauer's field work ^ in 
Mexico was largely in the mountains 
during the warm season. The difficulty 
of obtaining landscape photographs ii^ 
ritated him; it was anno\dng that good 
pictures could not be had until the rains 


hit heavily. Gradually he realize*.! 
fire was the most important step vh tt 
the people had for preparing land tui 
cultivation or in improving pastures. 
Out of this experience came fiirtViev 
thoughts on the universality and Ion 
gevity of man's use of fire. 

Narr, though he did not attend the 
symposium, submitted the following 
written statement about the oldest evi¬ 
dence for the use of fire by man: 

I think that the doubt which has persisted 
about the “hearths” discovered near Ips¬ 
wich canno*^ he diminished by the rostro- 
carinates” and other pretended “artifacts” 
of the “crag seriejs.” As far as I see, S. H. 
Warren’ in 1923 was the first who denied 
the artificial origin of those flints. Further 
arguments were brought forth by statistical 
inquiries of A. S. Barnes^ in 1938. This op¬ 
position against the “artifacts” was shared 
by most participants at the International 
Geological Congress in .1948 (see Man, 
LXIX [1949], 58). Also, the ahh6 Breuil 
has modified his former views,^ though he 
still regards “traces of fire" and “a certain 
number of flakes” as “possible,'* simultane¬ 
ous!/ admitting that “their flaking angle is 
generaflv unfavorable.” A 1954 study by 
K. P. Oakley on “Evidence of Fire in South 
African Cave Deposits*' (Nature, CLXXIV, 
261-64) shows that the vitreous material 
in question probably has been due to fires. 
But the cave deposits consist largely of bat 
guano, which could have easily been ignited 
at the cave entrance by a natural grass fire. 
The oldest evidence for the human use of 
fire thus seems to be the hearths of Peking 
man. Nevertheless, this cannot be taken as 
proof that man learned the use of fire only 
in the mid-Pleistocene. In my opinion the 
use of fire is, beneath language and manu¬ 
factured tools, a criterion which distin¬ 
guishes mankind from other primates. 

1. “Sub-soil Pressure-flaking,” Proceedings 
of the Geological Association, XXXIV, 153 ff., 
and “Sub-soil Flint-flaking Sites at Grays,” 
ibid., pp. 38 ff. 

2. “Les Outils de I'homme tertiaire en An- 

gleterre: l&tude critique,” Anthropologic, 

LXVIII, 217 ff. 

3. See H. Breuil and H. Lantier, 1951, p. 63 
(cited by Sauer, p. 69 above). 
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TherelorCy if there should turn up evidence 
that the **Australopithecinae** were true 
men (in the psychologic and philosophic 
sense), I shall not hesitate to ascribe to 
them the ability of having used Ere, 
whether the latter can be proved or not.'* I 
think that in this respect I am in full accord 
with Dr. Stewart. 

Man is cutting into the wealth of eco¬ 
logical climaxes, but very few men 
(certainly not civilized men) lived in 
forests under climax conditions. Dar¬ 
ling commented that fire has been 
man’s instrument for setting back suc¬ 
cession in creating his habitats. There 
are extensive habitats in stages of suc¬ 
cession well below climax which, 
through loss of organic natural wealth, 
must be considered as deteriorated by 
factors other than the occurrence of 
natural fire only. 

In Ireland, and probably in much of 
northwestern Europe, Evans observed, 
the use of fire as a major force in alter¬ 
ing the environment would seem to 
have depended upon climatic change. 
Scandinavian students of the history of 
technology and agriculture claim that 
the extensive use of fire began with 
subsistence economy and could not 
have been effective under the old hunt¬ 
ing economy. The sub-boreal climate 
which followed the Atlantic phase was 
a factor in the establishment of subsist¬ 
ence economies which have been fos¬ 
silized to a certain extent ever since and 
whose last remnants in Europe are only 
I' w passing away. 

It was the contention of Stewart 
tl fire has always been an environ- 
n* ; tal factor in areas such as the Great 
Pi t '.s. On the other hand, where there 
is r (lequate moisture, a tremendous 
anv int of burning will not produce a 
pur- grassland. The best example is 
foiHid in the southeastern United States, 
wlu ‘ c the longleaf pine forest is the re- 

4. St-e also Nan's short 1954 paper on "Aus- 
tralopithicinen und alteste Gerollindustricn,” 
Cemumia, XXXII, 815-18. 


suit of burning. Without Ere the forest 
simply will not reproduce itself. A re¬ 
lated question, difficult to answer, is 
the distinction between man s produc¬ 
tion of fire and fire produced from nat¬ 
ural causes, such as lightning. Fre¬ 
quently, assertions are made that light¬ 
ning has caused fires on the prairies, 
yet Stewart had found no record of 
lightning-ignited prairie fires. 

Davis considered the southern long- 
leaf pine (Finns palustris) to have 
evolved over many hundreds of thou¬ 
sands of years, with fire sufficiently 
prevalent to produce the species. A fire 
every ten years is even better than one 
every other year. He saw no difficulty 
in postulating lightning as the origin 
for a fire every fifteen to twenty years 
in any forest in Florida without human 
beings necessarily ever having been 
there. Egler granted that fire is of ex¬ 
traordinary importance, but he felt that 
we should be very careful in consider¬ 
ing whether fire (of whatever origin) 
produced a species or a vegetation type. 
There is an important difference. Most 
weed species, like the red birch in the 
northeastern United States, undoubted¬ 
ly existed for a long time, but as a com¬ 
munity the red birch has come into ex¬ 
istence with a different regime. In deal¬ 
ing with a system—a holistic unit—we 
cannot isolate fire as a causal factor 
and hold to that alone. 

In all his personal experience in trop¬ 
ical grasslands (Indochina, central Af¬ 
rica, Madagascar), Gourou, in writing, 
stated that he had never seen a fire 
produced by lightning, in spite of nu¬ 
merous thunderstorms. While personal 
experience is not a proof, it neverthe¬ 
less explains his strong skepticism about 
lightning fires in grass or forest. Also, 
he cautioned against ‘‘observations.” In 
some “protected parks” of tropical Af¬ 
rica, some fires officially attributed to 
lightning are perhaps man-made fires. 

In effect, cessation of fires produces a 
diminution of the land occupied by 
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grasses and a progress of trees. Tlie re¬ 
sult is a diminution of herbivores (an¬ 
telopes, zebras, etc.) and, in conse¬ 
quence, of lions. Yet, great herbivores 
and lions are the principal attraction 
and interest of these parks. Without 
fires the vegetation would return to for¬ 
est. Fire is a means—perhaps the only 
means—of maintaining the vegetation 
in a static situation. Officially, the use 
of fire is not allowed, but it is providen¬ 
tial that responsibility for fire may be 
attributed to lightning. 

Malin read into the record quota¬ 
tions from two newspaper articles, later 
inserted as footnotes (see pp. 350-51) 
to his chapter in this volume. Ilis point 
was that considerable evidence of first¬ 
hand observations of lightning-set prai¬ 
rie fires may be obtained from country 
newspapers which report the week-by¬ 
week activities in a neighborhood. In 
Kansas, for example, the State Histori¬ 
cal Society has a virtually complete file 
of every newspaper, weekly or daily, 
printed in the state since 1876 as well 
as earlier ones. The evidence that meets 
reasonable tests of accuracy and valid¬ 
ity is there for the collecting in news¬ 
paper reports. Malin was stimulated to 
introduce this comment because Sauer, 
m 1944 (pp. 553-54 of “A Sketch of 
Early Man in America,” Geographical 
Review, XXXIV, 529-73), and Stewart, 
in his present chapter (see p. 128), had 
stated that they knew of no documen¬ 
tation of lightning-set fires for the 
plains. 

To Bartlett, newspaper reports of 
the kindling of grass fires seemed en¬ 
tirely credible. In a United States Na¬ 
tional Park Service report on the Flor¬ 
ida Everglades, Robertson (1955) states 
that lightning-started fires in that sub¬ 
tropical area actually have been seen 
by trained fire-prevention observers 
(see the full reference to Robertson, p. 
718). 

World wide, approximately ten thou¬ 
sand thunderstorms occur daily, with 
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roughly a hundred thousand lightniuo; 
strokes per day to the ground. Lands 
BERG remarked. Lightning should not 
be underestimated as a source of fire. 
In Florida, for example, there are at 
least ninety days per year with thun¬ 
derstorms. From the amount of light¬ 
ning, there is no doubt whatsoever of 
its ability to start fires. 

The large problem is not the effect of 
fire on grass, Anderson commented, but 
the effect of fire on vegetation. Grass is 
a special and dramatic example, but 
what of the subtler effects, where forest 
or savanna did not change to grass? 

AmRECHT thought it would l3e help¬ 
ful to look at fire on the land in terms 
of soil. Fire is more detrimental for the 
survival of forests than for grasslands, 
because forest residues burn very hand¬ 
ily, while grass is an annual which dies, 
with its roots adding organic matter to 
the soil where fire does not destroy it. 
Fire converts vegetation residues into 
the more soluble form of ash. The re¬ 
sult of fire is equivalent to a fertilizer 
treatment to the soil. If the ratio of nu¬ 
trient elements is suited to a particular 
physiological performance, then certain 
plants are given a boost toward species 
dominance. Species should be viewed 
in terms of physiological requirements 
from the soil rather than taxonomically. 

Tax, in writing, thought that we 
should think of the influence of man as 
the extinguisher of fires as well as the 
maker of them. 

In the wooded Northeast of the 
United States there were various 
patches of grasslands known as “plains.” 
The White Plains in Westchester Coun¬ 
ty, New York, gave their name to the 
modern city. Murphy, in writing, 
pointed out that on Long Island the 
more extensive Hempstead Plains (250 
square miles in area\ as described by 
Daniel Denton (1670), were certainly 
sustained by fire set by Indians. It is 
likely that annual burning was carried 
out in late summer, so that the Indians 
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might snare great numbers of Eskimo 
curlew and golden plover on their 
southward migration. At any rate, the 
Hempstead Plains remained grassland 
well toward the opening of the twen¬ 
tieth century. As recently as 1893, Long 
Island folklore held that trees would 
not grow on Hempstead Plains. About 
this date residential development be¬ 
gan, and, within two decades. Garden 
City became a sylvan community. To¬ 
day, the Hempstead Plains are a region 
of wood lot and copse. The reversion 
to forest was, in short, concomitant 
with the cessation of fire. 

DOMESTICATION AND MIGRATION 

Si’OEiiR, as Chairman, shifted the dis¬ 
cussion from fire to plants and animals. 
Wherever man has gone he has been 
the center of a biotic assemblage of 
plants, both cultivated and wild, of in¬ 
sects and terrestrial arthropods, and of 
microorganisms, some of which are 
parasitic on man himself. In the time 
scale of human history these factors oc¬ 
curred early. 

Bates called attention to the phe¬ 
nomenon of pre-adaptation with re¬ 
spect to plants and animals. When 
change is brought into a situation, many 
adaptations among the organisms for 
some other purpose will switch over 
and protect them against this new 
change. For example, many groups of 
insects, such as ants, have resisted the 
nisecticide DDT. Other populations 
' < e rapidly shifted, so that certain ele- 
i nts within them which were resist- 
are able to take over as dominants. 

"1 same is true of resistance to fire. 

C ain plants, such as the pines, might 
h; been extremely rare, but, because 
of ' nr adaptation to fire, they became 
til* cological dominant under condi¬ 
tion where fire was an important ele¬ 
ment The organisms associated with 
man pc rhaps belong in this category of 
organisms with very odd characteristics 


which made them rather unsuited to 
the world before man started to mess 
it up but which enabled them to join 
in and reinforce man's activities in re¬ 
molding the landscape. There is a gen¬ 
eral tendency for biologists, as natural 
scientists, to ignore man and his crop 
plants in their search for something in 
which man has not interfered, so that 
they can study “natural" processes. In 
so doing, they overlook the possibility 
of studying man as a part of nature; in 
studying human modifications, we are 
studying nature as well as man. 

Anderson pointed out that there is 
mounting evidence that evolution pro¬ 
ceeds very rapidly when there are new 
niches for things to flow into. Hybrid¬ 
ization, for instance, may have been go¬ 
ing on for a long time. It may not have 
been getting anywhere; but, when a 
new niche is formed into which the 
products of hybridization flow, some¬ 
thing new is created very quickly. 
Therefore, it would be one thing to 
have the longleaf pines. But if there 
were an increased use of fire, so that 
longleaf pines and things like them 
which can withstand fire come together, 
a new association is formed. With new 
niches, there is a place for the product 
of hybridization which had been previ¬ 
ously ignored by natural selection. 
There is a place for something new and 
something different. Therefore, as soon 
as early man created new associations 
—not new species—such as a longleaf 
pine forest, there was change from an 
occasional pine here and there among 
hardwoods to great stands of pine. This 
kind of thing must have happened in 
various ways throughout the world as 
soon as man arrived bringing fire with 
him. In this way a rapid evolution of 
new kinds of things followed in man's 
track. 

Narr, in writing, contributed the fol¬ 
lowing discussion on the origins of pas- 
toralism and on the beginning of im¬ 
portant sheep-breeding in Europe: 
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That domestication of sheep and goats 
began somewhere among tribes of the Indo- 
Iranian border ranges, probably stimulated 
from early plant-cultiv^ating populations, is 
a view favored by Wissrnann and his col¬ 
laborators. However, an assumption that 
pastoralism had an independent origin 
somewhere farther north and thence (per¬ 
haps in the still primitive form of “compan¬ 
ionship”) spread to the south would re¬ 
quire no severe modification of the other 
views expressed by Wissrnann. If we admit, 
furthermore, that an early plant cultivation 
was already in existence l)etween 13000 
and 9000 b.c. or, more cautiously, before 
the beginning of the fifth millennium b.c:., 
though it cannot be proved archcological- 
ly,® we wonder whether the same possibil¬ 
ity also should not be conceded to pasto¬ 
ralism. 

The theory that pastoralism rose inde¬ 
pendently is by no means con trad ictoiy to 
the assumption that plant cultivation orig¬ 
inated rather early in southern Asia. It 
should be remembered in this respect that 
the very partisans of the theory of a sepa¬ 
rate origin of pastoralism, namely, the colder 
generation of the ethnological school of 
Vienna and, among prehistorians in par¬ 
ticular, O. Menghin (1931), also favored 
the view that agriculture began in southern 
Asia, probably as a kind of tuber-planting. 
Furthermore, that does not exclude the pos¬ 
sibility that those eaily southern Asiatic 
plant-cultivators domesticated some ani¬ 
mals, in particular, the pig. This domestica¬ 
tion may have originated from “taming” 
{TMhmen) in the sense given that word by 
H. Pohlhausen (1954). “Taming” consists 
of accustoming animals to the neighbor- 

5. On the unlikelihood of archeological <*vi- 
dence for nomadic pastorali.sm see in particular 
M. Hermanns, 1949, pp. 160, 180-81, as quoted 
by Narr and by Wissrnann (pp- 148 and 301 
above). Indeed, we may modify the statement 
of G. Smolla (quoted by Wi.ssmann, p. 284 
above) as follows: “The lack of archeological 
proof for these earliest planter tribes [pas- 
toralists] does not, therefore, speak against 
their former existence. . . . ^'he archeologist 
can maintain only that no discoveries are 
against such an argument [see Narr, 1953, pp. 
69, 73] and that, by using it, several phe¬ 
nomena become understandable which before 
were inexplicable.” 
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hood of men, so that the beasts no longer 
shrink from them, remain close to human 
settlements, and accept additional food 
from men. Similar “taming” can be ob¬ 
served especially in southeastern Asia aiul 
Melanesia.^* According to Pohlhausen, “tam¬ 
ing” was developed by “territorially fixed 
himlcrs”; this statement is in agreement 
with the assumption that tuber-planting 
originated among sedentary hunter-fisbers 
and food-gatherers. T think that it would be 
wise not to stress too much one .specified 
theory about the origin of pastoralism, for 
il .«:eems that on the evidence available to¬ 
day there is no possibility for a definite, ob¬ 
jective, and really conclusive decision. 

The material on sheep in prehistoric Eu¬ 
rope, used by J. G. D. Clark (1952), comes 
fnun full Neolithic and from late Bronze 
Age and early Iron Age sites. The late Neo¬ 
lithic and, in particular, the early and mid¬ 
dle Bronzes Age are v'irtuallv unrepresented. 
Therefore, the statements of Clark cannot 
mean more than that sheep were imimpor- 
tanl in the economy of the full Neolithic of 
Europe, as far as this could be ascertained, 
whereas they were really of great impor- 
( 0110*0 in the closing Bronze Age and the 
early Iron Age. The regrettable lack of evi- 
denc'^ from the early and middle Bronze 
Age leaves open the question whether and 
wlicm sheep-breeding became more impor¬ 
tant during that time. But there is direct 
evidence from the late Neolithic Pontic, and 
similar Inferences can be made for late Neo¬ 
lithic Middle Europe, that sheep-breeding 
had grown more important in this period 
and probably was introduced on a greater 
scale by a distinct culture group, namelv, 
the Battle-ax civilization. 

Evans added this anecdote: With re¬ 
gard to the movement of plants with 
man, there is a delightful essay by Lord 
Acton, who must have been one of the 
first to look into this question with the 
eye of a historian and with an aesthetic 
sense. He has an essay in his studies in 
history on the commerce of thought, 
with a wonderful section about a sol- 

6. See also p. 754 of K. Jettmar, 1952, “Zn 
den Anfangen der Rentierzucht,” Anthropos, 
XLVII, Nos. 5-6, 737-66, and Narr, 1953, p 
89. 



416 Man’s Role in Changing the Face of the Earth 


dicr in Vespasian s army invading Eng¬ 
land. The soldier s great tramping boot 
wore out, and, with it, the seed lodged 
in the dirt picked up in Gaul was dis¬ 
carded in Kent. From it, he says, "Next 
year England gained another wild 
flower.” And he goes on in assessing, no 
doubt in a prescientific way, the long 
list of plants which the Romans 
brought; and he has, I remember, this 
very delightful phrase: “We owe to the 
Roman”—then he lists a succession of 
plants and adds—“green peas. God bless 
him.” 

Darling pointed to the impoverish¬ 
ment of the flora of wild lands under 
thc^ intentional pastoralism of domes¬ 
ticated stock. He put it as a fundamen¬ 
tal that domestication cuts down the 
mobility of animals. Having got them 
where they arc wanted when they are 
wanted, they are on the spot for a 
longer time than under natural condi¬ 
tions. Pastoralization puts wild land un¬ 
der pressure which, in general, it is un¬ 
able to withstand for an indefinite pe¬ 
riod. The result is an impoverishment 
of the flora, which is, in turn, an im¬ 
poverishment of the organic circulation 
within the particular habitat. 

In the islands of the French West In¬ 
dies the lowland plains and foothills 
differ from the hill lands in soil types 
and, in a way, in local climatic types, 
dlie vegetation type of the flatlands is 
all savanna—isolated thorny trees and 
grassland; that of the hills is scrub, 
f Ml ally these vegetation differences are 
interpreted in terms of climate and soij, 

} t the real explanation, Egler found, 
k in the form of grazing. The key to 
it \ as located where fence lines ran no 
loicr between slopes but up them. 
G( .ts, almost omnivorous and keeping 
to :!o higher rocky slopes, did not eat 
ccM. in scrub plants; the result was 
crol>«n thickets. Cattle ate almost any¬ 
thing except thorny leguminous trees 
and stayed mostly on the lowlands; the 
result was the savanna cattle country. 


The marked division correlated with 
soil and climate differences but not in 
a cause-and-effect relationship, 

DEFORESTATION 

The clearing of woodlands was im¬ 
portant in Europe and America and in 
various parts of Asia. Wittfogel spoke 
of the avoidance of woodland in early 
China. China's culture originated in the 
Yellow River Valley, whose loesslands 
were not densely wooded. The more 
heavily wooded areas of central and 
southern China were only gradually 
opened up to Chinese culture. Records 
of the Han dynasty (about the time of 
Christ) describe the Yangtze area as 
still backward agronomically. In the 
T'ang dynasty (a.d. 618-906) the great 
majority of tlie Chinese still lived in the 
north, only two million Chinese then 
residing south of the Yangtze. Thus, it 
took the Chinese a long time to conquer 
the woodlands and to create the artifi¬ 
cial landscape of terraced paddy fields 
which characterizes central and south¬ 
ern China. 

It was Pfeifer's impression that the 
27 per cent of area in Germany pre¬ 
served in forest is rather exceptional. In 
England, for example, only 3-4 per 
cent remains in forest cover. Riehl, the 
nineteenth-century sociologist, always 
spoke of the forests in Germany as the 
autocratic feature of the landscape: 
during revolutions, the peasantry, tak¬ 
ing advantage of their freedom, re¬ 
duced the forests by their cuttings. 
Thus are the changing relations of man 
and nature linked to social conditions 
of particular times. 

Sears reported that Enrico Martinez, 
an engineer who attempted the drain¬ 
age of the valley of Mexico, wrote in 
1609 that at the time of the conquest, 
which was less than a hundred years 
before his birth, the hills were densely 
forested. It was not until the Spaniards 
came and tackled the forests with steel 
tools and fire and turned what he called 
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‘'Christian cattle’* loose on the hills that 
the erosion cycle once more was re¬ 
sumed. Martinez described very vivid¬ 
ly the consequent flow of mud and 
water down into Mexico City. That is 
not conjecture but the testimony of a 
trained observer at the time. 

The modern world, since the six¬ 
teenth century and especially since the 
mid-nineteenth century, has become 
alarmed over a shortage of suitable 
timber. Darby mentioned that the 
woods, their destruction and its conse¬ 
quences, and the need for some policy 
of conservation were onc' of the main 
themes of George P. Marsh’s Man and 
Nature in 1864. “The Woods” was the 
title of his very long third chapter. 

The large surfaces still remaining in 
forest (about 20 per cent) in present- 
day France, Gourou, in writing, ac¬ 
counted for by the facts that (1) large 
areas of forests are in state lands or 
terras communaJes, which arc collec¬ 
tive lands with special forest legisla¬ 
tion; (2) on marginal lands forest is 
the best economic system; (3) a rural 
exodus has occurred (economically jus¬ 
tified); and (4) sheep have regressed. 

Graham commented upon the rela¬ 
tionship between clearing of land and 
subsistence economy as illustrated in 
northeastern North America. By the 
late eighteenth century much of the 
land in New England had been cleared. 
In north-central Massachusetts, which 
we know very well in terms of its land- 
use history, there was essentially a sub¬ 
sistence economy—not in a primitive 
sense but certainly in comparison with 
the present day. By 1850 the land 
which had been cleared and brought 
into cultivation was largely abandoned 
due to the opening of new lands in the 
prairie states, where it was economi¬ 
cally much easier to produce food 
crops, or (as Tukey pointed out) be¬ 
cause of migration to the Galifornia 
gold fields. Today, that land in north- 
central Massachusetts is practically all 


forest. Thus a reverse generalization is 
true here, for the disappearance of a 
subsistence economy has resulted in the 
rapid appearance of a heavy forest 
growth. 

PLOW AG1UC:ULTURF. 

Following the Paleolithic, special 
types of agriculture arose: digging- 
stick and hoe cultivation, the clearing 
of woodland, and the eventual devel¬ 
opment of plow agriculture. Evans 
thought that an important topic to be 
looked into was the introduction of and 
various modifications of the plow. He 
asked for advices from technologists on 
the exact differences in purpose and 
function between the chill plcw and 
the steel plow and between the left- 
handed and the right-handed plow. 
Pfeifer reiterated that in his chapter 
he cmphasizc'd the importance of plow 
agriculture as a stabilizing factor. Gen- 
tral Europe has been cultivated since 
the fourtli century b.c. without very 
detrimental effects. There is hardly 
anything by way of soil erosion to com¬ 
pare* with what happened in the New 
World under colonial European agri¬ 
culture. It is possible that plow agricid- 
ture was adaptable to different condi¬ 
tions by the shift of emphasis between 
animal-raising and crop tillage. 

FROM TECHNIQUES TO SOCIAL ORDERS 

Spoehr made reference to Gourou’s 
statement, in his chapter on tropical 
agriculture, that human choices have 
been influenced much more by the level 
of techniques than by physical condi¬ 
tions alone. 

Sauer suggested that Gourou’s paper 
was interesting because it emphasized 
the significance of wet-land crops, of 
drainage, and of their possibilities. 
Wet-land plants made into crop plants 
apparently was an exclusively Old 
World set of techniques. The establi.sh- 
ment of modern contacts was a means 
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of invitation to admission of a large 
number of crops. 

Brazil provided an example where 
modern man has reverted to more 
primitive types of agriculture. Pfeifer 
pointed out how German agricultural 
colonists in the state of Espiritu Santo 
took over caboclo ways, using fire and 
shifting fields in forest clearings. But 
the colonists could not move around 
fully like the caboclo; restricted to col¬ 
onies of limited areas, the colonists had 
to rotate their fields so fast that there 
was incomplete recovery of vegetation 
and of soil productivity. Evans, in his 
discussion of the Danish fields of the 
“Celtic Iron Age,” mentioned that in 
many open-field systems, especially in 
regions of difficulty, plots changed 
hands periodically. This type of tenure 
in which land was periodically redis¬ 
tributed seemed to Glacken to be of 
great antiquity and to have existed in 
many i^arts of Eurasia. He first became 
acquainted with it in studying Ryu- 
kyuan history. In Okinawa, village lands 
were communally held by a village and 
were periodically redistributed. The 
system, which apparently existed in 
early China and Japan, was abolished 
by the Japanese around the turn of the 
century. At present it is found in the 
Near East, where it is known as mashd; 
here, pastoral lands are periodically re¬ 
distributed. A criticism made of both 
Kpes was that the system led to land 
d<'terioration because of neglect and 
V i/x lessness in its use toward the end 
(he allotment period. Periodic redis- 
tii Jtions also were characteristic of 
Russian village communities. An- 
land-tenure systems, of which this 
pe< lie reallotment is an illustration, 
ar( great importance in studying the 
uu‘ uiisms through which changes of 
th(‘ rth have occurred in the past. 

St ral speakers, among them Pfei¬ 
fer d WiTTFOGEL, directed attention 
toward the social and cultural circum- 
stance.s which had to develop before 


certain techniques of land use could be 
employed on a wide scale. 

In Central Europe the sociological 
structure of peasant society was of im¬ 
portance. State authority, directing set¬ 
tlement and political economy, devel¬ 
oped at the end of the fifteenth cen¬ 
tury. Forests were to be preserved. 
Emphasis in housebuilding shifted to 
bricks; hedges and walls replaced mov¬ 
able fences to shut off pastures. Peas¬ 
ant wars of the early sixteenth century 
had the effect of canceling out the for¬ 
est conservation acts of the government. 

Before the modem industrial period, 
between 60 and 70 per cent of all man¬ 
kind during the last three to four thou¬ 
sand years lived under conditions 
shaped by hydraulic civilizations. This 
cultural development, with its complex 
technological, economic, and govern¬ 
mental institutions, required large com¬ 
munities for its development. 

In the retreat from the imperial Ro¬ 
man social organization, the cities of 
Western Europe shrank, and the coun¬ 
trysides became more populous. Hei- 
ciiEi jiEiM suggested that there might be 
something of a law: that a subsistence 
economy populates the countryside, 
while market economies produce much 
more but empty the countryside. He 
posed the question: Was the retreat 
from urban centers of civilization to 
church monasteries, royal courts, aristo¬ 
cratic estates, and humble villages real¬ 
ly a catastrophe? There is a good deal 
of evidence that in Egypt, in the east¬ 
ern Mediterranean, and in the West the 
late Roman time was not a period of 
decline. For example, comparing the 
evidence of what the population of 
Helvetia knew of Roman order and civ¬ 
ilization under Roman rule with what 
was known in Alemannic time, the 
Swiss actually knew considerably more 
Latin literature in the later period than 
they had known under Roman rule. In 
the south of France the Greco-Roman 
survival was even more marked. Thus, 
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such a retreat, to something near a sub¬ 
sistence economy, does not necessarily 
destroy civilization. 

THE FIFTEENTlI~CEN'n JRY 
DEPOPULATION 

At the time white men came to the 
northeastern United States there were 
very extensive stretches of white pine, 
Egler explained. We know today that 
white pine is a one-generation type; it 
does not reproduce itself without dis¬ 
turbance, nor does it become a domi¬ 
nant type except after disturbance. It 
would seem that a disturbance oc¬ 
curred—or an otherwise different situ¬ 
ation prevailed—about a.d. 1400, ap¬ 
proximately two hundred years before 
white men arrived. Did an epidemic 
possibly wipe out a very large Indian 
population, and did pines enter into 
areas that formerly had bc'cri grass¬ 
lands? With great changes in Indian 
populations, there were enormous 
changes in vegetation. While men ar¬ 
rived at a very unstable moment. 

Archeology reveals that during the 
period from a.d. 1400 to 1500 tliere was 
a very marked change in Iroquois pop¬ 
ulation, or at least in Iroquois culture, 
Schaefer reported. About 1450 there 
was a gathering-together of small vil¬ 
lages into very large ones. Around 1500, 
these suddenly disappeared, to be fol¬ 
lowed by scattered, smaller villages. 

A further coincidence concerning the 
1450 period was pointed up by Curtis, 
in writing. Extensive pine forests 
around the upper Great Lakes and the 
pine forests that preceded hemlock for¬ 
ests in Pennsylvania both date back to 
1450. Though not the only possible ex¬ 
planation, this may be correlated with 
a temporary decrease in Indian pres¬ 
sure. 

Darby indicated that the great and 
fairly continuous expansive movement 
of the clearing of woodland did not 
continue uninterruptedly into modern 
times. Only recently has it been appre¬ 


ciated that a very great economic re¬ 
cession took place between a.d. 1300 
and 1500. Causes are obscure—perhaps 
plague, perhaps warfare, perhaps a 
crisis resulting from something else. 
But abandoned holdings and deserted 
villages are dated from this period. In 
England alone, thirteen hundred de¬ 
serted villages date from the period 
1400-1550, and the number is increas¬ 
ing with further discoveries. Over 
many of their clt^ared fields, the woods 
spread again. Jager has recently shown 
that many tracts of woodland in Ger¬ 
many came into being during the fif¬ 
teenth century and have remained as 
woodland ever since. 

Banks drew attention to the obvious 
coincidence between the period of a.d. 
1400 (mentioned by Egler, Darby, and 
others) and the Black Death, which 
was a world-wide pandemic in 1346. 
The death rate in Euroj^e was one in 
two or one in fc^ur. The plague spread 
slowly from Asia to Europe, but how 
would it have gotten to the New 
World? Malin pointed out that there 
was a Scandinavian connection with 
Nortli America to about the mid-four¬ 
teenth century. Then there was a break, 
and connection between Scandinavia 
and North America was not resumed 
until the 1480 s, before the time of 
C'olumbus. This gap in the record has 
luwcT been satisfactorily explained. 

Darby then made the point that in 
Europe the Black Death must have 
been, and certainly was, a considerable 
factor, yet it is quite clear that the re¬ 
cession was well under way before the 
Black Death. While the matter is con¬ 
troversial, to pin the recession entirely 
on the Black Death would be a mis 
take. 

Pfeifer agreed tliat the Black 
Death, while a known phenomenon, 
must not be held fully responsible. 
What about climatic change? Floehn 
has pointed out that in the mid-fifteentli 
century there was a definite change for 
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the worse in climate, which might have 
accounted for certain retreats in the 
less favorable uplands of central Ger¬ 
many. For this area an apparent cli¬ 
matic optimum in th(‘ thirteenth cen¬ 
tury coincided with the spread of colo¬ 
nization; the fifteenth century saw the 
retreat. Again this is too simple an ex¬ 
planation. 71ie abandonment of land 
l 3 egan much cailier—and in different 
sections. It was very early in the best 
areas of old settlement; there was a re¬ 
distribution of population and a con¬ 
solidation of smaller settlements into 
larger ones. Mortensen holds that the 
datum level for the modern develop¬ 
ment of the landscape is at just this 
point which marks the end of the medi¬ 
eval period. 

Heiciieliieim thought that behind 
the recession of about 1400 was an eco¬ 
nomic catastrophe in Islam, the leading 
economic center of the time, which led 
to an enormously high price for silver. 
The resultant upheaval in all medieval 
market economies was made good only 
by the discovery of America, 

THE QUALITY OF FEASANT LIVING 

With the thought that perhaps a 
clearer conception of how man’s social 
order is related to his environment and 
to his quality of life ought to be striven 
for. Chairman Spoehr turned to Tax 
for the session’s closing comments. 

Tax again posed the question: Is 
ouin conceived as a part of nature? 
M ai certainly is a different kind of ani- 
o i! in nature. He mediates his rela¬ 
te hip through a set of values which 
a» : bought of as basic to the culture, 
ai ,e has what some think of as free 
wi: jn other words, man knows what 
he iiits sometimes and goes out to 
get and in this respect he is different 
froii >ther animals. Man must not be 
thoiiu r of as something which is only 
being ; sed or is using. It is man and 
the h..:aan element that must be 
brought in when different kinds of cul¬ 


tures are characterized. The peasant 
way of life is to be contrasted, on the 
one side, with the way of life of the 
tribe and, on the other side, with the 
commercial way of life, whether in the 
city or elsewhere. 

The tribal way of life presumably 
was characteristic of that long, long 
Paleolithic period right into the Neo¬ 
lithic. A peasant way of life can be 
spoken of only in the Neolithic (food- 
producing, hydraulic civilizations, and 
all the rest), which, of course, is very 
recent. To speak of a commercial way 
of life or an urban way of life is to be 
concerned with only the most recent 
movement in world perspective. 

The way of life in the innumerable 
“savage” tribes, to use the old evolu¬ 
tionary terminology, is a kind of web 
of meaning in which man achieves a 
satisfactory relationship to the universe, 
including the ecology around him, and 
which for a long time can slowly 
change, but change only within a lim¬ 
ited area. By the end of the Paleolithic 
there were a great number of these 
tribes who achieved a level of culture 
where they could fairly well control the 
environment as they found it. They 
were confidently able to move into new 
environments, and culture change was 
very rapid before the period of the 
Neolithic. This was the period during 
which man explored and spread out 
over the world even more than before, 
for he rapidly invaded the New World 
in a relatively short space of time and 
adapted himself to the thousand dif¬ 
ferent physical-biological environments 
that were there. 

Tribal man, or whatever he is called, 
never is, or was, unchanging or un¬ 
changeable or conservative. The history 
of humanity would not be what it is if 
man had not adapted very quickly and 
adjusted to change wherever necessary. 

What happened next was that, in nu¬ 
merous places, for numerous reasons in 
different places, and for some common 
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reasons in all places, a group of small 
societies became one large society. 
This is what Childe called the “urban 
revolution,” from which are derived 
civilizations. This second stage was 
based on agriculture and the domesti¬ 
cation of animals wherever it occurr(‘d 
and on such things as irrigation. But 
then there exist side by side' what Red- 
field terms both a large tradition, basc^l 
on literature, held by an c'lite class, so 
to speak, and carried on by that class, 
and small peasant traditions. Always in 
this stage of human society there is the 
peasantry as well as towns and cities 
and commerce'. We have to tliink of a 
peasant way of life as part of a large 
way of life—a civilization—including 
some commerce and some division of 
labor. The tribal way of life continues 
in some, but not all, respects. 

71irec ways in which peasants seem 
to differ from tribes are: 

1. Landownenship and inheritance 
become very important. With property 
comes the whole notion of savings and 
investment and the notion of “a rainy 
day.” In other words, property—ani¬ 
mals, plants, barns, houses, land, land 
boundaries, and all the rest—becomes a 
terribly important concern for man, 
and, consequently, so does the next 
generation. 

2. Where there are domestic animals 
with full agriculture rather than simple 
tillage, time becomes terribly impor¬ 
tant, and a heavy sense of responsibility 
is felt. The animals have to be fed; 
man cannot leave them. He has to 
“make hay while the sun shines.” The 
whole notion of time makes man not 
only a slave to property—this is the 
true story of the Garden of Eden—but 
a slave to time as well. 

3. Individual motivation and compe¬ 
tition begin. There arises a conflict of 
values between the individuahs life- 
ambition and what he thinks of as sav¬ 
ing for his children and his grandchil¬ 


dren. The conflict between an in 
uaFs values and the values of son. tv 
as a whole arises, generally, only with¬ 
in the peasant state of life. In the tribal 
.slate of life as it is lived at the present 
lime among North American Indians, 
this conflict is not important. It is won 
hv the community or society; individual 
competition just does not have a pnnni- 
nc'iit place, and people are able to ad¬ 
just to one another. The great vahui is 
the characteristic harmony in the soci- 
('ty. Competition and individual initia¬ 
tive have to take second place to the no¬ 
tion of the harmonious whol^^* This is 
important, because the harmonious 
whole' in the tribal society relates to 
nature as well. And this value of har¬ 
mony is certainly not entirely lost by 
peasants. There is a h'eling of the har¬ 
mony of the uiiivc'rse and a proper 
relation with nature, with God, with 
one’s fellow-men, and with the whole 
web of human culture which is impor¬ 
tant in tribal life, which remains impor¬ 
tant in peasant life, but which un¬ 
doubtedly becomes lost in some degree 
with the development of commerce 
and of urbanization. 

Neither is evolution intwitable nor 
must all people procc'cd through the 
same stages. An important historical or 
archeological point to be made is that 
differences persist. Peoples do have dif¬ 
ferent ways of life on any level, and 
one of the ways in which they do tend 
to differ is in the basic value judgment 
of harmony versus competition. Did 
man ever universally give up the no¬ 
tion of the harmony of society as con¬ 
trasted with what he could get for him¬ 
self? Does it necessarily follow that 
man ever will in all places or that this 
will become widespread throughout 
the world? 

This becomes exceedingly important, 
because many people believe that, in 
order to get economic development in 
the underdeveloped areas of the world 
it is neetjssary to make people over into 
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the kind of people that Europe devel¬ 
oped at the time of the commercial and 
industrial revolutions. But, Tax asked, 
are there not many roads, not simply 
one, to development of better lives for 
diflFerent peoples in different cultures? 
Westerners take a very narrow view if 


they assume that their way of getting 
a better life is either transportable or 
should be transported to groups with 
very fundamentally different cultures 
and, with respect to many human 
values that are shared, better cultures 
than their own. 



Commercial Economies 

Forest Regions outside the Tropics 

Grasslands 

Arid Lands 

Humid Tropics 

Capital and Surplus 


Dr. Paul B. Sears, as Chairman, be¬ 
gan the session by putting on the 
blackboard the notation 

f=/(Q , 

with R representing resources, environ¬ 
ment, or land; P, human population; 
and C, culture. The sum total of re¬ 
sources and the population among 
which the resources have to be divided 
are a function of the pattern of culture. 

There is a definite connection be¬ 
tween the culture pattern and the re¬ 
sources which are considered useful. 
The flint ridges in northern Wyoming 
or in eastern Ohio which were tremen¬ 
dously important centers for the Indian 
are today negligible for us. The great 
deposits of coal, petroleum, and ore 
which lay under the surface near by 
meant nothing to the Indian but mean 
everything to our own way of life. 

The pressure of population on re¬ 
sources also is a function of culture. 
Some populations maintain themselves 
by cultural means in fairly stable equi¬ 
librium with available resources. On 
the other hand, American culture is in¬ 
clined to value continual expansion: 
some is good; more is better; more and 
more are both bigger and better. This 
is a cultural value which seems to be 
inherent in the system. 


In considering the interrelationships 
among resources, population, and cul¬ 
ture, we must remember that each is a 
complex of many factors. Much discus¬ 
sion of correlations or cause and effect 
seems beside the point because of the 
multiple impact of the great number of 
factors involved. The key factor may 
be conspicuous and overabundant or 
scarce and limiting. 

The distinctions among subsistence 
economies, commt^rcial economies, and 
technological civilizations seem flexible; 
we can expand or contract the distinc¬ 
tions in relation to others even at the 
present time. For example, during the 
depression of the 1930's many unem¬ 
ployed in the cities returned to simple 
hill farms such as those in the Ozarks. 
Such hill farmers made the quickest ad¬ 
justment to the economic depression; 
they shot a few more squirrels, picked 
a few more blackberries, and got along 
very well. Though some of their tools 
were of metal, they had essentially a 
Neolithic culture which v^as cushioned 
against the impact of what was re¬ 
garded as a great tragedy in most of 
the country. 

Something of this flexible arrange¬ 
ment is reflected in our patterns of land 
use. In an area put under commercial 
pressure to obtain maximum revenue, 
a definite sequence often occurs. The 
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three common types of land use in 
western Europe and eastern North 
America are forest, pasture, and crop¬ 
land. Under pressure of a commercial 
economy, the tendency is to plow up 
everything that possibly can be plowed, 
to pasture everything that cannot be 
plowed, and, if there is anything left, 
to leave it in forest or other wild vege¬ 
tation. The paradox is that to attempt 
maintenance of a permanent commer¬ 
cial economy destroys capital in the 
long run. Much of the conservation 
movement as it has evolved in the 
United States has been able to reverse 
this trend. 

An economy partly commercial and 
partly subsistence which, after several 
hundred years, is still operating on a 
very solid basis is that of the Amish of 
eastern Pennsylvania. Hilltops remain 
forested; the pastures on the hillsides 
are grass-covered and cross-fenced, so 
that one part may rest while another is 
grazed; and the plowland or cropland 
is confined to the rich valley-floor allu¬ 
vium. This prudent, permanent, suc¬ 
cessful pattern maintains the value of 
its capital in the midst of a commercial 
civilization. 

Discussion turned to the presentation 
of case histories of specific instances of 
man's relation to his environment in 
connection with commercial economies 
and the effects of that relationship. 

FOREST REGIONS OUTSmE 
THE TROPICS 

Sears began the discussion by citing 
si: a case history. The state of Ohio 

at - time of European invasion was 
95 r cent forested. Its Indian popula- 
tioi \as between twelve and fifteen 
tho ,nd; but, even if it had been 
twe V thousand, the average density 
woii^ have been but one-half person 
per . .'Niare mile. On a partly agricul¬ 
tural nbsistence economy, though 
there were some exchange goods 
brought in from the outside, suc^ as 


copper, obsidian, and shells, the peo¬ 
ple, as far as we can tell, were crowded 
at the end of the fifteenth century. The 
Indian population in North America at 
the time of European discovery was in 
a condition of very delicate balance; 
the effect of the first encroachment of 
Europeans on the Atlantic coast was 
like the snipping of the outer connect¬ 
ing strands on a spider web. Repercus¬ 
sions which were felt across the conti¬ 
nent brought on profound readjust¬ 
ments, so that true pre-Columbian con¬ 
ditions in the interior were never 
known to the whites except by infer¬ 
ence. Some years ago the loeations of 
Indian settlement were plotted on a 
map in correlation to the distribution 
of original vegetation. It was hoped 
that relationships could be found be¬ 
tween Indian settlement and vegetation 
types. Instead, the result was that set¬ 
tlements were grouped along the rivers, 
regardless of the type of forest, be¬ 
cause rivers were more important than 
vegetation differences. 

New England in the 1830's was from 
80 to 90 per cent in farms. Most of these 
clearings reverted to forest, for 60 per 
cent of modem New England is in for¬ 
ests, which produce less than 10 per 
cent of the rural income. The ancient 
fields now covered with forest were di¬ 
vided by stone walls. On the upper 
slopes the bases of these walls are ex¬ 
posed; at the bottoms of slopes these 
bases are buried under transported soil. 
Land abandonment was due not solely 
to the competition of cheap land to the 
west but was aided by a faulty relation 
of land use and management to the 
economic base—a faulty relation of cul¬ 
ture to resources. 

Thornthwaite was asked to speak 
of his experience at Seabrook Farms in 
disposing of waste water as an example 
of the cufference between forest land 
and cropland. Seabrook Farms is a 
huge commercial agricultural enter¬ 
prise devoted to raising vegetables and 
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to harvesting, processing, freezing, stor¬ 
ing, and distributing them. In prepar¬ 
ing the vegetables for freezing, a large 
amount of water is used for washing, 
fluming, and other operations. Polluted 
with dirt and organic matter, this 
water, for lack of dissolved oxygen, can¬ 
not be discharged into near-by creeks 
without destroying the fish. In attempt¬ 
ing to use the water for irrigation, it 
was discovered that the plowed land 
had a very low infiltration rate, for, 
after receiving an inch of water, the 
soil became soupy. Then a woodland 
was sprayed with the waste water, and 
't seemed that there was no limit to 
the amount that could be applied. In 
preliminary experiments, 5 inches an 
hour for ten hours were absorbed, 
whereas, only 600 feet away, forest- 
cleared, cultivated land of the same 
soil type could not take over an inch. 
As a result of this astonishing experi¬ 
ment, ten million gallons oiF waste 
water have been disposed of daily in 
this forest since 1950. This is equiva¬ 
lent to 600 inches of water a year for 
the last five years. And weeds and other 
vegetation flourish. 

In central southern New Jersey there 
is an empty area of some two million 
acres known as the “barrens” and con¬ 
sidered to be essentially useless, except 
as an area for storage of water supplies 
for peripheral cities and towns. Appar¬ 
ently it was once heavily forested, but, 
owing to a sandy soil incapable of hold¬ 
ing much water, it suffers tremendously 
from drought and in rain-deficient 
periods is very subject to fire. At pres¬ 
ent the area is covered with woody 
growth only a few feet in height, but, 
where fire has been kept out, trees are 
20 feet or more high. From the experi¬ 
ments at Seabrook, it seems clear that 
what is wrong with the “barrens is its 
lack of water. Water is there, only 10 
feet beneath the surface. Here is an 
opportunity for a reclamation project 


tliat would outstrip the cont* 
one on the Colorado River. 

Sears emphasized that the pniu : 
back of Thornthwaites remarks is that 
a great deal of agricultural practice 
tends to lessen the capacity of the soil 
to absorb water. A commercial enter¬ 
prise sometimes can be too smart for 
its own good; in the interest of increas¬ 
ing production, it can destroy an asset 
essential to its continuance. This prin¬ 
ciple is in the same category as urban¬ 
ization, which has the effect of water¬ 
proofing the land surface while at the 
same time raising the per capita con¬ 
sumption of water. As Thornthwaite 
summarized: Here is one powerful way 
man has modified the earth. By clear¬ 
ing the forests and cultivating the soil, 
he has reduced the infiltration capacity 
of the soil by a phenomenal amount. 

Smith asked Thornthwaite whether 
the New Jersey “banens” has a layer 
of hardpan under it, while Evans, in 
wrib'ng, asked whether there is hard- 
pan under the arable land which does 
not absorb water or if the lack of ab¬ 
sorption is due to change of soil struc¬ 
ture without leaching. Evans’ question 
bears closely on the problem of water¬ 
logging of early cultivated lands (for¬ 
est-cleared ) in northwestern Europe 
and the subsequent accumulation of 
peats. Thornthwaite replied that the 
area has no hardpan under it. In drill- 
ing ground-water observation wells 
throughout the “barrens” in Lebanon 
State Forest, no hardpan was found, 
only clean white sand: fine grains in¬ 
terspersed witli coarse, from the surface 
down to 70 or 80 feet. Hardpan some¬ 
times develops in areas where there is 
excessive water. At Seabrook Farms a 
battery of evapotranspirometers has 
been in operation for eight years. This 
is a series of identical tanks, about 7 
feet in diameter and 3 feet deep, filled 
with soil in which crops are raised; for 
the last five or six years the crop has 
been grass. It is possible to irrigate the 
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soil in the tanks by a pipe from beneath 
and to keep track of the amount of 
water used, so that the rate of evapo- 
transpiration can be determined by the 
amount of water applied and the 
amount used. This was the purpose of 
the installation. Four years ago the 
method of applying water to three of 
the tanks was modified. While three 
were irrigated from below, as before, 
three others were supplied by water 
from the surface by sprinkling. On 
these latter three, slightly more water 
was put on in the morning than would 
be evaporated and transpired during 
the day. There would be a slight 
amount of percolation through the soil; 
this was caught and the amount sub¬ 
tracted from that applied; this gave the 
amount of evapotranspiration. In early 
June, .1955, efforts were made to deter¬ 
mine the effect of the difference in 
watering on the permeability of the soil 
in the tanks to see how it compared 
with the soil permeability in the sur¬ 
rounding cultivated fields. On three 
tanks, water was poured on. Amazing¬ 
ly, the one that had been watered from 
above for four years took water at a 
rate more than fi\ e times as great as the 
irrigated tanks, which, themselves, took 
wafer at about twenty-five times the 
rate of the cultivated soil. 

That the “barrens” had porous soil 
tliat did not hold water and that the 
plants suffered from drought indicated 
Fiiomas that such conditions were 
n* ' true of the usual forest or grassland, 
hi ' '"r, such conditions are typical of 
th iaces for the best ground-water re- 
ch; such as the mouth of the Lost 
Rh in Idaho or some of the beach 
gra^ around Lake Bonneville. But 
thes reas that contribute to prolific 
and rennial ground-water reservoirs 
com] only a very small proportion 
of tin arth’s surface. 

Blum, mstock wondered whether if 
water wa re raised from beneath the 
“barrens’ for agricultural purposes 


there would be further underground in¬ 
vasion of salt water, which is now a 
problem at Atlantic City. Thomas re¬ 
plied that with modern pumps it is cer¬ 
tainly possible to bring on salt-water 
encroachment but that, being aware of 
the problem, it should be possible to 
maintain a balance and not overdraw 
by pumping to excess. 

Leopold thought the discussion was 
getting dangerously close to the con¬ 
clusion that the way to control floods 
was merely to allow wasteland to revert 
to forest under as ideal conditions as 
civilization would allow. There are two 
complicating factors in flood control. 
First, one of the most important prin¬ 
ciples to emerge from study of the 
effects of different kinds of vegetation 
on floods has been contributed by the 
United States Forest Service. At Cowee- 
ta Experiment Station it was demon¬ 
strated that floods in that part of the 
Appalachian Mountains were formed 
by water, none of which had been sur¬ 
face flow. Water that had infiltrated 
into the forest soil reappeared in the 
stream channel from underflow. This 
is just a warning that reforestation will 
not necessarily be a primary means of 
controlling floods. Second, in most soils 
there is a tendency for infiltration rates 
to be reduced with increased applica¬ 
tion of water. The rate decreases with 
time, even under natural vegetative 
conditions. Floods generally occur dur¬ 
ing times when flood-producing rain¬ 
falls immediately follow a period of 
moisture sufficient to reduce the infil¬ 
tration rate to a minimal value. That 
there have been floods throughout all 
time, long before the existence of civi¬ 
lization, must be recognized. 

Heichelheim asked whether libertar¬ 
ian administration of forests is especial¬ 
ly difiBcult. Is it a matter of chance, or 
do forests to be administered well re¬ 
quire organization collectively for the 
common interest. Even the otherwise 
most libertarian Hellenistic and Roman 



Discussion: Commercial Economies 


societies tended to be administered as 
large collective units in accord with a 
unified plan. Athens tried to administer 
collectively the forests of Macedonia 
for naval and peacetime needs. The 
Ptolemies established a monopoly for 
all forests in their territories. For Rome, 
forests at first were public property, 
then later were taken care of by large 
latifundia, and, finally, there were great 
imperial forest estates throughout the 
Empire. In the medieval period, forests 
were very often exclusively in the 
hands of the king. 

The classic sequence of what hap¬ 
pens to forest when commercial activi¬ 
ties are introduced is that the land is 
cleared, leaving the forest only in a few 
relict areas, and that the forest does not 
return to the land unless something 
disastrous happens to the economy. 
Klimm brought out that field study 
and aerial photo interpretation had re¬ 
vealed the opposite for the northeastern 
United States. With increasing com¬ 
mercial intensification of agriculture 
and competition with the western 
states, the tendency has been for crop 
acreage to shrink. Crops arc produced 
only on the best land. There has been a 
shrinking downhill of the cropland, 
with increased abandonment of hill 
farms and an increase of forest. Com¬ 
petition has restricted agriculture to the 
better lands, the poorer lands have 
gone out of production, and the forests 
have come downhill. Every state in the 
Northeast, except Delaware, has had 
an increase in forest area and, corre¬ 
spondingly, a decrease in cropland. 
But the cropland, however, has in¬ 
creased in per acre yield. Most of the 
abandoned land was originally owned 
in farms. As it gets to the debit side of 
the tax rolls, the states buy it up for 
protected hunting land. One might 
argue that commercialization of agri¬ 
culture is the way to bring about con¬ 
servation of the landscape. 


grasslands 

Regardless of whether fire was 
started by man or by lightning, its pre¬ 
vention was of some consequence to 
the commercial range-cattle industry, 
Malin remarked. In the early twentietli 
century, after pastures were fenced, 
conservation of grassland became even 
more important, because cattle owners 
could not move from place to place but 
had to depend upon what lay within 
their fenced land. Another point to be 
kept in mind when discussing the Great 
Plains \/as that dust storms have al¬ 
ways been a regular part (jf the phe¬ 
nomena of the area. Archeologists have 
supplied evidence for repeated occu¬ 
pations of the same prehistoric site— 
the levels of successive occupation be¬ 
ing separated by dust or other wind¬ 
blown material. Dust storms were pres¬ 
ent before commercial livestock ranged 
the prairies; they arose when winds 
blew over the plains after denudation 
of vegetation, whatever the cause. In 
an article in Scientific Monthly, early 
in 1953, Malin raised questions on the 
significance of dust storms not only to 
the areas from which dust was blown 
but also to the areas on which it fell. 
He pleaded for soil scienHsts to publish 
their views on whether the chernozem 
soils of the grasslands are maintained, 
at present, by dust-fall. And what effect 
would stoppage of dust storms have on 
all the eastern areas that regularly re¬ 
ceive falling dust. 

Sears remarked that there are three 
sources of dust: the wide river valleys, 
perennially full of fine material; dried 
lake beds, full of fine silt; and the 
plowed fields. Resource men not only 
do not deny the importance of wind- 
transported source material for soil but 
recognize it as a very important factor. 
Jones, in writing, thought Malin ’s use 
of accounts in local newspapers as evi¬ 
dence for dust storms to be a good idea 
if the accounts were evaluated with 
care. The evidence, however, is likely 
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to be qualitative rather than quantita¬ 
tive. For instance, we would learn of 
dust storms in the Great Plains prior to 
agriculture but not of how they com¬ 
pared, in quantity of soil removal, with 
the dust storms of the 1930’s, for it 
would not be reported what land types 
(dry lakes or potentially arable land) 
were being eroded. 

We attach a value to grassland, Al¬ 
brecht pointed out, because the vege¬ 
tation cover is a forage for livestock. 
But this necessitates a soil that makes 
a forage worth a cow’s time to eat. 
Much of our food has come out of the 
grasslands by a type of extensive agri¬ 
culture that is more speculation than 
production, because we depend upon 
the cow to supply something capable of 
being fattened. The pressure for beef 
supply from the grasslands is very 
rapidly depleting the potential for pro¬ 
tein. Where the plow went ahead of 
the cow, we have been able to measure 
the reduction in soil capabilities. The 
protein content of the wheat now 
grown on the eastern edge of the grass¬ 
land area has been dropping decidedly. 
Whe're once it ranged from 19 to 11 per 
cent, it is now 14-9 per cent. 

Graham pointed out that the wheat 
yield in the Nile Delta is something like 
30 bushels per acre, while the wheat 
yield in the United States under com¬ 
mercialized farming is only 17 bushels 
per acre. Commercial agriculture forces 
us to utilize a great deal of land which 
probably never should have been uti¬ 
lized for agricultural production and, as 
a result, forces an exploitation of our 
soil resources. Klimm replied that econ- 
oinisls and other social scientists for a 
long time have been critical of compari¬ 
son of yields per acre as an index of the 
valu: or efficiency of agriculture. For 
the c iparison depends on what is pro¬ 
duced , ,nd what is conserved. Peasant 
agriculture in Egypt does manage to 
produce more bushels to the acre, but 
many more people are engaged in pro¬ 


duction per unit area than in the 
United States. Are we interested in pro¬ 
ducing the most per acre or the most 
per man? If land "should not” have 
been plowed, what is it that so deter¬ 
mines? That it will blow away or wash 
away? Is this a value superior to the 
backbreaking labor of peasant agricul¬ 
ture that produces so much more from 
so little land on very small per capita 
yields? The meeting of these two con¬ 
cepts is perhaps one of the better things 
that can arise from this symposium. 

Stewart drew attention to an exam¬ 
ple of a complete change from grass¬ 
land to virtual forest land by commer¬ 
cial overgrazing. In Texas millions of 
acres of prairie have been converted 
into mesquite jungle, a process acceler¬ 
ated by the cessation of burning. Un¬ 
der conditions of wild-game grazing and 
in the early years of open-range graz¬ 
ing, these Texas prairies were burned 
by Indians and later by the stockmen. 
But they were overgrazed, especially 
after fencing, so that not sufficient fuel 
remained to carry fire and burn off the 
mesquite seedlings that soon spread 
over the ground. Ancient prairie flora 
is still preserved in experimental plots 
along railroad rights of way that were 
fenced but also burned. 

Clark could not feel that those bits 
of prairie have the same ecological 
situation as in the days prior to the 
coming of the railroad or of commer¬ 
cial economy. In a discussion of "Retro¬ 
spect” the contrast of precommercial 
and postcommercial economy has been 
missed. In writing, he asked whether 
we were not talking about processes of 
change before we have had any serious 
discussion of the kind and dimensions 
of change which have taken place? He 
could not speak about very extensive 
areas, but, with regard to the New 
World unplowed grasslands, he hoped 
his chapter had raised some doubts as 
to fairly widespread assumptions about 
change. This did not involve very much 
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of the earth s surface or very many 
people; the point is that it is hopeless 
to talk about processes of change any¬ 
where at any time unless the change 
itself can be established, at least as to 
probability, in its general outlines. The 
changes of nature involved in the estab¬ 
lishment of hydraulic civilizations are 
in certain respects clear; in many others 
they deserve much more searching 
analysis if we are to know what the 
establishment of a great irrigation net¬ 
work really has meant in this or that 
place or time. Again, we recurrently 
lose our focus on man’s role in chang¬ 
ing the face of the earth if we talk too 
closely to the point of what commer¬ 
cial economies have done to primitive 
cultures and unless we compare more 
closely than we have the contrast of tlie 
two in changing vegetation and soils. 
But this, too, involves at least a reason¬ 
able guess at a ‘‘before and after” pic¬ 
ture. We are concerned always with a 
changing and not a static picture, or, 
to express it perhaps more precisely, we 
are concerned with comparative rates 
of change. But we must, surely, first be 
reasonably definite as to what we are 
talking about. 

ABID LANDS 

In evaluating the historical impor¬ 
tance of commerce irt promoting and 
upsetting institutions and ways of life, 
WiTTFOGEL desired to place on record 
some facts in connection with hydraulic 
societies operating in arid and semi- 
arid lands. The primitive and supposed¬ 
ly harmonious relation between man 
and nature had been disturbed long be¬ 
fore professionalized trade became a 
major feature of civilization. A system 
of class distinctions, with one group 
controlling the mass of the population, 
existed long before the development of 
a merchant class. The records of phara¬ 
onic Egypt indicate no development of 
an important group of professional mer¬ 
chants before the beginning of the New 


Kingdom. Scholars, sucli a> 
and Kees, have shown that tra: 
ditions were carried on by the ^ . 
ments of the Old and Middle ; 
doms, but professional merchauV 
played no role. Means and others claii. 
that in the Inca Empire there were no 
professional merchants. The empire was 
operated essentially on a non-commer¬ 
cial basis. But it certainly was no class¬ 
less society. A similar situation pre¬ 
vailed in China up to the middle of the 
Chou dynasty. There was a strong de¬ 
velopment of a ruling bureaucratic- 
military elite and a peasantry, but there 
were virtually no merchants. In all 
simpler Oriental (“hydraulic”) civiliza¬ 
tions, societal stratification occurred un¬ 
der conditions having nothing to do 
with commercial economies. 

At the end of the first millennium 
B.C., the Chinese system of village agri¬ 
culture was destroyed; the peasants 
who had lived in regulated village com¬ 
munities became owners of land. A con¬ 
temporary statement noted, in effect, 
that, whereas on the public fields the 
peasants showed no zeal, on their pri¬ 
vate land they worked “their heads off.” 
China, by spreading private property, 
introduced more competition among 
peasants than did most other great hy¬ 
draulic civilizations. For two thousand 
years China maintained a very intensive 
peasant agriculture, based on private 
landownership and tenancy. Until the 
end of the Chiang Kai-shek regime, 
peasants cultivated their land intensive¬ 
ly, Yet today the government has to ex¬ 
hort the peasants to till their fields with 
care. Today the Chinese Communist 
newspapers Jen Min Jih Pao and Ta 
Kung Pao implore the peasants not to 
sell or slaughter their work animals, be¬ 
cause they will be needed later. Today 
the peasant lands are being pooled (col¬ 
lectivized) throughout China. This is a 
development similar to the tragic expe¬ 
rience in Russia in 1929 and 1930, when 
the peasants killed their work animals 
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for food rather than pool them in col¬ 
lectives. Generally speaking, private 
ownership of land has been a great 
stimulus for the peasant economy. 

Huzayyin brought in the significance 
of geographical situation for an area. 
The arid zone of northern Africa and 
southwestern Asia lies between the 
tropics and subtropics and the Mediter¬ 
ranean, where the seas do not meet. In 
this land interruption to the seas, man 
had the camel as a beast of burden 
suitable for caravan travel. A middle 
area developed for exchange of prod¬ 
ucts between different zones. The spirit 
of an intermediary or middle man is re¬ 
flected in the cultural thought and 
mental and spiritual attitudes of the 
people. Trading is almost a sacred pro¬ 
fession. Commercial economies, how¬ 
ever, are not necessarily based upon 
the production of surplus. The Arabs, 
for example, had no surplus except in a 
few oases, and their commercial activ¬ 
ity was based not upon local subsist¬ 
ence economies but on surpluses from 
other regions. 

There is at present an increasing 
pressure to make more intensive use 
of the arid lands of the world. Sears 
remarked. B\it in practically all places, 
over millenniums, or at least for cen¬ 
turies, there have been going econo¬ 
mies which would be jeopardized by 
further use. Engineers who have 
worked in the Near East report that, 
in trying to locate irrigation works, they 
can do no better than to relocate old 
s\ v' .'ms in use during prehistoric times. 
El ^rical experience over long periods 
has een very effective in the Old 
Wo I Any increased pressure on such 
arid nd regions is fraught with cer¬ 
tain nger. 

At f.cht added the point that arid- 
land onomies are based upon the 
buyim^ and selling of water. Crop 
plants .ne grown more by a kind of 
hydroponic procedure, wiA water be- 
ing poured onto lithic deposits, rather 


than in true soils, because arid soils 
have not been able to break down into 
the fine clay particles required for their 
absorption and exchange of nutrients to 
plant roots. 

Having been in the Middle East just 
prior to coming to the symposium, 
Banks called attention to Iraq as an 
arid land to watch for future develop¬ 
ment under a commercial economy. In 
that country there are now five million 
people when once there were thirty 
million. It has the rivers and the an¬ 
cient irrigation system but, in addition, 
now has an income of £,70,000,000 
from oil. 

IIUMm TROPICS 

Bartlett, characterizing himself as 
a ‘‘Neolithic” man, spoke of his experi¬ 
ences many years ago in the east coast 
of Sumatra, where he was concerned 
with establishing vast rubber planta¬ 
tions for the United States Rubber 
Company and became appalled at the 
contrast between the manner of Euro¬ 
pean life on the plantations and that 
of the natives in the adjoining jungle 
and grassland. Going south from Medan 
through the great cultivated belt, one 
passes first through the Deli tobacco 
country. Then comes a much more ster¬ 
ile region covered with great fields of 
lalang, a tropical grass of very little 
usefulness to man except for the graz¬ 
ing of cattle or water buffalo on its very 
young shoots that appear after annual 
burning. Finally, one enters the coun¬ 
try planted to rubber. In 1917, when 
Bartlett arrived, only one tiny patch of 
primary forest remained. All the rest 
of the great expanse of rain forest had 
been cut and burned, for it was easier 
to convert forest into rubber culture 
than to subdue the relatively useless 
grassland. 

An almost Neolithic culture existed 
alongside of the most highly developed 
commercial agricultural enterprise in 
the East Indies. The two reacted upon 
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one another in a most interesting way. 

There is nothing more admirable, 
theoretically, for the utilization of 
tropical lands than the growing of rub¬ 
ber trees. Nothing is actually removed 
from the land except carbon, hydrogen, 
and oxygen, derived ultimately from air 
and water. There is no loss of combined 
nitrogen or fertilizer salts. The planta¬ 
tions had a population of twenty-five 
thousand, including laborers’ families. 
The trees were all planted in beautiful 
rows on land cultivated absolutely 
clean by an army of workers who went 
forth each morning and, after the rub¬ 
ber had been tapped, scraped off every 
vestige of a weed. 

At the edge of the plantation stood 
an abrupt wall of the old secondary 
forest in which the Pardembanan Ba- 
tak lived. The agriculture of these peo¬ 
ple consisted of cutting down succes¬ 
sive, small areas of forest, waiting un¬ 
til the debris had dried sufficiently to 
burn, and then burning as completely 
as possible. However, to plant at the 
right time, the large logs not yet en¬ 
tirely dry would be left helter-skelter, 
only the areas between being complete¬ 
ly burned. The ash that coated the land 
represented a tremendously valuable 
asset, for it contained all of the useful 
soluble fertilizer salts that the trees had 
brought up from beneath the ground. 
Although the first season’s cultivation 
did not completely exhaust this re¬ 
source, it nearly did so. The burning 
which followed a season or two later 
consumed what remained of the fallen 
logs. Planting in these fields was based 
upon long experience; it had been 
learned which crops were shade-toler¬ 
ant and which were not. In addition to 
upland rice, a mixture of crops was 
grown, so that a field was covered with 
diflFerent crops having a wide range of 
utility. Seemingly abandoned after two 
or three years to secondary growth, the 
former clearings still contained fruit 


trees and sugar palms. This in 
living was exceedingly impoita; v uj 
those who practiced it. 

The local forest dwellers refused to 
work for the plantations, for they did 
not want their way of life destroyed; 
instead, laborers had to be obtained 
from Java, a region of surplus popula¬ 
tion. 

Smith emphasized how plantation 
agriculture, by bringing in mid-latitude 
techniques of the plow, fallow, and 
clean cultivation, had contributed to 
soil erosion in the tropics. Most of 
presemt tropical plantation agriculture 
is in trees: coconuts, oil palm, rubber, 
tea, coflFee, etc. Fertility is found not 
on the heavily leached lowlands but on 
the hillsides. It is on the hillslopes that 
the tropical farmer seeks a place to 
plant if he can. Can there be developed 
a hill tropical agriculture which will 
preserve the forest? We should be able 
to apply to the tropic hillside the idea 
of unplowed orchards as developed 
over the last thirty years by apple- 
g -owers in the eastern United States. 
The grass cover is mowed, the soil is 
fertilized, and the grass mat keeps the 
soil in place while the trees produce 
the crop. Smith called for the creation 
of tropical experiment stations to pool 
information with existing research sta¬ 
tions and to work out a tropical agri¬ 
culture that would keep the forest 
cover on the valley floor and develop 
hill crops above it. 

While Smith had just advocated trop¬ 
ical hillside tree crops, Glacken re¬ 
called that Gourou’s chapter urged 
commercial agriculture of wet-land 
crops in swampy valley bottoms. A fur¬ 
ther comment originated from the 
thesis of Richards (The Tropical Rain 
Forest, 1954) that the tropical rain for¬ 
est is a great gene reservoir for future 
lant evolution throughout the world 
ut that it might very well be eradi¬ 
cated by commercial agriculture during 
the next century. 
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CAPITAL AND SURPLUS 

Boulding could not help feeling that 
the study of ecology did not fit one to 
speak about commercial economies. 
The significance of the rise of world¬ 
wide trade is that it makes man into a 
single organism, and hence the conclu¬ 
sions derived from study of small parts 
of man’s habitat arc not wholly rele¬ 
vant. He had the feeling that ecologists 
want us to go back to the Neolithic, 
but he was not going, for it was a very 
uncomfortable and disagreeable time to 
have lived. Why assume that soil 
should not be mined? We mine coal; 
then why not mine soil under certain 
circumstances, in certain places, at cer¬ 
tain times? Jf it is assumed, implicitly, 
that nothing should be exported from 
any piece of land, does that mean 
every piece of land has a natural, moral 
right to be what it was, if it ever was? 
But we are going to mine certain soils; 
we are going to turn certain areas into 
deserts; we are going to have shifting 
po 2 ^ulations. Because commercial econ¬ 
omy makes man a single unity rather 
than a multitude of disparate self-sup¬ 
porting population groups, we can af¬ 
ford to do this. Is the population of 
Greece today larger or smaller than it 
was at the time of the flowering of clas¬ 
sical civilization? Considerably larger— 
in spite of all the awful things man has 
d(R)e to the earth. He has been able to 
multiply practically everywhere over 
du' last two thousand years because of 
a ' uumercial economy. If man had not 
ii> : cl the soil and cut down the for¬ 
es! he would still be in the Neolithic. 

Th not to deny the existence of real 
con yation problems. 

G )STON asked to play the tail to 
this met. He mentioned that in epi- 
deiii! : >try there is a category known as 
civil t inns socialcs, which includes 
the insM rable epidemic diseases known 
as tubt r- ulosis, scarlet fever, diphtheria, 
cholera, typhoid, and sclerosis, which 


were in part produced by the concen¬ 
tration of man in tlie cities made pos¬ 
sible by commercial agriculture. Whose 
ecology is being discussed? If man's, 
then thc'se factors are to be included. 

The thought expressed by Darling, 
tiiat man gains his leisure and builds up 
his civilization by 'breaking into the 
stored wealth of the . . . natural ecolog¬ 
ical climaxes,” was considered rather 
pessimistic by Glikson, in writing. 
Though greatly true for our time, he 
asked whether this is the only way for 
man to dewedoj*) higher activities. Are 
not biological as well as socioeconomic 
processes of production and reproduc¬ 
tion ruled by a natural princijflc of sur¬ 
plus jiroduction which makes possible 
a peaceful development of higher activ¬ 
ities and living conditions? Animal life 
in nature subsists on a siiiplus growth 
of vegetation apparently not needed for 
the survival and annual renewal of 
plants. Moreover, it is essential for the 
very existence of vegetation that its 
surpluses be consumed by other spe¬ 
cies. The same relation of mutual de¬ 
pendence exists with respect to the sur¬ 
plus in animal life on which j^redatory 
animals and man partly subsist. Some¬ 
what similarly, economic and social or¬ 
ganization and division of labor are 
possible when a well-balanced family 
farm can produce a quantity of food¬ 
stuffs sufficient to nourish an additional 
number of non-farm families. Such a 
sur[)lus production, based upon the bio¬ 
logic capabilities of the land, represents 
a sufficiently reliable basis for the de¬ 
velopment of civilization. Industrial 
development has been possible by the 
forceful concentration, by combined 
technological and political means, of 
large surpluses of food and raw mate¬ 
rials into specialized regions. If such 
concentrations of surpluses create scar¬ 
city and deterioration in the areas of 
their production, they are neither true 
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surpluses nor reliable bases for civiliza¬ 
tion. Surpluses are dynamic factors 
which initiate natural and social de¬ 
velopment. But man has often been 
misled to believe that there are no lim¬ 
its to nature’s capability to produce a 
surplus. Only when he transgresses 
these limits does man begin to break 
into the “stored wealth” of the earth. 

Heichelheim added to Sears’s nota¬ 
tion with which the Chairman began 
this discussion session by stating that 
capital is the most important factor in 


commercial societies—even moi • 
tant than resources or popiilab 
In conclusion, Sears express^ 
thought that mankind’s relation 
vironrnent can be analyzed in terms ol 
accounting if so desired. The mae 
problem is not to confuse two items ve 
the accounting budget: (1) inconu^ 
and (2) depreciation. What is done to 
maintain the value of the capital struc¬ 
ture is good; what is done that destroys 
it is bad. And that, it seems, is all we 
Viavc been trying to say. 



Indiistricil Revolution and Urban Dominance 

The Rise of Cities 

InfltLence of the City on Exploitation of the Eanh 

Is the Industrial World Community a Permanent Civilization? 

Why Change? 

Differences in Approach to Man and Environment 


Dr. Kknnkth Bouldinc, as session 
Chairman, spent the first several min¬ 
utes in developing an agenda for dis¬ 
cussion. Additional topics suggested 
from the floor were added to an outline* 
previously distributed by the Chair¬ 
man. The final roster of topics was as 
follows: 

1. What is the relative importance, in ex¬ 
plaining the rise of cities, of the follow¬ 
ing? 

a) Agricultural techniques; fisheries 
h) Transportation techniques 

c) Industrial techniques (capital, trade, 
resources such as fossil fuels) 

d) Political techniques 

e) Demand for gregariousness; socia¬ 
bility; vanity and gossip; playfulness 

/) Ownership 
g) Cultural facilities 
fi) Religion 

i) Protection ( defense) 

2. What part is played in cultural dynamics 
by the contrast between urban and rural 
cultures, and what is the significance of 
this contrast in modern .society? 

uuDiNG suggested that the most 
inij tant and inevitable consequence 
of i present urban revolution is the 
disii ^earance of differentiation be- 
twcT urban and rural life in the 
Unii ‘ States outside the South. 

THE RISE OF CITIES 

Andi RsoN suggested that many peo¬ 
ple like cities because people like to 


get together. Man is an animal, and 
animals come together. Early man, 
when he could not afford to get to¬ 
gether permanently, did so for tempo¬ 
rary periods. 

The biological basis for this togetlier- 
ness is reproduction. The very sexual 
conjugation is a getting-togetherness. 
As Darling pointed out, there could be 
no continuance in a bisexual species 
without a coming-together. It is a social 
need of the species. Cities come to be 
by allowing people to rest together in 
numbers which, in early hunting and 
food-gathering systems, they could not 
do in an environment of relatively poor 
yields. For example, the Indian settle¬ 
ment of Council Bluffs on the Missouri 
River was based upon this intense so¬ 
cial desire to get together, although 
technologically the settlement was un¬ 
able to maintain itself permanently. 
Even today the Eskimos get together in 
summer, which is not their busy hunt¬ 
ing period, but their environment and 
technological developiliimt do not allow 
the social amenities to achieve perma¬ 
nence. 

Stewart added that non-agricultural 
peoples gather together whenever the 
opportunity arises. Even the Austra¬ 
lians or the natives of Lower California, 
when the food supply was sufficient, 
congregated to eat the surplus food and 
then dispersed again. The Kwakiutl of 
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the Northwest Coast, merely by having 
enough salmon, were able to live to¬ 
gether in towns. 

Heichelheim thought that the urge 
in man to congregate is not so much 
for reproduction as simply for the sake 
of congregating, which is a distinct 
characteristic of man. Mum ford, on 
the other hand, characterized the city 
as primarily a protected human breed¬ 
ing place. The element of protection 
brings together a larger number of 
people within a small area and in¬ 
creases the opportunity for people 
from quite different biological stocks 
to intermingle and to produce more 
combinations than would be possible 
in a more widespread community. 

But Knight pointed out that the city 
is antibiological. He asked: How and 
in what stages of human history do 
cities universally fail to maintain them¬ 
selves without recruitment from out¬ 
side? Brown wondered whether the 
failure to maintain itself is a phenom¬ 
enon of the city or of the economy with 
which it is associated. In India, for 
example, age-specific birth rates of Cal¬ 
cutta and Bombay are equal to those 
of the smallest villages. 

Bates cautioned that getting-togeth- 
erness underlies the whole phenomenon 
of human society; the discussion should 
strive to emerge from that into the 
particulars. Evans, in writing, warned 
that it should not be forgotten that soci¬ 
ety is older than man, is inherited from 
prehuman ancestors, and is not a hu¬ 
man invention. Steinbach, in writing, 
considered the discussion of gregarious¬ 
ness on a biological basis to have con¬ 
fused two issues: (1) the basic tend¬ 
ency to aggregation, which is revers¬ 
ible, accounts for initial formation of 
groups and is a biological factor; anti 
(2), once aggregation takes place in 
organisms or communities, the setting- 
in of differentiation, which is irrevers¬ 
ible, applies to communities following 
the formation of groups and is a cul¬ 
tural factor. 


Huzayyfn preferred to 
space relations rather than f i on, 
activity to explain the rise of ci(;; 
social need of man to come tog 
may be perfectly true, but what oi r 
natural forces which compel man o 
agglomerate? About 7500 b.c. then 
came a phase of aridity in the Middle 
East that forced man and animal to 
come together in small, limited water¬ 
ing areas. About 5500 b.c. more rainfall, 
a phase of relaxation, allowed space re¬ 
lationships to be established among 
these areas of concentration. 

It seemed to Mayer that biological 
factors account for the village but not 
for the city and that a distinction be¬ 
tween the city and the village was nec¬ 
essary. Brown agreed and pointed out 
that plotting a frequency-distribution 
curve of sizes of living units gave a 
continuum, whether for India or for the 
United States. 

Gutkind did not feel that size meant 
anything. The big village towns of 
Hungary, which are miles apart and 
contain up to thirty thousand people, 
are not cities, because everyone in 
them, save a few artisans, is engaged in 
agriculture. He suggested the real dis¬ 
tinction between city and country to be 
based on function. Another distinction 
is that in villages a person may have a 
close group of many relatives, while in 
a city he is freer to form elective afiBni- 
ties, which has led to an atomization of 
society. 

Among those who could not accept 
the distinction between town and vil¬ 
lage based upon function was Huzay- 
YiN, As far back as we can go in Egypt 
and the Middle East, where villages 
and cities began, the two can never be 
distinguished in their functions. Vil¬ 
lages are not always agricultural; some 
are based on industry, others on trade. 
Rather the criterion is space relations 
—the village limited to the surround¬ 
ing subsistence area, the town having 
a wider hinterland and wider space re¬ 
lationships. Gutkind replied that the 
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very large village towns of Hungary 
have enormous areas around them, yet 
they remain villages, because everyone 
is engaged in agriculture. Ho could not 
see any possible distinction between 
town and village other than the func- 
tional activities of men living in either 
place. 

Gltkson found that the size of vil¬ 
lages is ordinarily limited by the dis¬ 
tance from the house of the farmer to 
the land on which he has to work. 
There is a certain rnaximiiin limit to 
this distance and a certain minimum 
size for the area of land on which the 
villager has to do his work. Exceptions 
to this occur, such as in Bavaria, Italy, 
and Hungarv, for reasons of security; 
villagers concentrate in rural towns, but 
even today they suffer the handicap of 
the distance which must be traveled 
from home to fields. 

'Fhe me'aning of the terms “city'* and 
“town” has fundamentally changed, 
WissMANN added, in writing. Until the 
niiK'teenlh century and in some parts 
of the world to a later time, a town in 
most countries was a fortified settle¬ 
ment, generally founded by the govern¬ 
ment and having governmental func¬ 
tions. This was especially true in China, 
in ancient and medieval Europe, and in 
the Near and Middle East. In all these 
regions the development of cities was 
different, but fortification, except per¬ 
haps in Egypt, and government cen¬ 
tralization were present. 

d1ie classic area for the study of the 
ii! Instrial revolution is nineteenth-cen- 
ti Britain; but, despite a great deal 
of )rk on many aspects of the move- 
mc' little has been done to show how 
citi came into being. Darby asked: 
Wh ; really happened when Manches¬ 
ter w or Birmingham came about? 
Wh; vere the mechanics of the move¬ 
ment nt produced these “million” cit¬ 
ies by ;)ic end of the nineteenth cen¬ 
tury? h ised upon cemsus information 
that from about 1841 included data on 


birthplaces, Arthur Bedford, in a pio- 
neer study published in 1926, showed 
that the movement to any growing cen¬ 
ter was essentially short term. People 
came into Manchester from the sur¬ 
rounding countryside, which, in turn, 
was replenished from the more remote 
countryside; that, in turn, was replen¬ 
ished from adjacent regions until the 
coast was reached. This was true of 
e\ery growing cemter; the whole island 
w^as one mobile mass of population, 
l^ater in the century a long-term niove- 
mtmt obviously became more impor¬ 
tant, but exactly how, when, and which 
areas were most closely affected are not 
known, because material about birth¬ 
places has not been worked out. If we 
kntwv the how, perhaps we would be 
better equipped to answer the why. 

It was siiggested by Landsberg, in 
writing, that some valuable information 
could be gathered by studying the re¬ 
building of cities after catastrophes in 
a scientific, objective manner. There 
are many of these in all lands and all 
ages. A few come directly to mind from 
leeent history: Chicago after the fire 
(1871); San Francisco after the earth- 
cpiake and fire (1906); Messina after 
an earthquake (1908); the destruction 
wrought by Mount Pelee on Martinique 
(1902); the destruction of Tokyo and 
Yokohama by earthquake (1923), with 
a repeat performance for the former 
city by fire bombs (1945); the destruc¬ 
tion of World Wars I and II, in partic¬ 
ular during the last war in such differ¬ 
ent habitats as Coventry, Plymouth, 
T^ondon, Berlin, Hamburg, Frankfurt, 
Warsaw, Hiroshima, Nagasaki, Agana, 
Manila, etc. 

What patterns did reconstruction 
take? Why did people go back to the 
old places? What improvements were 
made? Did the people make “choices”? 
Were there notable differences in dif¬ 
ferent nations? How do reconstruction 
practices differ with time? How does 
the further development of recon- 
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structed cities compare with untouched 
towns in the same area? Answers to 
these and similar cpiestions seem to 
contain ‘‘ecological" information com¬ 
parable in value to that obtained for 
plants after prairic' and forest fives. 

Jones, in writing, referred to Bonl- 
ding’s list of factors of importance to 
explain the rise of cities and pointed 
out that we must differentiate among 
(1) the requirements for a city; (2) 
the functions of citic'S; and (3) the de¬ 
velopmental history of specific cities or 
of cities in specific societies. Among the 
requirements for a city are m(.‘aiis of 
subsistence, transportation, grivernment 
(for reasonable internal order and pro¬ 
tection), and site. The functions of cit¬ 
ies are many, and the hierarchy is dif¬ 
ferent in different cities. Washington, 
D.C., is governmental l)iit has recrea¬ 
tional functions. Atlantic City is recrea¬ 
tional but, of course, has its govern¬ 
ment. And, as Darby properly stressed, 
there is need for developmental histo¬ 
ries of cities, since the present city may 
be structurally and functionally differ¬ 
ent from what it was in earlier periods. 

Bouldinc proposed that cities are the 
products of agriculture and exploita¬ 
tion. That is, without agriculture there 
is no surplus to feed the cities, and 
without exploitation there is no way of 
gathering the surplus together. 

It seemed to Thompson that there 
was a very marked change in the agri¬ 
culture of Europe during the seven¬ 
teenth century. The industrial revolu¬ 
tion was preceded and accompanied by 
an agricultural revolution. This latter 
was not so obvious; it did not attract 
attention. The improvement in tech¬ 
niques effectively increased the produc¬ 
tivity per hour of labor bestowed on a 
particular type of work. When the in¬ 
dustrial revolution began, probably not 
more than 20 per cent of the people of 
any country lived in what would be 
called “cities," as characterized by dif¬ 
ferentiations in occupations of their in- 


hdbitants. With the growing (i, 
in agriculture (introductions oi 71 . a 
crops and improvements in aniinii't 
breeding), the proportion of people 
who could be spared to live in commu 
uities and carry on non-agricultural oc¬ 
cupations slowly increased. As the in¬ 
dustrial revolution grew in its use of 
power and as more labor was needed, 
people moved fre^m the country to the 
city. The modern growth of cities 
has been based fundamentally upon 
changers in agriculture. These changes 
have taken place gradually but contin¬ 
uously, so that in a country like the 
United States only about 13/2 per cent 
of the population now resides on farms. 
Basically, the growth of modem cities 
has depended upon moving along pari 
passu with improvements in techniques 
and knowledge of agricultural produc¬ 
tion, though this does not altogether 
answe^r the question why. As agricul¬ 
ture became more efficient in modern 
times, other countries, such as Japan, 
were able to make the industrial tran¬ 
sition much more quickly. 

Ti e influx of p(q:)ulation to towns de- 
pc*nded on the state of agriculture only 
to a certain degree, Gutkind countered. 
There is an old saying in Germany that 
“town air sets people free." People 
came to towns desiring to escape the 
feudal powers which were then strong- 
(*r in the countryside. The towns were 
not able to absorb them all, and, in con¬ 
sequence, a sort of unemployed pro¬ 
letariat arose in many European medi* 
eval towns. 

Gourou, in writing, observed that a 
diminution in density of rural popula¬ 
tion was possible in the United States 
and in Western Europe, because rural 
densities were not very high. In Japan, 
however, the rural density in 1868, be¬ 
fore the industrial revolution, was 600 
per sejuare mile, and it has continued 
at that level until today. Growth of 
Japanese cities has not resulted in rural 
exodus but has been possible only by 
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demographic excedents of rural popu¬ 
lation. "VVlien the rural population is 
very heavy at the onset of industrializa¬ 
tion, the role of cities and industrializa¬ 
tion is very different. Therein lies a 
great difference between East and 
West. 

Again, in writing, Gourou presented 
an obverse example. In central Africa 
the cities are in a somewhat diflScult 
situation with regard to their food sup¬ 
ply. For example, Leopoldville ( 300,000 
Africans) finds difficulty in obtaining 
enough food. Yet the average density 
of population in the Belgian Congo is 
only 5 per square kilometer, and 85 
per cent of the inhabitants are rural. 
The explanation is found in the dispar¬ 
ity between the two civilizations. Eu¬ 
ropean civilization is responsible for the 
creation of the city; the traditional Af¬ 
rican civilization is responsible for the 
scarcity of salable foods. Today it is 
easier and cheaper to import wheat 
flour to make bread for consumption 
by Africans in Leopoldville than to find 
in the countryside sufficient quantities 
of chikwangues (cassava paste). 

Gaudston inquired whether the ag¬ 
ricultural population under conditions 
of agricultural surplus automatically 
reduced itself through exodus in in¬ 
verse proportion to the quantity pro¬ 
duced. Boulding then modified his 
original proposition that cities are the 
products of agriculture and exploita¬ 
tion. A surplus from agriculture is nec- 
evsary but is not a sufficient condition 
tx account for the formation of cities. 

f)UROU, in writing, said that, for 
hit the discussion of the city had been 
me- confused. Is it necessary to ask 
whj here are cities and what are their 
cha- teristics? The only point that ap¬ 
pear { to him important was whether 
the • velopment of cities in modern 
civili. < *ion was dangerous, profitable, 
or inditrerent for the future of human- 

ity* , 

At this point in the discussion, Blu- 


MENSTOCK rose to voice his objection 
that the discussion had strayed too far 
from the theme and that consideration 
should be given to the influence of the 
industrial revolution on the ability of 
man to change the face of the earth. 
Cities do change the face of the earth, 
but, while a fascinating subject, their 
modes of origin do not. 

INFLUENCE OF THE CITY ON EX¬ 
PLOITATION OF THE EARTH 

Mumford thought it must be realized 
that the cities of the nineteenth century 
and, very largely, the present day were 
successful in a commercial sense be¬ 
cause they were parasitic on a subsist¬ 
ence economy. The assumption was 
that the farmer should not be able to 
make a normal commercial living from 
his work and the rent of his land; that 
he would not be a good bookkeeper 
and find out whether it was worth¬ 
while to supply food to the city. As 
long as that condition prevailed and as 
long as a colonial population—an exter¬ 
nal or internal proletariat, to use Toyn¬ 
bee’s terms—was available, cities were 
able to flourish at a great rate. Now, sub¬ 
sistence economies are in rebellion. In 
the United States the farmer, through 
the influence of education in agricul¬ 
tural colleges, keeps books and de¬ 
mands profits on his farm labor and 
farm investment comparable to those 
made on industrial investments. This 
becomes a limiting factor in the growth 
of cities. For example, cities are now 
obliged to offer subsidies to dairy farm¬ 
ers in order to obtain a sufficient 
amount of milk, and that is true of such 
other products as cotton and tobacco. 
We have reached the point where the 
fundamental relationship of the city to 
the land is being changed through the 
very success of the commercial econ¬ 
omy in invading agriculture. This, in 
the long run, Mumford thought, is go¬ 
ing to have very serious, ana perhaps 
beneficial, results both on the spread of 
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cities and on the exploitation of the 
land. 

Harris objected to Muinford*s use of 
the term “parasitic” for cities. Cities 
are no more parasitic on the land than 
farmers are parasitic on the cities. Who 
is paying the subsidies now, for exam¬ 
ple? Cities exist because they perform 
important economic functions. They are 
the most efficient areal technique yet 
devised by man for most types of pro¬ 
duction. For most of the things that 
people want, production can be organ¬ 
ized more efficiently in urban agglom¬ 
erations than by any other means. Cit¬ 
ies also transform agriculture. That 
farmers have learned to do bookkeep¬ 
ing is part of the urban transformation 
of rural society. It has been said that 
only in the South is there still a genu¬ 
ine rural society. Thc^ commercially ori¬ 
ented farmer of the Middle West has 
become to a certain extent urbanized. 
His places of work are dispersed, but his 
attitudes are urban. The most atrocious 
waste of resources on eartli today is 
rural underemployment. The technique 
of improving the utilization of this re¬ 
source probably lies through industrial¬ 
ization and urbanization. 

Far from ruining the countryside, cit¬ 
ies are perhaps its salvation, Uixman 
suggested. Tractors made in the city 
have enabled individual men to handle 
more then they could before; agricul¬ 
ture thereby has made enormous strides 
in productivity. 

Boulding asked whether cities today 
are not utterly different from those even 
of three hundred years ago. Though 
agricultural incomes are lower than in¬ 
dustrial income—and this is doubtfully 
true in the Middle West—this is a tem¬ 
porary result of the difficulties caused 
by migration from agriculture. Actu¬ 
ally, cities can produce enough to pay 
the agricultural population almost any¬ 
thing it wants—almost too much. 

In the modern era a great change has 
taken place in the relation between 


town and village. Wi-tifogel sugi:. sted 
that the term “parasitic” was used pi*i - 
haps with the thought that parasitism 
did not occur in the early days but 
came into existence with the develop¬ 
ment of commerce. Assuming that func 
tion is the basis for the rise of cities, 
two conditions have to exist, that is, 
surplus and the transport of surplus. 
What do people in cities have that peo¬ 
ple in the countryside do not? Thought 
of trade focuses upon the things that 
are exchanged. People of the cities, ever 
since the time of early Egypt have pro¬ 
vided services. They kept peace and 
order, administered the regulation of 
the waterworks, and sc^ on, albeit, 
WrrTFOCiEL added, he preferred the 
present service relationship with Wash¬ 
ington, D.C., over that in existence at 
the time of the Pyramids. One of the 
grciat revolutions is the democratic rev¬ 
olution that in the United States in¬ 
volved considerable influence over the 
cities, enabling the farmers, although a 
minority, to wield considerable political 
power. A completely new city-village 
relationship has arisen. 

There is a difference between the 
large nations and the small. Banks 
pointed out that the United States in 
the last dc?cade had experienced the 
largest peacetime migration in the his¬ 
tory of the world—ten million people 
moved to the West Coast. Such a phe¬ 
nomenon, little noticed and certainly 
not disruptive of internal affairs of a 
large country, is to some extent incom¬ 
parable with conditions in small coun¬ 
tries such as Israel, in which, as Glik- 
soN expressed it, the nearness and im- 
ortance of what may be termed the 
iological-ecological equilibrium exist¬ 
ence is felt very well. Hislop was re¬ 
minded that England, too, is small, 
though it has a large population. At one 
time it could feed itself, but today it 
cannot, and so it has developed indus¬ 
trially. It has large cities and conurba¬ 
tions composed of cities and their grad- 
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ually merging adjoining towns, for ex¬ 
ample, Tyneside. The Tyne, a little 
river toward the north of England near 
the Scottish border, had various towns 
along its banks, north and south as far 
as the coast, about ten miles distant. 
But now these towns are gradually ap¬ 
proaching one another until there is al¬ 
most a continuous city stretching from 
the coast to Newcastle and the west. 
These conurbations are necessary, be¬ 
cause England must manufacture goods 
and export them to feed itself. It can¬ 
not carry on solely through inward and 
outward traffic between the cities and 
their adjacent rural countrysides. 

Malin, in writing, discussed the sig¬ 
nificance to the industrial revolution 
and to the English Midlands cities of 
the development of interior communi¬ 
cations within the landmass during the 
second quarter of the nineteenth cen¬ 
tury. Historically, water transport had 
served to carry bulky commodities, but 
muscle power for that purpose was too 
expensive in energy expenditure. The 
rise of England’s Midlands cities dur¬ 
ing the late eighteenth century had 
been based in large part upon canals 
which were designed to introduce econ¬ 
omies of water transport into the in¬ 
terior of the landmass. They served re¬ 
markably well up to a certain point. 
But canals soon reached their maxi¬ 
mum capacity to serve their purpose 
and gave way to a new order of magni¬ 
tude in interior communication. Canals 
<. !-uld be built only in a few places be- 
Ci use of limitations of topography, 

'' 5 r, etc. The steam railroad and loco- 
mo Ve were tested by Richard Trevi- 
thi< in 1804 in the all-but-inaccessible 
cou; V of southwestern England. The 
steau railroad introduced cheap in- 
terio! V ommunication into the landmass. 
Its g! it significance lay in opening up 
interi(u > hitherto unavailable, together 
with their mineral wealth. Thus the 
railroad enlarged the limits of natural 
resources. It also provided access to 


new markets and enlarged existing 
ones, affording outlets for surpluses and 
inducements to enlarging production of 
surplus products. Furthermore, interi¬ 
ors could be supplied from the abun¬ 
dance of the outside world with com¬ 
modities new to them or scarce. Social¬ 
ly, railroads spread intelligence and 
cultural amenities throughout England. 
The railroad as a mode of interior com¬ 
munication exerted a revolutionary in¬ 
fluence upon international competition. 
In his book on railroads (1825, 1831), 
Nicholas Wood argued that the nation 
first to acquire this new technology 
would lead the world into a new era. 
The most remarkable aspect of this dic¬ 
tum was that Britain’s leadership has 
been attributed usually to sea power. 
The implication of Wood’s argument 
was that, even in a small country like 
England, landmass was critical to Brit¬ 
ain’s international position—even to 
Britain’s sea power. The sea was equal¬ 
ly available, theoretically, to all nations 
as a highway to states fronting on 
oceans. Landmass was different. It was 
unique to each state, and the effective¬ 
ness of its use was the responsibility of 
each state and its opportunity to wield 
this uniqueness as an advantage over 
rivals. During the nineteenth century 
England’s industrial system capitalized 
upon that fact in a big way. Later, of 
course, large, continental, landmass 
countries were to challenge Britain, but 
Britain, as Wood had predicted, held 
the lead for quite some time. Railroads 
were the basis of the rise of Britain’s 
rivals later in the nineteenth century, 
which partly neutralized Britain’s sea 
power. Still later, air power, another 
new order of magnitude in communica¬ 
tion, largely neutralized both sea pow¬ 
er and landmass power per se. 

Improvements in transportation were 
an obvious part of the industrial trans¬ 
formation, UuLMAN thought. The main 
effect was to enable areas to specialize 
in what they could do best. The scale 
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of the earth's regions thus has been 
changed by the developments in trans¬ 
portation. 

The last century or so, probably, was 
one of the first times in which man had 
almost unlimited choice as to what the 
configuration of a country should be as 
among big cities, small cities, and 
towns. On this point, Mayer introduced 
the subject of choice. Probably in es¬ 
tablished countries, but certainly in un¬ 
derdeveloped countries, no one ques¬ 
tions organization, gregariousness, ag¬ 
riculture, and the other absolutely true 
tilings that have here been discussed. 
But arc we choosing the kind of con¬ 
figuration that is most efficient? If we 
want to exercise choice, we can do so, 
because we now command the technol¬ 
ogy. Rural underemployment can be 
remedied. Certain areas of India are 
being developed in ways that do not in¬ 
volve huge cities; many consumer in¬ 
dustries can be handled in very small 
cities. In discussing choice and the con¬ 
figuration to be chosen, we are con¬ 
fronted by certain problems. What is 
the effect on people of the size of the 
city in which they live? What kinds of 
relationship can or cannot exist in cities 
of different sizes? Are the cultural val¬ 
ues in the very big cities outweighed 
by the passivity with regard to partici¬ 
pation? 

Ullman granted that technology 
now permits the choice of picking the 
size of the city desired, but who makes 
the choice? In our society is it not the 
factory-builder? And where does he 
build? For footloose industries, where 
he can get labor. Formerly this meant 
the cities; now, the favored spot is the 
satellite-suburb, where, by compromis¬ 
ing, he can be close to labor and other 
urban aspects yet have a good site on 
cheaper land with access to good roads 
and better living conditions for his la¬ 
bor. Such are the growing places which 
have experienced the greatest shift in 
population over the last two decades 


in the United States. But this dot^s not 
mean a dispersed population in small 
towns scattered over the countryside. 
North Carolina, for example, is almost 
a truly dispersed industrial area, with 
a few large cities of about 100,000 and 
many tiny towns. Labor in the rural 
population was dispersed to begin with, 
and industry has dispersed to reach its 
labor supply. But the industries, such 
as textiles, pay relatively low wages, for 
skilled specialists are not found among 
dispersed populations. The dilemma of 
North Carolina is its low per capita in¬ 
come. Does man have the power for 
change? Is it real or only apparent? 

Smith spoke of recent changes in the 
Philadelphia suburbs. It depressed him 
to travel the ten miles from his home 
into the city. What was last year a field 
is now row after row of little houses, 
only a few feet apart with nothing be¬ 
tween, in front, or bt.'hind them but a 
slight touch of green and several little 
trees. These accursed rows of houses 
are the action of an individual who hap¬ 
pens to own a farm or to buy a field 
and wants to jam as many houses as pos¬ 
sible onto his pasture to sell at from 
$11,000 to $20,000. About sixty years 
ago an English shorthand reporter, Eb- 
enezer Howard, wrote a little book 
with a plan called Garden Cities of To¬ 
morrow ( 1903). Based on a concentric- 
circle concept, with two or three great 
circular streets, the plan included busi¬ 
ness buildings in the center, residences 
all around, and the fields beyond re¬ 
served as fields. Lots were big enough 
to have a little garden, and in the fields 
beyond a larger garden could be had 
by those who wanted it. Such cities 
have been brought into existence in 
England, as described in Mumford's 
chapter (pp. 395-96). Here has been 
a true revolution—a place for people to 
live, where they can dig, have fresh air, 
have more sunshine, and have a place 
to play and which will not be turned 
into a slum by the next real estate op- 
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eration. Mumford added t^iat fourteen 
garden cities are in existence, some just 
coming into completion. All are of lim¬ 
ited size, none proposed numbers over 
90,000, and all have green belts of vary¬ 
ing amounts around them. 

Maykr mentioned that something 
much more revolutionary had happened 
in England in the last several years. A 
new law permits big cities to buy land 
beyond their own limits to set up satel¬ 
lite towns. These subtowns arc being 
built around certain existing small com¬ 
munities as nuclei. This is done by cov¬ 
enant with communities which arc will¬ 
ing and ready to accept this planned 
expansion. For the first time in Western 
civilization over the last century, a city 
(Ijondon) has decided that it is too big 
and is going to resettle some of its pop¬ 
ulation, not in a suburb a few miles 
away, but way beyond, in new settle¬ 
ments. Banks added the comment that 
it has been recognized that, in making 
such a new town, there must be in¬ 
cluded a mixture of types of people 
with different interests—not all slum 
dwellers or all professional people. 
Gutkind spoke of physical planning. 
These developments in Britain were 
achieved not by planning single towns 
or a single county but by planning on a 
regional or sometimes national scale. 
Ten satellite towns are being built 
around London, almost like the earlier 
garden cities. Most of these towns have 
mixed populations, but a problem that 
n ises is that up to 60 or 70 per cent of 
tii people have to work elsewhere. 

"J ‘ f s it is also important to decentralize 
ii« stry. A garden city was originally 
coi ived as an independent, almost 
seli )ntained unit, but the final result 
of ' lysical decentralization without 
cult il decentralization is that all these 
yer) ce cities, planned with the best 
inten; ns, will be new, stufiFy small 
towns ith small-town folk, because the 
cultural amenities, save the cinema and 
a few others, do not exist. Banks did 


not entirely agree that there would be 
lack of culture in the satellite towns. 
Television, radio, improved education, 
and transportation have opened new 
vistas, giving access to incredible beau¬ 
ty and knowledge to persons wherever 
they may live. As he put it, “When I 
buy my cigarettes every morning in 
Cambridge, I learn more archeology 
than I myself know from the lady who 
serves me who has witnessed Glyn 
Daniel the night before describing the 
beautiful things on television. She has 
seen things which I have not seen.’’ 

Most of the diseussion had been 
spent on the additions that cities have 
made to the face of the earth and very 
little about the losses that have taken 
place, Clark remarked. There are very 
important losses, culturally, of many 
satisfactory folkways. And there are 
also the tremendous losses in the or¬ 
ganization of biological communities— 
in the soil and in vegetation. lie was 
not at all sure that we are very much 
better off for having so many more peo¬ 
ple or for extending cities in such fash¬ 
ion. In an inventory of what cities have 
done to the face of the earth, it is pe¬ 
culiar that thought should have been 
given only to additions and not to sub¬ 
tractions in the long historical record. 

Albrecht personally did not like the 
lining-up of city versus country, be¬ 
cause both contribute to food produc¬ 
tion. The city man makes machines for 
the farmer to produce more food. It is 
not antithesis; everybody is hungry, and 
everybody must be fed if he is to 
survive. Man has done a good deal to 
populate the face of the earth in re¬ 
gions where he could not have survived 
if forced to depend on what was pro¬ 
duced there. Transportation, industry, 
and politics have enabled people to 
reach back into “oasis” areas where sur¬ 
plus foods or tools are produced. The 
specializations of certain men have ex¬ 
tended resources to other world areas. 
But biological man is a manifestation 
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of certain forces; there must be energy 
behind him. The high level of energy 
in the United States has bt'en based on 
the tremendous fertility of resources 
that could be mined, converted into 
food, and started flowing toward the 
oceans by means of sanitary sewage 
disposal. The energy stream of China 
and Japan does not run to the ocean; 
part of what goes to the cities is car¬ 
ried back. That reversal of the energy 
differential slows down tlu' congestion 
of cities. The United States has been 
mining its resources; and now conser¬ 
vation is a kind of post mortem. The 
protein content of wheat is dropping; 
crops have been substituted that neg¬ 
lect protein, but they fill and fool and 
bring on degenerative diseases; and it 
has not yet been seen that cities are 
merely the concentration of “flies col¬ 
lecting around the honey jar.” Soil fer¬ 
tility, the agricultural capital of food 
production, is not perpetuated in the 
United States. City values can be trans¬ 
formed into a common unit—the dollar 
—but the pounds of calcium, potassium, 
magnesium, copper, zinc, and cobalt in 
the soil cannot b(^ so readily trans¬ 
formed. A farm is bought for its fertil¬ 
ity capital, but it is assessed in terms of 
such utilities as highway frontage, not 
fertility, its real value. (Commercial ag¬ 
riculture liquidates capital assets and 
calls it “taking a profit.” Fertility capi¬ 
tal has not yet been put into monetary 
values and reduced to the level with 
which other resources are viewed. 

IS THE INDUSTRIAL WORLD COMMUNITY 
A PERMANENT CIVILIZATION? 

Stewart proposed that the industrial 
revolution be thought of in terms of 
villages. Almost every village in Swit¬ 
zerland has its factory. Is Switzerland 
one town—an urban center as a whole 
—or has industrialization so spread to 
the villages that the “industrial” city 
versus “rural” village distinction is not 
really proper? Industrial villages have 


so developed in the United Statt it wit 
there is even the phenomenon n 
watch-crystal factory being built on an 
Indian reservation. 

Industrialization has erased the t\is 
tinction between cities and non-citics 
Tax suggested. Industrialized societie s 
appear to be a kind of integrated whole 
to those from other societies. For ex¬ 
ample, the Indians of highland Guate¬ 
mala are organized into villages each 
practicing agriculture but each, also, 
having economic specialization, such as 
pottery-making in one village, basketry 
in another. When Tax told them where 
he was from, he was told, “Well, if 
you "re from the United States, then you 
know how to make an airplane.” This 
naiVet6 is significant; the important dif¬ 
ference between them and us is not ge¬ 
ographical location but organization- 
economic, social, political. What the in¬ 
dustrial revolution meant was not sim¬ 
ply some technological advances but 
organizational changes. 

It seemed to Boulding that the pres- 
c'fl industrial civilization is complete¬ 
ly linprecedented. If a map of the 
world could be drawn on which all dis- 
taiif'es were in proportion to cost of 
transport, then the oceans would dis¬ 
appear, and it would be clear that there 
is one world city—that all cities are sub¬ 
urbs of one another. All previous civi¬ 
lizations also have rested on the differ¬ 
entiation of rural and urban, whereas 
the industrial civilization does not. Both 
the Swiss villager and the Iowa farmer 
are signs of this. If past civilizations 
have been unstable because they were 
made in cities and overthrown in the 
country, the establishment of a modern 
rural-urban identity has profound im¬ 
plications for cultural dynamics. Hu¬ 
man history has consisted of the long 
Paleolithic, then the Neolithic, followed 
by the rise and fall of civilizations 
based on agriculture and exploitation. 
Now, if we do not blow ourselves to 
pieces, there is a long chance that the 
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next stage of man will be a permanent 
high-level civilization. 

Heichelibeim accepted this as a 
plausible hypothesis. He submitted that 
the decisive factors behind all earlier 
urban developments were environment 
and a new organization of capital. Be¬ 
hind the industrial revolution were the 
religious changes in Protestantism, Ca¬ 
tholicism, and Judaism to what is called 
a ‘‘capitalist mentality.” As an illustra¬ 
tion, the farmer no longer looked upon 
his cow as an animal to be loved, pet¬ 
ted, or maltreated but as a piece of cap¬ 
ital to b(^ used as well as he could for 
the betterment of himself and of man¬ 
kind. New money structures brought 
cities into stronger relationships to the 
countryside than they had had before. 
For example, active investment bank¬ 
ing of the nineteenth century complete¬ 
ly changed the agricultural-urban 
structure of the United States. 

Brown noticed that agricultural and 
transportation revolutions had been 
suggested as responsible agents for the 
industrial revolution, and an economist 
had just spoken of capital formation. 
A geologist would refer to coal fields, 
and a technologist would speak of 
Abraham Darby, who first linked coal 
with iron. Brown preferred to look 
upon the industrial revolution as a 
mesh—to see it in the same way that 
one looks upon an ecological assem¬ 
blage, in which everything interacts on 
everything else. The net result is that 
teedback is encountered, which enor- 
iMously accelerates everything. The in- 

strial revolution is not one thing blit 
ti l interaction of a vast complex of 
th gs. 

'5AHAM reminded everyone that in 
all iterrelationships there is a limiting 
fat t. For example, one of the limiting 
fact is today in the location of many 
largf judustrial developments is water. 
Lackthis single factor, many find it 
impossihle to settle where they wish to 
settle. 


The reference to capital led to Glik- 
son's recall of the analysis by G. T. 
Wrench in his 1946 volume. Recon¬ 
struction by Way of the Soil, which 
compared the capital of the farmer with 
that of the nomad. Man's attitudes to 
the environment and to life are ex¬ 
pressed in his various ideas of capital. 
According to Wrench, land is the basic 
capital of the farmer. All care is given 
to maintenance of soil fertility as a 
preservation of capital not only for the 
present but also for future generations. 
Domestic animals are the capital of the 
nomad. As movable property, they can 
be transferred from one land area to 
another, exhausting a maximum of land 
fertility in a minimum of time, then 
moving on (with the wealth of the land 
stored in the animals) to another re¬ 
gion for another period of exploitation. 
Tliough clashes between farmers and 
nomads today have become rare, the 
basic controversy in attitudes remains. 
The economic values prevailing among 
the majority of city populations (and 
often among modern farmers, too) are 
very close to the idea of the nomad: 
land and its products are valued in 
terms of money. In the past, nomad 
actions endangered and destroyed land 
as a permanent source of livelihood; 
with the development of techniques, 
transportation, and markets, the “no¬ 
madic” values today represent an even 
greater danger. On the other hand, the 
work by the Dutch of reclaiming agri¬ 
cultural land from the sea expresses the 
farmer’s values: an increase of fertile 
land is an increase of the basic capital 
of the country. 

This question of the measure of 
value, Boulding felt, was critical for 
the symposium. There is a strong feel¬ 
ing fhat the dollar is not the perfect 
measure—that there are other values 
which are not conserved under a bank¬ 
ing civilization. On tiie other hand, 
no simple physical measures are satis¬ 
factory—neither phosphorus nor protein. 
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There is no escape from the psycho¬ 
logical nature of utility. 

Leopold took up the question of val¬ 
ues. Continual development of the ur¬ 
ban community during the industrial 
revolution has been directed presuma¬ 
bly toward, we can say, more and bet¬ 
ter bathtubs. What will happen in the 
future depends on what people consid¬ 
er to be the values to be obtained or 
achieved. In California, for example, 
urbanization has continued to the point 
where cities have become so large that 
there has been a very surprising and 
rapid movement of people not only to 
the suburbs but actually to the desert. 
So great is the desire, apparently, for 
certain aesthetic and perhaps ethical 
values not obtainable in the city that 
people, in their movement to the des¬ 
ert, have built homes to which they ac¬ 
tually haul water. What happens next 
to man will depend upon the rapidity 
and nature of change in values, influ¬ 
enced more and more by a desire for 
improved ethical and aesthetic stand¬ 
ards beyond the limit of what can be 
achieved through industrialization and 
urbanization. 

WHY CHANGE? 

Boulding was interested in the tlieo- 
retical background of the dynamics of 
change. What is the model underlying 
the extraordinary phenomenon of de¬ 
velopment and change in society? He 
suggested the mutation-selection model 
and asked whether it could be applied 
to changes in technology and organiza¬ 
tion. If so: (a) What factors affect the 
rate of mutation (new “ideas”)? {h) 
What is the relation between the rate 
of mutation and the over-all rate of 
“development,” however measured? (c) 
Why is there such a strong relation be¬ 
tween religious nonconformity and 
technical change? (d) What are the 
factors in society which prevent devel¬ 
opment? (e) The weakness of the mu¬ 
tation-selection model in explaining 
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technical development is that nirta 
tions in “ideas” are not random, lluw 
can this “un-randomness” be expressed 
in a theoretical model? 

All evolution falls into periods of rel 
ative stability, whicdi leave records, iu 
terspersed with periods of rapid devel¬ 
opment, of which very little is known. 
In the history of man there have been 
perhaps three periods of rapid develop¬ 
ment: (I) the development of Homo 
sapiens himself; (2) the great transi¬ 
tion from the Paleolithic, with the in¬ 
vention of civilization (agriculture, cit¬ 
ies); and (3) the present period—the 
second great transition. Can a mutation 
in society, in ideas, in institutions, be 
identified? Is there such a thing as a 
rate of mutation in social institutions? 
What is the relation of this to develop¬ 
ment? In a stable society all mutations 
are strangled at birth; in an equilibri¬ 
um society selection cancels out all mu¬ 
tations, and the society reproduces it¬ 
self. In the process of biological €)volu- 
tion partial isolation is important. Is it 
important in social change? Obviously, 
social change is not the same as bio¬ 
logical change. What are the important 
differences tnat can be identified? 

The great problem to Boulding was 
why change occurred at all. There is 
something in human society which will 
not permit rest. If men are to under¬ 
stand change, let alone dream of con¬ 
trolling it, they must understand the 
processes of change. Almost the only 
theoretical scheme which has an ac¬ 
count of change is that of biological 
evolution. This theory is certainly 
shaky and highly dubious, but it is the 
only theory that can offer any kind of 
explanation of the processes of change. 
There are what might be called “social 
species” in the shape of ideas, organi¬ 
zations, customs, types, and ways of 
doing things. Mutations occur occasion- 
ally—new ideas, new ways of doing 
things~and there is obviously a selec¬ 
tive process of society which enables 
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some mutations to survive and not 
others. The difficulty when studying 
the basic empirical problem is that 
things which do not survive are not 
there to study. We taJk about survival 
of the fittest—not the fittest for what, 
but the fittest for survival. Evolution, 
then, is the survival of the surviving, but 
do we know what makes for survival? 

Gregg suggested that man’s inborn 
curiosity, when reasonably actively em¬ 
ployed, is moie nearly responsible for 
such changes as are known than many 
other factors. He thought also of age- 
group pressures. It is almost certain 
that, after a certain set of values persist 
for a reasonable time, the next genera¬ 
tion will come along inclined to chal¬ 
lenge it. “1 always liked the account of 
Mussolini having a meeting in Bologna. 
The triumph of his speech was, ‘The 
man to succeed me is not born.’ And 
the next line in the newspaper was, 
‘At this moment the band struck up 
“Giovanezza, Giovanezza.” 

Innovators belong to a different class, 
suggested Galdston. How the biological 
sport arises among humans we do not 
know. He granted that the technologies 
of agriculture, fisheries, transport, and 
industry are the instruments by which 
certain end results are actually real¬ 
ized; only an idiot would deny the car¬ 
dinal importance and historic potency 
of those factors. But what he wanted 
to know was: Who creates a Da Vinci? 
Who inspires a Darwin? Who gives us 

Pasteur? A Wagner? Do we really 
retend that by the study of technologic 
tors we can ever assess how they 
ne into being? Can we ever gauge 
T such people have done in order to 
pi luce the instrumentalities that have 
le( o cities and all? 

ke, for example, three important 
till . related to the industrial revolu- 
tioi team, internal combustion, and 
the ( 4L^tric motor. We have had cop¬ 
per; knew about electricity—Volta 
long antedated Watt. But why was it. 


Galdston wondered, that the electric 
motor and the dynamo were not created 
before the steam engine? Also, what of 
significance preceded the Renaissance? 
Long before inclosures were started, 
there were .such things as the vulgar 
languages, the cult of the Virgin, the 
troubadom's, and many cultural factors 
contributing to the rise of cities and of 
agriculture. Human beings have certain 
cultural and intellectual impulsions. 
And these must be included in any eco¬ 
logical assessment. 

Geacken took the Chairman to task 
for importing a biological scheme to 
the neglect of human history. During 
the session various speakers had 
brought up important historical details 
very troublesome to makers of theoreti¬ 
cal systems. Many European colleagues 
have a far greater s^nse of the tremen¬ 
dous value of the historical experience 
of mankind and the events that have 
determined it. To import biological 
analogies, no matter with how many 
qualifications, is to repeat a system 
which began with the Greeks and 
ended with the fanciful theories of 
nineteenth-century German political 
thought and sociology. Glacken, in 
writing, suggested, too, that the chap¬ 
ters dealing with the early history of 
man’s modifications of the earth are an 
excellent corrective to the view—widely 
expressed in contemporary literature— 
that the greatest and most significant 
changes in the earth’s surface have 
come as a consequence of the industrial 
revolution. These chapters show how 
extensive were the modifications by 
non-industrial peoples. Notable, too, 
was that a large part of Marsh’s work 
dealt with changes brought about in 
ancient and medieval times and in the 
preindustrial era. 

DIFFERENCES IN APPROACH TO 
MAN AND ENVIRONMENT 

Boulding pointed up what seemed 
to him the fundamental issue which 
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had arisen in the symposium and which 
probably would continue in all subse¬ 
quent sessions. Quite obviously within 
the group present there was a sharp di¬ 
vision between the “biological-ecologi- 
caF point of view and the “socioeco¬ 
nomic” viewpoint. 

The biological-ecological view is ex¬ 
pressed in terms of equilibrium systems 
and of movements toward equilibrium, 
that is, systems in which there is circu¬ 
lation and conservation. The form of 
something is changed, but everything 
eventually returns, and the cycle is re¬ 
peated. Biologists and conservationists 
feel that man has to find his place with- 

Stage of L,ifo 


Egler felt extremely enlightein 
at last being able to comprelieiul 
extraordinary references to ecologv 
he had found in various parts of the 
literature on economics. But ecologist , 
no longer think that, when white iru n 
came to America, everything was in a 
stable equilibrium or in a fixed balance 
of nature; that white men knocked it 
down; and that, if left alone, nature 
would rise up again to a certain pro¬ 
ductive point and stay there, moving 
along at a balance. To the contrary, the 
past was an extraordinary series of ir¬ 
regular upheavals, not littJc cycles. 
Present cultures produce additional 

Communities 

Formation of original com¬ 
munities 

Organization of technologv 
and government 

Specialization of function, 
including obligatory in¬ 
teraction within commu¬ 
nity and environment 


Aggregation 


Morphogenetic Movements 

(slowly reversible sluggish move¬ 
ments ) 

Differentiation 

(practically irreversible) 


Variable Growth and/or Differentia¬ 
tion 
Adult? 

Senility and Death? 


Organisms 

Cleavage of eggs, 
movement of slime- 
mold cells, etc. 

Cell orientations, etc. 


Tissue and organ for¬ 
mation (obligatory 
interaction) 


in a cycle of this'kind; if he violates it, 
he is heading for trouble. 

On the ofiher hand, all history, geo¬ 
logical as well as human, is not the rep¬ 
etition of a cycle. It is an irreversible 
process of curiously decreasing entropy 
—that is, of increasing complexity of or¬ 
ganization. This process of agricultural 
improvement, urbanization, and indus¬ 
trialization has just been discussed. The 
development of surplus from agricul¬ 
ture permits the establishment of 
towns. Also, the towns develop the 
skills and techniques of science and in¬ 
dustry, and these feed back on the ag¬ 
ricultural countryside. This is a cumu¬ 
lative process in which the critical ele¬ 
ment is not the conservation of mate¬ 
rials or of energy but information. 


imbalances through which they move 
on to new irregularities, not inscribed 
in the finite world of traditional ecol¬ 
ogy. Ecologists should not be blamed 
for what is no longer ecology. Stein- 
bach, in writing, supported Egler’s con¬ 
tention that biologists do not assume 
equilibrium systems. He felt rather that 
the most relevant area of biology was 
not field ecology, which he considered 
largely sterile and archaic, but develop¬ 
mental biology. The “curious” non 
additive, locally irreversible, entropy 
decrease is fundamental and destruc¬ 
tive for biological (including socio¬ 
logical) existence. The accompanying 
diagram was presented. 

Sauer asked the Chairman to expand 
his remarks on the deficiency of the 
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biological group in its lack of knowl¬ 
edge of an antientropic system. Boul- 
DiNG explained that organization was in¬ 
troduced into human evolution through 
man’s consciousness, his learning ca¬ 
pacity, and the development of such 
cultural factors as language, communi¬ 
cation, and information transfer. Man 
is a problem-solving animal. Antien¬ 
tropy refers to the extraordinary process 
of rapid increase of organizational com¬ 
plexity. Culture builds up entropy in¬ 
stead of tearing it down, and this has 
to be taken into account in ecological 
systems. Biological systems are subsys¬ 
tems with which we should not rest. 
There must be taken into account the 
process of communication and informa¬ 
tion among human beings, which is 
antientropic. For example, a class when 
taught knows more, and the instructor 


does not know any less. This is the key 
to life, which is a process for diminish¬ 
ing entropy, and civilization is its ex¬ 
tension. 

Darwin asked whether increasing 
organization and increasing complica¬ 
tion are not themselves increasing the 
entropy of the world. He thought quite 
confidently that this had been very 
rapidly increased by all that has been 
going on in the last fifty years. Putnam, 
in his The Future of Energy, states 
that half the coal which has been 
burned in the whole history of the 
world has been burned in the United 
States in the last thirty years. In this 
sense, then, the United States in the last 
thirty years has done as much to in¬ 
crease the entropy of the world as the 
whole of the human race in the whole 
of the past. This is not a boast! 
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Environmental Changes through Forces 
Independent of Man 

RICHARD J. RUSSELL" 


If the time that life has existed on 
earth—on the order of one thousand 
million years—be represented by a line 
100 inches long, the terminal one-tenth 
inch suffices for the history of man. 
During his one million years man has 
(wpc'iic'nced neither the typical distri¬ 
bution of climates over the earth’s sur¬ 
face nor the normal tempo of geo¬ 
logical activity of the earth’s crust. 

Man’s appearance at an abnormal 
time, when Ice Age climates existed 
and the crust was particularly restless, 
was not a matter of chance. Similar in¬ 
terruptions in the tranquillity and 
monotony of geological events have 
occurred at other timc*s—in the late 

® Dr. Russell is Professor of Geography and 
Dean of the Graduate School, Louisiana State 
University, Baton Rouge. In 1937 he received 
the first W. W. Atwood Award for studies in 
physical geography from the Association of 
American Geographers and in 1948 a G.R.B. 
Special Fellowship for field work in Belgium. 
He has served as distingui.shed lecturer, Amer¬ 
ican Association of Petroleum Geologists, 1943; 
president. Association of American Geog¬ 
raphers, 1948; and councilor. Geological So¬ 
ciety of America, 1950-52; and is now Ghair 
man of the Earth Sciences Division, National 
Research Council, and a member of the Ad¬ 
visory Panel in General Sciences to the As¬ 
sistant Secretary of Defense for Research and 
Development. He is an honorary member of 
the Belgian Society of Geology, Paleontology, 
and Hydrology and of the Royal Dutch Geo¬ 
graphical Society. His publications include: 
Climates of California, 1926; Geomorphology 
of the Rhone Delta, 1942; and (with F. B. 
Kniffen) Culture Worlds, 1951. 


]3rc-Cambiian and during the Cale¬ 
donian, Hercynian, Cordilleran, and 
other revolutions—and each was accom¬ 
panied by an acceleration of evolu¬ 
tionary processes which brought pro¬ 
found changes in plant and animal life. 
By the end of the Tertiary the evolu¬ 
tion of primates had reached the point 
wht*re a large-brained, erect, short¬ 
toed, comparatively hairless, and in 
many respects primitive and helpless 
animal could rise to a dominant posi¬ 
tion. 

In a conference on “Man’s Role in 
Changing the Face of the Earth,” a 
summary of environmental changes 
through forces independent of man ap- 
pc'ars to be an assignment to the voice 
of a loyal opposition. It seems impor¬ 
tant to recognize and hold in mind that 
a variety of natural processes are oper¬ 
ative and have not ceased to operate 
simply because man made his appear¬ 
ance on the scene. Of his general domi¬ 
nance there can be no question, but 
man’s control of his own destiny is 
actually far from complete. He stands 
passive in the face of forces which he 
is unable to harness, subdue, or even 
modify. His increased technical com¬ 
petence brings many changes, but 
man’s tenure on earth is still subject to 
many ungovernable environmental con¬ 
trols. The more significant affect him 
gradually, as a rule, but some of the 
less important strike him with cata¬ 
strophic impact. Before discussing such 
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unpleasant topics it is well to examine 
the setting upon which man’s earthly 
drama unfolds. 

ITIE STAca*: 

From the .standpoint of landscapes 
the tenth's cnistal history may he di¬ 
vided into four main periods. First, be¬ 
tween the dawn of geologic time, when 
the oldest rock was formed—some three 
thousand million years ago—and the 
appearance of the first land plants, the 
earth’s surface stood naked and fully 
t'xposed to atmospheric forces that 
shattered rocks freely and moved the 
resultant debris about with an case un¬ 
known during later time. Landscapes 
wen^ dominated by forms resembling 
those of today’s harshest environments, 
such as extreme desert or ice-free high 
arctic areas. Slopes remained steep 
during their denudation, and it is 
doubtful whether clay existed any¬ 
where. 

During the second period, between 
the Silurian and mid-Mesozoic, at least 
parts of the land were covered by low 
forms of plants. Rain beat less effec¬ 
tively against a surface partially ar¬ 
mored with incipient soils, water rushed 
less A’igorou.sly down slopes, and hills 
started to assume rounded profiles. Dep- 
ositional surfaces began to be cov¬ 
ered with something more than dis¬ 
crete mineral or rock fragments, and 
biogcnetic agencies capable of forming 
new clay minerals came into operation. 
Though primitive, some of the plants 
attained enormous sizes, and the 
amount of vegetable material incorpo¬ 
rated into sedimentary deposits at 
times bulked large. 

The appearance of woody trees and 
higher types of plants in the later Meso¬ 
zoic brought a transition to the third 
period in landscape development. Soils 
became widely developed, and topo¬ 
graphic profiles more closely resembled 
those we know today. But it was not 


until the Tertiary that modern grasses 
ushered in the fourth period by making 
possible the development of several of 
our most significant soil groups, with 
clearly differentiated profiles which in¬ 
clude compact, tough, clayey subsoils. 

The final period has two main sub¬ 
divisions. During much of the Tertiary 
there was comparative freedom from 
extremes of orogeny, vulcanism, and 
the sharply differentiated climates 
which have characterized the Quater¬ 
nary. Mountains were created here and 
there, huge volumes of basaltic lava 
spread over surfaces of the Columbia 
River plateaus. Peninsular India, and 
elsewhere, and there was some local¬ 
ized valley glaciation; but, on the 
whole, these evidences of crustal un¬ 
rest were mild preludes to the tremen¬ 
dous changes that occurred during the 
Quaternary. 

The world of early Pleistocene man 
was one in which continental eleva¬ 
tions were being pushed up to abnor¬ 
mal heights, mountains were being 
created and maintained with extraor¬ 
dinary vigor, and icecaps were growing 
to continental proportions. The broader 
climatic belts of the Tertiary were be¬ 
ing replaced by sharp zonation and 
complicated differentiation, with new 
extremes of aridity, frigidity, and storm¬ 
iness. But the drama was being played 
on a stage well prepared for its recep¬ 
tion. A modern earth armed with tough 
soils and widespread vegetation has 
proved far less susceptible to change 
under the impacts of denudational 
forces than the earth of earlier geo¬ 
logical history. Though debris is 
formed and deposition of continental 
sediments occurs rapidly in certain 
harsh environments today, natural de¬ 
nudational and degradational processes 
operate extremely slowly in most hab¬ 
itable areas. As a rule, nothing short 
of removing an area of subsoil breaks 
the armor sufficiently to permit a con- 
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spicuous acceleration of erosion. Even 
the most spectacular cases of gullying 
arc sharply localized. 

ICE, SEA, AND LAN1> 

Pleistocene glaciation affected man 
profoundly, but changes came so grad¬ 
ually that nobody was aware of them. 
Expansions and contractions in volumes 
of continental ice slowly drove early 
man toward lower latitudes or permit¬ 
ted him to follow the forest as it crept 
jDoleward. Beyond the borders of the 
ice during glacial stages came more 
pluvial periods, with the appearance 
of lakes in what had been dry basins, 
the extension of streams beyond former 
lower limits in steppes and desert mar¬ 
gins, and striking changes in distribu¬ 
tional patterns of plants and animals. 
In at least the non-tropical parts of the 
Northern Hemisphere man was either 
forced into or afforded the opportunity 
of migrating widely during the several 
alternations between glacial and inter¬ 
glacial stages of the Pleistocene. In the 
vicinities of ice margins minor migra¬ 
tions were caused directly by fluctua¬ 
tions in ice-front positions. Even in 
places as remote as the East African 
lakes came ascent or descent of sites of 
habitation with shifting shore lines. 
Pleistocene climatic changes probably 
account for some major group displace¬ 
ments, such as the movement of Cauca¬ 
soids to India and Arabia, where they 
interrupt the continuity of Negroids 
between southeastern Asia and Africa. 

Man’s preference for coastal low¬ 
lands undoubtedly concentrated popu¬ 
lations of primitives along shores of 
lakes, seas, and oceans—in locations 
where the effects of glaciation and dc- 
glaciation were felt most sensitively. 
Five Pleistocene continental ice accu¬ 
mulations attained sufficient volume to 
lower universal sea level by as much 
as several hundred feet. Each of the 
low-level stages was sufficiently pro¬ 


longed to permit the deposition oi 
broad belts of sedimentary matc iials 
that formed coastal plains. Man un¬ 
doubtedly migrated seaward, as these 
attractive lowlands were created, to 
occupy extensive areas beyond and be¬ 
low the present limits of northwestern 
European, southeastern Asian, and 
other coasts of today. 

There has been much ill-informed 
physiographic speculation concerning 
the origin of the submerged benches 
off continental shores. A base of effec¬ 
tive erosional cutting by waves has 
been lowered hypothetically from a 
maximum of about 70 feet to 600 feel 
in order to support an erosional theory 
of the origin of the continental shelves. 
But abundant evidence confirms the 
(^arly explanation advanced by Shaler 
(1895): the shelves are the deltaic 
coastal plains of low-level, glacial- 
stage Pleistocene seas. The artifacts of 
primitive man must lie concentrated 
along old shores which arc now buried 
beneath later deposits. 

Coastal populations are being driven 
inland and upward today at a pace 
which seems trivial in terms of the time 
span of several generations—about 1 
foot per century. The average rate since 
the end of the Pleistocene has been on 
the order of twice that. This estimate 
accepts Reade’s definition (1872) of 
Recent—that period of time during 
which sea level has made its last major 
rise—and evidence that the rise along 
the northern shore of the Gulf of Mexi¬ 
co has amounted to somewhat more 
than 400 feet, together with an allow¬ 
ance of some twenty thousand years as 
the duration of the Recent. The land¬ 
ward migration of the shore line in 
western Louisiana was on the order of 
100 miles. The march is still in progress 
and affects all seacoasts. 

If current rates of sea-level rise con¬ 
tinue, it may take some two hundred 
centuries of ice-melting to bring the 
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oceans to their maximum stand, accord¬ 
ing to Ahlrnann’s estimates (1953) of 
ice volume. Should the Ice Age thus 
terminate, new coastal plains will build 
seaward from about the level of today s 
200-foot contours. Most of the world’s 
existing population clusters will there¬ 
by be biuied under terrigenous sedi¬ 
ments, far from coasts. 

It is possible that the Recent rise of 
sea level brought catastrophic results 
to early man; the Mediterranean Basin 
may have been flooded when Atlantic 
waters rose to the level of the sill at 
Gibraltar. Legends of a great flood, 
whether the Noachian Deluge or some 
other, may dimly reflect this event. 
There is evidence both for and against 
the possibility. 

The saddle of tlie Gibraltar sill, well 
to the west of the Strait, now has a con¬ 
trolling depth of 1,056 feet—well below 
most estimates for the pre-Recent level 
of the Atlantic. This may not rule out 
the flood hypothesis. Bottom scour may 
have lowered the sill somewhat, but 
more likely is the possibility of lower¬ 
ing by faulting. The surrounding region 
is characterized by seismic activity, and 
the bottom topography appears to be 
tectonic in origin. Shoals rise to within 
60 feet of the surface in the Strait, 
whereas the average depth is common¬ 
ly stated as 1,200 feet. Broad shelves in 
the Adriatic, toward the head of the 
Gulf of Lions, and in other places sug¬ 
gest a low-level Mediterranean in early 
Recent time. Similarities in plants, ani¬ 
mals, and human cultures are so strik¬ 
ing on opposite shores of Gibraltar that 
biologists and archeologists tend to in¬ 
sist on the presence of a land bridge 
during some part of the late Quater¬ 
nary. There is little likelihood that 
glacial-stage pluvial periods reached 
the Mediterranean Basin with effect 
sufficient to provide surplus water. The 
wadies of northern Africa, while longer 
during the last glacial stage, were dis¬ 
tinctly the watercourses of an arid 


region throughout the Pleistocene, ana 
the Libyan Desert bears no suggestion 
whatever of increased precipitation. 

Each major increase or shrinkage in 
volume of Pleistocene continental ice 
was undoubtedly characterized by nu¬ 
merous and complicated minor fluctu¬ 
ations at less than glacial, or intergla¬ 
cial, proportions: times of reversal of 
general trends and stillstands. The com¬ 
plications of the latest major retreat are 
fairly well known. 

To comparatively advanced man dur¬ 
ing the late Pleistocene and early Re¬ 
cent ages came experiences such as be¬ 
ing driven higher in the Alps, to caves 
above thickening valley glaciers, or 
from dwellings in lakes which stood at 
levels lower than today’s levels. Man 
has been forced, or has chosen, to mi¬ 
grate back and forth across territory 
marginal to desert and steppe. These 
experiences have related in part direct¬ 
ly to fluctuations in ice volumes and in 
part to such secondary consequences as 
increases or decreases in rainfall and 
snowfall. With the arrival of historical 
time came an increasingly well-docu¬ 
mented record of such minor migrations 
and changes in ways of life. 

The Greenland voyages followed 
routes which would be impossible to¬ 
day, across seas now regularly blocked 
by ice. Warmer summers permitted 
raising crops that now will not mature 
in Greenland. All northern lands experi¬ 
enced increasing storminess during the 
thirteenth century, and the next century 
brought abnormal cold and snow in at 
k'ast Iceland and Denmark. Mean¬ 
while, Mexico was the scene of greatly 
augmented precipitation, and Aztecs 
were being driven upward from lakes 
that were rising well above today’s lev¬ 
els. Alpine glaciers pushed their fronts 
down valleys well beyond positions oc¬ 
cupied during Roman times, and simi¬ 
lar “Little Ice Age” advances occurred 
in the United States. During the twen¬ 
tieth century, however, many of the gla- 
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ciers of the western United States have 
disappeared, and ice volumes are di¬ 
minishing everywhere. 

While the association between vol¬ 
umes of continental ice and the stand 
of seas is positive and has affected man 
in many ways, there is no basis for pre¬ 
dicting either a continuation of the 
trend toward highta- seas or its reversal 
during the centuries immediately 
ahead. But man will make adjustments 
in either case. lie may slowly withdraw 
from the shores of encroaching waters 
or gradually advance across newly ex¬ 
posed bottoms. He may occupy newly 
uncovered land in the wake of glacier 
retreat or be forced back by advancing 
ice fronts. What appears improbable is 
stability for any appreciable length of 
time—in ice volumes, in stand of the 
oceans, or in climatic trends. 

WEA'niER AND CLIMATE 

Though the profound changes in en¬ 
vironment that affect man most severe¬ 
ly occur during intervals so prolonged 
that ordinarily he does not recognize 
their occurrence, he has long been 
keenly aware of vagaries in local 
weather conditions and of short-term 
climatic fluctuations. Dry world and 
Mediterranean peoples placed their 
gods in the sky and saw signs and 
omens in atmospheric or celestial set¬ 
tings. The regularity in daily and sea¬ 
sonal temperature marches emphasized 
the importance of the giver of light and 
heat. Solstice and equinox marked sig¬ 
nificant changes in the routine affairs 
of man, governed from on high. It was 
inevitable that a sun-god should rise to 
highest rank among deities. Sun wor¬ 
ship may have been twenty centuries 
old when reorganized in Egypt by the 
pharaoh Amenhotep III before 1360 
B.c. A moon-goddess or planetary dei¬ 
ties commonly supplemented sun wor¬ 
ship. The coming or prevention of rain, 
wind, thunder, or flood might be regu¬ 
lated by petition to the sky-gods. 


Severe storms or unusual fiu«. 
in wind, temperature, or preeij: 
may change the value of a site of hao. 
tation appreciably within a short time. 
Every marginal agricultural belt has a 
liistory of alternations between times 
of prosperity, when rain is abundant, 
and of destitution, when water supply 
diminishes to normal or less. The min¬ 
ing of water—drawing upon accumu¬ 
lated supplies at rates exceeding those 
of replenishment—may serve as a pal¬ 
liative, but in the long run man must 
adjust his ways to resources at hand. 
Iwen technical advances such as large- 
scale distillation of sea water promise 
little relief to agriculture in arid re¬ 
gions. 

laving organisms exhibit varying de¬ 
grees of toughness and endurance in 
the face of adversity. Distributional 
ranges, whether natural or cultural, ex¬ 
tend from areas characterized more or 
less by optimal conditions to limits de¬ 
termined by various factors at variance 
with the optima. As a rule, the mean 
experience in any factor has less mean¬ 
ing than the frequency with which ad¬ 
verse conditions occur. The probabil¬ 
ity that most of the citrus trees will be 
killed once in fifty years is not suflScient 
to prohibit the raising of oranges com¬ 
mercially near the mouth of the Missis¬ 
sippi River; but inland, where the fre¬ 
quency of disaster caused by killing 
frost may be as often as once in ten 
years, man appraises the risk as exces¬ 
sive. 

The spread of natural vegetation to¬ 
ward limits set by heat, cold, dryness, 
or windiness may be quite independent 
of the appraisals of man but operates 
in a similar manner. If the limiting fac¬ 
tor is a season too cold for the matur¬ 
ing of individual plants, for example, 
and such seasons occur commonly 
enough to prevent the establishment of 
a species beyond a given zone, the dis¬ 
tributional range is as firmly controlled 
as if by man’s judgment. The limits of 
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a distributional range may be likened 
to a battle, in which individuals move 
forward during favorable seasons as 
seeds germinate successfully ahead of 
the general front. A succession of favor¬ 
able seasons may result in a considera¬ 
ble advance along the front, hut tlic oc¬ 
currence of a single unfavorable st'ason 
may not only destroy the vanguard but 
also drive the main line well back of its 
original position. Whether it be the 
most poleward trees of the^ taiga, the 
position of the cold or the dry timber 
line, or tlie boundary betw(*en tree- 
covered plains and adjacent steppe, the 
limits are set by endurance to adversity, 
and crucial tests depend on extreme, 
rather than average, climatic years. 
Man has succeeded in breeding a few 
domestic crops, such as rapidly matur¬ 
ing wheat or cotton, that cope succe.ss- 
fully with limited degr<^cs of climatic 
adversity, and his activities may extend 
grasslands bc^yond their original limits; 
but, on the whole, natural vc'getation is 
distributed according to patterns deter¬ 
mined by climates and relief features 
rather than by the desires of man. 

The distribution of typical desert, 
steppe, or other significant type of cli¬ 
mate is never precisely the same in suc¬ 
cessive years. Drought typical of the 
desert may extend broadly across the 
adjacent steppe one year, while precip¬ 
itation characteristic of the outer, wet¬ 
ter margin of the steppe may reach 
some part of the desert the next year. 

A map of the climates of the continents 
based on occurrences of 1954 would not 
duplicate one based on records of 1953, 
even though all criteria of classification 
were identical. A satisfactory method 
of mapping climatic distribution em¬ 
ploys median, rather than mean, values 
and median climatic year experience. 
But there may be better ways; for ex¬ 
ample, frequency of departure beyond 
quartile or other limits deserves careful 
study. The fictional value of mean rain¬ 
fall, one of the most significant climatic 


elements, is illustrated by the fact that 
any given place is practically certain 
to receive less than its mean in more 
than half of all years. This is a natural 
consequence of variability between lim¬ 
iting values approaching zero in one 
direction and extraordinary values in 
the other, which distort the means up¬ 
ward. 

Man ordinarily faces his climatic en¬ 
vironment passively. He may air-con¬ 
dition his home, irrigate his fields, seed 
clouds, plant windbreaks, or in other 
ways alleviate some deficiency or other; 
but in the long run his endurance is 
likely to yield, so that he adjusts him¬ 
self to the inevitable or plans in terms 
of calculated risks. Pie copes not only 
with direct effects, such as actual rain¬ 
fall, but also with many secondary con¬ 
sequences. For example, if the disap¬ 
pearance of an advanced civilization 
from parts of Middle America was as¬ 
sociated with increased precipitation, 
it was not the rain itself that caused the 
retreat or the inability to maintain old 
ways so much as the flourishing of rank 
vegetation, insect populations, or path¬ 
ogenic organisms. 

Now and then man acts promptly 
and decisively when afflicted by some 
catastrophic event, such as a terrific 
storm. Isle Derniere, which for many 
years was a favorite resort for residents 
of New Orleans, has remained unused 
since being ravished by a hurricane 
about a century ago. Breton Island to 
the east, a thriving community for 
many years, has remained unpopulated 
since being evacuated in advance of a 
hurricane in 1915. But such radical 
changes are ordinarily limited to places 
which had somewhat marginal value to 
begin with. The drowning of six thou¬ 
sand people by sea waves in 1900 failed 
to prevent Galveston from becoming a 
thriving city and surviving lesser catas¬ 
trophes in later years. The inhabitants 
of Kyushu and many other places have 
learned to escape typhoons by building 



Environmental Changes through Forces Independent of Man 459 


their structures in sheltered locations, 
high enough above shores to avoid the 
brunt of wind and wave. Bengal in¬ 
creases rapidly in population in spite of 
Hoods that killed seventy thousand in 
1864, two hundred and Hi teen thousand 
in 1875, and forty thousand in 1940. 

The tornado of the central United 
States is a more violent cyclonic dis¬ 
turbance than the hurricane. During a 
single month in 1893 more than three 
thousand people were killed by a suc¬ 
cession of these storms. In March, 1925, 
eight hundred were killed and thirteen 
thousand injured. The average year 
brings a hundred and fifty tornadoes, 
which cost well over two hundred lives 
and result in more than $14,000,000 
property damage. Storms appear in the 
central part of the tornado belt with 
sufficient frequency to account for ‘‘cy¬ 
clone cellars'* and other means of pro¬ 
tection. But few persons appear to have 
appraised the risk as sufficiently serious 
to warrant their leaving the region, 
though it may be probable that torna¬ 
does have influenced many against set¬ 
tling there. It seems to be a human 
trait—and a fortunate one—to fear the 
other person's disaster, not one's own. 
Kansans at times express reluctance 
even to visit California, where they 
might risk the consequences of an 
earthquake, while Californians often 
wonder why Kansas is inhabited, when 
warm weather brings the possibility of 
the world's most destructive winds. As 
a rule, people are more inclined to re¬ 
main and rebuild than leave a region 
subject to repeated disaster, whatever 
its origin. Man endeavors to be endur¬ 
ing and tough when confronted with 
adversity. 

Winds of less than storm velocities 
are of utmost consequence to man. A 
sharp differentiation between windward 
and leeward landscapes is strikingly ex¬ 
hibited in trade-wind islands, and rain- 
shadow effects exist in the lee of up¬ 
lands in all latitudes. Even the less per¬ 


sistent mistral that blows dewn the 
Rhone Valley has caused the Guardians 
of the Camargue to evolve a curious 
type of house—more or less streamlined, 
with prowlike front toward, and flat 
face with outer door and windows 
away from, the wind. On the High 
Plains weather-stripping windows and 
doors diminishes the dust that acciiTUu- 
lates within houses during “black north¬ 
ers," when mail carriers don goggles 
and many activities come to a stand¬ 
still. Low temperatures associated with 
such winds create blizzards in the north 
and even as far away as coastal Texas 
prove fatal to hungry cattle in unpro¬ 
tected marshes, while bringing wide¬ 
spread destruction to less robust typers 
of plants. The afternoon sea breeze 
.shears trees, limits distributions of 
plants, and brings moist, saline air to 
corrode metals and increase deprecia¬ 
tion costs of buildings and machines. 
Sea-moistened air also accounts for 
unu.sual vegetational assemblages in 
places such as West Coast deserts and 
benefits activities such as cotton-spin¬ 
ning in Lancashire and Bombay. The 
greatest beneficial effect of the wind, 
however, is the drifting of moisture 
from ocean toward continental interior, 
making possible the existence of life 
away from coasts. 

From the standpoint of man, optimal 
climatic conditions closely approximate 
the averages experienced on the earth's 
surface. Atmo.spheric pressure charac¬ 
teristic of mean land elevation, precip¬ 
itation of about 30 inches annually— 
quite evenly distributed seasonally or 
with a summer maximum—and absolute 
temperatures from about 253 to 313 de¬ 
grees represent the ideal. This is not a 
matter of chance. Man was certain to 
be best adapted to the environmental 
conditions under which he evolved. He 
endures varying departures with some 
success, either on a temporary or on a 
permanent basis. Certain human groups 
have become thoroughly conditioned to 




life at elevations in excess of 15,000 
feet, but the physiological makeup of 
most men is such that body functions 
falter under exposure to the low pres¬ 
sure at that Jt‘vc*i and fail completely in 
somewhat mon? rarefied air. The heat 
tole‘rance is really an iiisignificant frac¬ 
tion of the range between absolute zero 
and the temperature of the suns sur¬ 
face. Death or other serious conse¬ 
quences result from prolonged expo¬ 
sure to either cold or heat approximat¬ 
ing the limits of the acceptable range 
indicated. Unfavorable precipitation, 
storininess, windincss, or insolation are 


the drowning of a hundred thousand 
people ill 122S. The 1953 Netherlands 
Rood covered 4.6 per cent of the coun¬ 
try and 5.7 per cent of its cultivated 
land, drowned eighteen hundred per¬ 
sons, and caused a hundred thousand 
to evacuate their homes. Saint Eliza¬ 
beth’s flood of 1421 drowned ten thou¬ 
sand. Subsidence at a rate of about 1 
foot per century expanded Lake Flevo 
of Caesar’s time into the broad Zuider 
Zee, which man reclaims only with 
greatest difficulty and possibly only 
temporarily. 

One of the curious things about 


tolerated quite well but with greater 
difficulty as departures from the earth’s 
averages increase. 

FLOOD 


floods is their destructiveness in arid 
rt'gions. A popular misconception re¬ 
lates desert floods to cloudbursts, but a 
strict application of Humphreys’ defini¬ 
tion (1940)—rainfall at a rate of about 


Flood and drought rank foremost 
among eai th tragedies. Some three hun¬ 
dred thousand persons perished during 
the Hwang Ho flood of 1642. It is esti¬ 
mated that a hundred thousand died 
during the Hwang IIo flood of 1887 and 
iis many during the Yangtze flood of 
1911. Food sufficient to sustain ten mil¬ 
lion people is destroyed by floods along 
the rivers of northern China during the 
average year, but in the same region it 
is also estimated that thirteen million 
died from hunger resulting from 
drought in the three years 1876-79. In 
1939 ten million Chinese starved, 
drowned, or were kdt homeless as a 
consequence of flood. Though damage 
can bo reduced, even the most ad¬ 
vanced engineering works fail to elimi¬ 
nate flood dangers. Notwithstanding 
elaborate flood-control measures, floods 
claimed 732 lives in Ohio and Indiana 


4 inches per hour or its equivalent—ap¬ 
parently denies any desert the experi¬ 
ence of a cloudburst. It is well estab¬ 
lished that intensities of excessive pre¬ 
cipitation vary closely with total 
amounts: the wettest places have the 
heaviest rains, and dry places are not 
subject to impressive downpours. But 
even the mild rains of the desert com¬ 
monly result in violent floods. Slopes 
are steep, surfaces are barren, runoff is 
rapid, and water readily rises to flow 
with torrential swiftness along well- 
prepared channels or to spread across 
smoother slopes. Nogales, in arid south¬ 
ern Arizona, and Mitchell and Hepp- 
ncr, in the Oregon steppe, have experi¬ 
enced drownings occasioned by floods. 
One does well to scramble up the walls 
of a box canyon in southern Nevada 
when a heavy cloud appears. The For- 


in 1913, and some 250 drowned along 
the Allegheny, Ohio, and Mississippi 
rivers in 1939. 

Many floods arrive from the sea. 
Slowly subsiding coastal plains are par- 
ticularlv vulnerable. The lowering and 
gradually disappearing Frisian Islands 
have experienced such catastrophes as 


eign Legion prohibits camping in the 
beds of wadies, however clear the sky. 
During the summer of 1952,1 witnessed 
a sharply localized flood on the north¬ 
ern side of the western Sahara. Though 
it is improbable that the rainfall any¬ 
where amounted to as much as one- 
tenth of an inch, a flash flood suddenly 
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appeared in a wadi and in a few min¬ 
utes completely destroyed a thick slab 
of concrete—a Moroccan version of an 
“Arizona bridge” or “dip.” 

When service is interrupted by floods 
along the direct railroad between New 
Orleans and Los Angeles, the cause is 
usually not the excessive rainfall of 
Louisiana, where hardly a year passes 
without many cloudbursts and where 
rains in excess of 20 inches per day are 
experienced at times, but ordinarily a 
lesult of tracks being washed away 
somewhere to the west of Texas—most 
commonly in the Colorado Desert of 
southern Arizona and southeastern Cal¬ 
ifornia. Cloudbursts seldom occasion 
serious damage in Louisiana or other 
places where rainfall is torrential, for 
the reason that soils, slopes, and vege¬ 
tation are thoroughly conditioned for 
them. But in semiarid southern Califor¬ 
nia even a small rain may cause disas¬ 
ter, as in 1953, when twenty-one per¬ 
sons were killed and two thousand 
made homeless. There are many more 
miles of dikes protecting roads and rail¬ 
roads in the American Southwest than 
in the well-watered lower Mississippi 
Valley. In the Southwest it is consid¬ 
ered prudent to construct “dips” across 
watercourses which, though dry most 
of the time, are capable of destroying 
practically any conventional bridge as 
a result of a single, modest rain. 

Closely related to floods are damag¬ 
ing mudflows and other types of mass 
movement of wet or unstable debris. 
The Goldau debris slide of 1860 killed 
457 persons, and in 1951 more than 
200 fatalities resulted from ava¬ 
lanches in the Alps. Even the gradual 
slumping of unstable foundation ma¬ 
terials or the slow subsidence under the 
weight of structures distorts buildings, 
disrupts traffic along roads, and results 
in other types of property damage, 
such as breaking water pipes or distort¬ 
ing hillside fences. 


EXPLOSION AND MAGMA 

If, as in most cases, man remains 
passive when facing the consequences 
of climatic or weather phenomena, he 
at least has the option of migrating to 
places where a more certain livelihood 
awaits him. But from the possibility of 
bombardment from space he has no 
protection whatever. Some twenty mil 
lion meteorites reach the earth’s atmos¬ 
phere daily, and on the average of 
once in five days a solid visitor from 
space reaches the ground. While it is 
possible that several large craters are 
sears of meteoritic impacts, and while 
a number of narrow escapes are on 
record, such as a direct hit on an Ala¬ 
bama farmhouse in December, 1954, 
there seems to be no proof that anyone 
as yet has had the misfortune of being 
killed. Not without some probability, 
however, looms the specter of some 
huge mass of spatial material striking 
a city—with results as tragic as those 
which might accompany a man-devised 
thermonuclear reaction. And, eventual¬ 
ly, life may be extinguished complete¬ 
ly in this way rather than having to 
await more orderly, extremely slow re¬ 
frigeration or incineration in keeping 
with normal astronomical jDrocesses. 

Not negligible is the possibility of 
being blown to eternity for the in¬ 
habitants of craters and sides of dor¬ 
mant volcanoes. Neither Greek nor 
Roman preserved any tradition con¬ 
cerning the activity of Vesuvius, nor 
were the inhabitants of Pompeii, Her¬ 
culaneum, or Stabiae aware that earth¬ 
quakes starting in a.d. 63 presaged one 
of the most spectacular volcanic ex¬ 
plosions of history. Sixteen years later 
some thirty thousand people were 
buried under volcanic debris. Vesuvius 
has remained intermittently active since 
A.D. 79, at times with tragic results, as 
in 1631, when eighteen thousand peo¬ 
ple were killed. Sicilian Etna bursts in¬ 
to activity every five years or so, but 
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whiJe lavas pour dowu its sides, at 
times to engulf villages, as in 1929, the 
loss of life is ordinarily negligible, and 
property damugc is small in comparison 
with that caused by explosive volca¬ 
noes. In 1669, Etna lavas advanced 13 
miles in twenty days~a rate of 162 feet 
per hour. Man escapes from paths of 
flowing lava, as a rule, but is less suc¬ 
cessful when debris falls from the air. 
Even peaceful Etna, however, is respon¬ 
sible for many tragedies. Earthquakes 
associated with its activity in 1693 killed 
some sixty thousand persons. 

Mount Pelee, on the island of Mar¬ 
tinique, after lying dormant since 1851, 
suddenly blew a vent through its side 
in 1902 and, after a number of violent 
explosions, discharged a cloud of super¬ 
heated gas, dust, and rocks having an 
estimated temperature of 1,500° F. di¬ 
rectly into the city of Saint Pierre. Trav- 
tding 3 miles in 2 minutes, this cloud 
instantly suffocated tliirty thousand pc'o- 
ple. Mount Tambora, to the east of Java, 
blc^w some 30 or more cubic miles of 
rock and dust into the atmosphere in 
1815-thc equivalent of one hundred 
and eighty-five mountains the size of 
\esuvius. Places near by experienced 
complete darkness for three days To- 


* - viay^>. XU- 

Rether with debris discharged from 
Mayon, Luzon, in 1814, the dust floated 
m the upper atmosphere and spread 
out on a globe-encircling basis to blan- 
ff earths surface from in.solation so 
effectively that the year 1815 has gone 
down in history as lacking a summer. 
Coscguina, Nicaragua, brought dark¬ 
ness to an area vrithin 35 miles from 
Its vent in 1835 and spread appreciable 
quantities of volcanic dust as far as 
Jamaica, lOO miles away. Glass shards 
which now , accumulate on the beach 


da Strait, was about two-thirds blown 
away, leaving water 1,000 feet deep 
where formerly there had been land. 
The volcano had been dormant for a 
century and gave little warning of the 
impending eruption. A cubic mile of 
rock and enough dust to redden sun¬ 
sets iiround the world for a year or two 
were blown into the air with a report 
-sfrong enough to break windows JOG 
miles away and loud enough to be 
be ard 2,200 miles away in Australia 
and 3,000 miles away at Rodriguez Is¬ 
land in the Indian Ocean. The accom¬ 
panying sea wave attained an estimaf- 
c'd height of 135 feet along the shores 
of near-by Java. Nearly forty thousand 
j)oo23le were drowned, and over three 
hundred villages were demolished. 

On several occasions man has wit¬ 
nessed the building of volcanic hills or 
islands within a matter of months or 
very few years. Parts of Monte Nuevo 
west of Naples, which rose to a height 
of 440 feet when created in 1538, arc 
visible today. Less permanent was Gra¬ 
ham Island, south of Sicily, which in 
1831 built from a bottom 800 feet deep 
into an island 200 feet high, with a cir¬ 
cumference of 3 miles—in less than a 
month. All that remains today is a Med- 


iterranean shoal. Camiguin Island, 
north of Mindanao, added over 1,900 
feet to its height in four year.s, .startino- 
in 1871. ” 

Mexico offers several examples of the 
birth of volcanic cones, some of which 
have risen above cornfields. Torullo 
1759; Pochutla, 1870; Ajusco, 1881; and 
Pancutin have all been created before 
the eyes of man. The latter, a satellite 
of inactive Tancitaro, rose 300 feet dur¬ 
ing the first five days following its crea- 
ti<m in 1943. Within a year it attained 
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years ago^ 'fased abruptly, and it is now thougS^ 

One of the most spectacular extinct. But there is lit- 

explosions of historic time occurred in vicinity 

1883, when Krakatau, an island in Sun experience a similar outburst be- 

, an I.siand m Sun- fore many decades have elapsed. 
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The disaster aspect of volcanoes ex¬ 
cites the imagination, but of much 
greater significance are the beneficial 
results of igneous activity. Slow accu¬ 
mulation of the greatest mass of lava 
on earth created the Hawaiian Islands, 
which are densely populated in spite 
of the fact that they are still growing. 
Flows of lava have pushed downslope 
as far as 40 miles in the presence of 
eye-witnesses. Trees near by remained 
unscorched. Though .some lavas and 
ejected materials remain sterile for cen¬ 
turies, others rapidly dev('lop produc¬ 
tive soils, and soils derived from older 
lavas are commonly valuable, as in the 
Regur region of India or the Columbia 
River plateaus of the United States. 
Some seventy thousand people farm the 
crater of Mount Aso, Kyushu, and th(‘ 
slopes of Etna have attracted the cul¬ 
tivator for many centuries. 

To igneous activities man must grate¬ 
fully acknowledge the accumulation of 
many valuable mineral resources. Some 
form rapidly, and at times within man’s 
sight, as in the case of sulfur from vents 
or of residual salts from hot springs. 
But the most important depositional 
activities—those responsible for many 
of our most important metal deposits— 
accumulate slowly, as magmas and gases 
move at depth, below the surface. 

EARTHQUAKK 

It is estimated that a hundred and 
fifty thousand earthquakes occur an¬ 
nually. Of these, about a hundred may 
be destructive locally, one or two caus¬ 
ing spectacular damage. A few earth¬ 
quakes are associated with volcanic ac¬ 
tivity, but nearly all are the result of 
rock blocks on opposed sides of faults 
grinding past each other as the earth’s 
crust seeks to attain a more perfect 
equilibrium through relief from gradu¬ 
ally accumulating stresses. The causes 
of stress are matters of speculation. 

The Assam earthquake of 1897 was 
felt over an area of 1,700,000 square 


miles and brought complete di stnu- 
tion to buildings within an epicentral 
district of 9,000 square miles. Tlie Lis¬ 
bon earthquake of 1755 was felt from 
Ireland to Morocco, over an area of 
500,000 square miles. Other widely fell 
earthquakes include the Kansu, 1920, 
000,000 square miles; San Francisco, 
1906, 375,000; Kwanto, 1923, 160,000; 
and Mino-Owari, 1891, 120,000. 

The Yakutat Bay, Alaska, earthquake 
of 1899 resulted in a vertical displace¬ 
ment of rock amounting to about 50 
IV'ct. This record "throw” is thought to 
approacli the maximum offset possible 
dtiring a single earthquake. The limit¬ 
ing value of frictional resistance of 
blocks pressed together along faults or 
of the initial strength of rock sets limits 
beyond which crust-distorting stresses 
cannot accumulate; when a critical 
])oint is reached, the blocks are offset, 
and an earthquake occurs. The Assam 
displacement was 33 feet. That during 
(he Bavispe, Sonora, earthquake of 1887 
was 26 feet. The San Francisco earth¬ 
quake accompanied a horizontal dis¬ 
placement of 22 feet, and the Owens 
Valley, California, earthquake of 1872 
not only added a slight increment to the 
general rising of the Sierra Nevada but 
also was associated with a horizontal 
offset of 18 feet. The rocks shear, the 
earth trembles, and disasters occur 
within brief intervals of time. In Japan 
it has been found that the average du¬ 
ration of an earthquake is 8 seconds. 
Some major earthquakes appear with¬ 
out warning, but as a rule they are 
preceded by minor tremors and fol¬ 
lowed by numerous aftershocks. 

Nearly a hundred and fifty thousand 
people were killed as a result of the 
Kwanto earthquake, but, as in the case 
of similar disasters, the direct causes ol 
tragedy were secondary results of the 
earth's geological activity. Fire and sea 
wave accounted for most of the deaths 
Collapse of buildings was a minor cause, 
but, in spite of tales to the contrary, no 
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, srdiwvnts also have the effect of damp- 
shack waves. Alluvial sites close 
t,, bedrock are particularly dangerous, 
as in the ease of man-made land in San 
Francisco, or valley fill under Santa 
J^osa, during the earthquake of 1906. 
Hut in the Long Beach earthquake of 
1933 there was insignificant damage at 
Balboa and Newport Beach—towns built 
on a sand bar—while near-by Costa 
M{‘sa, with a more substantial founda¬ 
tion, suffered severely. Alluvial Louisi¬ 
ana is one of the least seismic parts of 
(he United Stales, and in 1886 the al- 
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The i) earthquake of 1920 killed 
aboui a iiimdred thousand persons, 
mainly for the reasoi^ tliat they occu¬ 
pied dwellings cawed in loess. A sc- 
v(Me earthquake se\'on years later did 
little harm, because cave dwellings sur¬ 
viving the 1920 shocks withstood those 
to follow. The Messina earthquake of 
1908 reaped a similar toll for the rea¬ 
son that hniJdings which were? poorly 
constructed originally had been weak¬ 
ened hv lesser shocks in 1894, 1905, 
and 1907. The Lisbon earthquake of 
17/5 killed som<‘ sixty thousand, the 
chief causes of death being fire and 
sea wave, but collapse of buildings ac¬ 
counted for many deaths in Madeira 
and even as far a\\ av as Fes, Morocco. 
Many earthquakes fail io rcxOize their 
potential destructiveness. The Bihar- 
Orissa-Nepal earthquake of 1934 killed 
7,250 persons, but, had it oeeurred at 
night, when most of the population 
slept in the dwellings that actually col¬ 
lapsed, the total could well have 
reached a hundred thousand. 

While it is true that alluvium com¬ 
monly develops spectacular fissures, 
shakes longer, and at times localizes 
earthquake damage, unconsolidated 


luvium of the lower Mississippi Valley 
sharply limited the area affected by the 
Cfliarlcston earthquake. A bad reputa¬ 
tion, resulting from the destructiveness 
of the Assam earthquake and a number 
of poorly founded notions rt'garding the 
N(‘w Madrid earthquakes of 1811—12, is 
r('ally undeserved by alluvial areas. In 
IxHh these cases the intensities of 
shocks depended on the presence of 
near-by bedrock. 

In an effort to avoid earthquake de¬ 
struction man has gone to such lengths 
as moving cities. In 1642, Port Royal, 
Jamaica, had 75 per cent of its build¬ 
ings destroyed. As its successor, Kings¬ 
ton arose .some distance away, only to 
suffer 85 per cent destruction in 1907. 
I'he most effective protection against 
'arthquako damage stems from learn¬ 
ing how to live in a scnsmic region. 
.\fter a disastrous earthquake in Tokyo 
in 1896, the Japanese carefully studied 
mc'ans of reducing loss of life and prop- 
('itv damage. Comparative safety was 
achieved by adopting building codes 
whi^h added some 10-15 per cent to 
costs of construction. False fronts, over¬ 
hanging cornices, and designs involv¬ 
ing the abutment of one type of con¬ 
struction against another should be pro¬ 
hibited in all scusmic regions. Wooden 
structures, however safe from collapse, 
arc serious hazards from the stand¬ 
point of fire. Personal behavior needs 
cori'cction. Chimneys that fail at the 
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roof line cause many fatalities among 
people who rush out of comparatively 
safe buildings in a state of panic. The 
most dangerous area in a city is a down¬ 
town sidewalk or street. 

During the earthquake of 1939 in 
Anatoha, two-thirds of the people of 
Adapazari lost their lives because they 
occupied buildings covered by heavy 
tile roofs that crushed supporting 
frameworks when shaken. A death toll 
of a hundred thousand in northern Tur¬ 
key was for the most part unnecessary 
but will undoubtedly be repeated, for 
the reason that throughout this highly 
seismic belt people persist in roofing 
their houses with thick tiles or heavy 
slabs of stone. Italian earthquakes are 
ordinarily highly destructive, because 
structures are so commonly built of 
rounded stones which are bound to¬ 
gether by ineffective mortar. While man 
can prevent neither rocks from shear¬ 
ing nor volcanoes from exploding, he 
could go far toward reducing the tragic 
consequences of such events by reform¬ 
ing his ways. 

Man can do little about tsunami oth¬ 
er than attempt escape. These seismic 
sea waves, generated at a time of earth¬ 
quake, resemble volcanic sea waves and 
other abrupt disturbances of sea level 
in bringing destruction and heavy loss 
of life along shores. An average of more 
than one occurs annually, and in 1918 
there were five. The rise of level is 
slight in open ocean, but the velocity 
of the wave is astonishing, and its 
amplitude increases toward coasts, so 
that ships have been washed far ashore. 
The frigate “Swan” was thrust to an 
inland position during the Port Royal 
earthquake of 1692, and huge blocks 
of masonry were hurled against build¬ 
ings in Lisbon in 1755. Widespread 
flooding occurs at times, as in Chile in 
1922, when the height of the tsunami 
reached 100 feet. The Kwanto wave 
was 35 feet high; the Messina wave, 
30 feet. Tsunami spread widely and 


travel rapidly. The Chilean wave ot 
1922 was felt on all shores of the Pa¬ 
cific. A wave starting from Unimak, 
Alaska, in 1946, reached Honolulu in 4 
hours, 34 minutes, progressing at an 
average rate of 490 miles per hour. Tlie 
first warning of a tsunami is an ebb of 
water. In 1896 the fall went well be¬ 
low the limits of extreme low tide, and 
40 minutes elapsed before a 100-foot 
wave appeared, to spread across low¬ 
lands toward Tokyo and drown more 
than twenty-seven thousand persons. 

The tragic consequences of earth 
displacements affect man severely and 
abruptly, but of even greater conse¬ 
quence over long periods of time, such 
as a significant part of man's residence 
on earth, are the topographical changes 
of which they are manifestations. Now 
and then an escarpment formed during 
an earthquake may become a local an¬ 
noyance, but the cumulative effects of 
such crustal movements, each ranging 
from small fractions of an inch to sev¬ 
eral tens of feet, may create mountain 
ranges or deep depressions which bring 
marked modifications in climatic pat¬ 
terns and profound changes in habitat 
values. Matthes (1942) has attributed 
an important stage of local glaciation 
to uplift of the Sierra Nevada which 
occurred well within man's time on 
earth. Every high mountain range on 
earth today owes its elevation to the 
fact that it is actively growing. 

GEOMORPHOGENY 

The Davisian concept of the geo¬ 
graphical cycle confused many observ¬ 
ers who attempted to apply its theories 
to natural landscapes, because they 
were not aware of isostatic adjustments 
that affect all uplifted areas. The ini¬ 
tial rise of mountains is undoubtedly 
rapid, as Davis (1899) postulated, but 
during their degradation each reduc¬ 
tion in general elevation of 1 foot must 
involve a rise of the underlying rock 
column of some 9-11 feet. This isostatic 
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compensation has the i‘fieet ot prolong¬ 
ing the stage of maturity, so that sharp 
ridges and deep valleys characterize 
mountain ranges for enoriuons intervals 
of time. Periods on the order of the 
k'ligth of the Paleozoic era are required 
to reduce th(‘ general relic! sufficiently 
tf) degrade' a mountain range to near- 
Hatness. By that time, all, or practically 
all, the original sedimentary rock sec¬ 
tion which "comprised the initial moun¬ 
tains will have been removed, and parts 
of the roek column that originally lay 
many thousands of feet det‘p wall have 
]>een exposed to atmospheric forces and 
c'roded away. The trends and locations 
of ancient and extinct mountains are 
t'vidont to geologists in U'rms of linea- 
tions, inactive faults, and elongations of 
belts of granitic and inetamorphic 
rocks. The concept “peneplain*' is use¬ 
ful only when applied to old shield 
areas which were once occupied by 
mountain ranges. Geological time as yet 
has been insufficiently long to permit 
the development of a widc‘spread per¬ 
fect peneplain. 

Within man’s million years many 
mountain ranges have; increased nota¬ 
bly in elevation and have become some¬ 
what more rugged. But during that pe¬ 
riod there has been only insignificant 
reduction in the general relief of any 
large area. There have been spectacu¬ 
lar small-scale anomalit s. such as the 
disappearance of the spine of Mount 
Pelee, much of Krakatau, or of Bogo- 
slof Island; but these in\olve rock types, 
agencies, and processes which are not 
characteristic of the normal Davisian 
cycle. If from the start man had pos¬ 
sessed the mental facility and material 
facilities which he enjoys today, he 
could have, recorded an interesting his¬ 
tory of local relief; bnt only in limited 
areas generally w^lierc poorly consoli- 
ilated rock exists—would he have re¬ 
corded conspicuous ( xampics of den¬ 
udation or degradation. 


Mans contact with the processes of 
alluvial morphology has been intimate. 
Encroaching sand has driven him from 
habitable sites. He has seen advances 
of alluvium which have incorporated 
islands into the mainland, as around the 
shores of San Francisco Bay during the 
last century, and the growth of deltas 
w'ell past ins own seaports, as in the 
case of Ephesus or Miletus. He has ob¬ 
served reservoirs of his own making 
filled by sediment in distressingly brief 
intervals of time. 

Changes in river courses affect man 
severely and at times disastrously. 
When the Tarim River abruptly aban¬ 
doned its course eastward toward Lop 
Nor in favor of diversion southeastward 
toward Arghan, in a.d. 330, the Old 
Silk Road had to be abandoned, oasis 
dwellers either perished or escaped in 
haste, and the city of Lou-lan was 
promptly evacuated. In 1921, when the 
Tarim as abruptly experienced a sec¬ 
ond great diversion, back into its older 
channel, there was similar disaster 
along the course leading toward Ar- 
ghan. 

It was unfortunate that scientific ex¬ 
plorers interpreted ruins along the Lou- 
lan course of the Tarim as evidence of 
a climatic change. The imaginative ap¬ 
peal of a “dry heart of Asia” led to 
ready acceptance of a poorly founded 
thesis of migrations, based on controls 
of desiccation. In most marginal arid 
regions, populations shift according to 
minor fluctuations in precipitation, so 
that in places such as western Kansas, 
the Harney Basin of Oregon, or the 
steppes of Iran, cultural landscapes nor¬ 
mally include many abandoned dwell¬ 
ings or even deserted towns. Estimates 
of former populations are likely to be 
exaggerated, because appraisals based 
on numbers of habitations are likely to 
assume contemporaneous occupance of 
more dwellings than actually occurred 
at any one time. But the reason for 
abandonment is not always climatic. 
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Faulting may have ended the water 
supply of a particular oasis, water may 
have been mined to a degree which 
rendered further habitation impractica¬ 
ble, or, as in the case of the Tarim Ba¬ 
sin, a river may have shifted its course 
in obedience to some minor hydro- 
graphic control located far upstream. 
Of even greater consequence may have 
been the decisions of man himself. The 
orders of a ruler, the taboos of a reli¬ 
gion, or the appearance of a plague 
have undoubtedly driven man as far 
afield as climatic fluctuations of intensi> 
ties on up to glacial-interglacial mag¬ 
nitude. 

Even in well-watered lands river di¬ 
versions have dislocated human activi¬ 
ties profoundly. The shifting of the 
Hwang Ho from an outlet north of 
Shantung to one south of the peninsula 
in 1192, the return to courses north of 
Shantung in 1852, and the natural di¬ 
version to the south in 1938 resulted not 
only in immediate tragedies of flood, 
famine, and pestilence but also in land 
abandonment and widespread rear¬ 
rangements of population according to 
patterns determined by the availability 
of water. By the time of the last natu¬ 
ral diversion the Chinese had acquired 
the ability to dispute the whims of hy¬ 
drography so well that by 1947 the 
Hwang Ho was artificially returned to 
its northern course, leading to the Gulf 
of Po Hai. 

Geologists commonly and erroneous¬ 
ly have attributed river diversions to 
causes such as the extension of chan¬ 
nels along gradients too flat to permit 
delta growth beyond some assumed 
limit of advance. As a matter of fact, 
conditions near the coast ordinarily 
have little or nothing to do with the 
abandonment of one river channel in 
favor of some other route to the sea. 
All major diversions of the Hwang Ho 
occurred some 250 miles inland. The 
threatened diversion of the lower Mis¬ 
sissippi into the channel of the Atcha- 


falaya River involves a shift about that 
far from the Gulf of Mexico. A compli¬ 
cated history of delta advance near the 
head of the Adriatic Sea has resulted 
from diversions of the Po Valley chan¬ 
nels well back from the coast and whol 
ly independent of shore processes. The 
rise of Dordrecht, the creation of suc¬ 
cessive systems of natural levees that 
have become, in turn, the most favora¬ 
ble sites of habitation in Holland, the 
abandonment of large* tracts of land 
along the Schelde in Belgium, and 
many similar developments caused by 
changes in lower Rhine or Maas courses 
have resulted from diversions occur¬ 
ring 100 or more miles inland. Though 
coastal subsidence has added to the 
complexities of recent river history of 
the Low Countries, the submergence of 
any localized coastal tract is never the 
determining factor in the origin of a 
new river outlet. Diversions depend on 
hydrographic circumstances at local¬ 
ized points which are commonly situ¬ 
ated well upstream. On a grand scale 
the huge discharge of the Mississippi 
River could not be the result of subsid¬ 
ence along the I^ouisiana coast. That 
the Ohio, Missouri, and other large riv¬ 
ers are tributary to the Mississippi de¬ 
pends on very minor topographic con¬ 
ditions within the continental interior. 

EVOLUTION 

In their slowness and general free¬ 
dom from the interference of man, evo¬ 
lutionary processes somewhat resemble 
those of geology. Man's environment 
has changed in accordance with eco¬ 
logical developments accompanying 
plant and animal evolution. Man, how¬ 
ever, gradually learned that selective 
breeding might result in the increase or 
decrease in populations of specific plant 
and animal mutants. More recently, 
through an application of various forms 
of short-wave energy or of chemicals, 
he has learned to accelerate, or possi¬ 
bly distort, evolutionary processes with 
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a result that, instead of ilrpcnding on trol of such maladies^ the trend has 
nature to supply new types of plants been interrupted at times by the ap- 
and animals, his own decisions are be- pearance of epidemics. Whether im- 
coming a controlling factor. provements in sanitation, discoveries of 

Now that man has started to control drugs and antibiotics, and other ad~ 
evolution, his own development may vanccs will really combat successfully 
proceed in various directions. Will he the development of new pathogenic or- 
apply to himself his knowledge of ge- ganisms is one of the most fundamen- 
netics? Will his newly acquired mobil- tal questions faced by man. The next 
ity result in the disappearance of races? year could bring a new virus or amoeba 


Will his physical dctt'rioration at length 
destroy his ability to survive? Will his 
mental ability, coupled with physical 
decline, alter him toward *‘an ultimate 
colloid,” a domineering brain which so 
completely controls environmental proc¬ 
esses that its own physical require¬ 
ments become negligible? Or will he 
charge the atmosphere with deadly 
particles, or pry into the atom one step 
too far, and bring about his own com- 
j)lete destruction? 

llie evolution of pathogenic organ¬ 
isms is possibly the most serious threat 
to man’s survival. Whether locally 
< volved or introduced from elsewhere, 
it was presumably a new organism that 
wiped out one-third of the population 
of Ireland in 1202-4 or which brouglit 
the Black Death that halved the popu¬ 
lation of Great Britain during the four- 
tef'iith century. This latter tragedy was 
proportionately as severe as the fam- 
iiH' caused by excessive precipitation in 
Ir(4and, which dropped the population 
fr(^m more than eight million to about 
four million between 1845 and 1850. 
Londons plague of 1665 caused sixty- 
eight thousand deaths, and many other 
epidemics rank liigh among human dis¬ 
asters. The southeastern United States 
was almost depopulated between the 
time of Do Soto and that of Marquette, 
presumably by disease. Infectious dis¬ 
eases caused one-third of all deaths in 
the United Stati's in 1900. Although a 
reduction of about 40 per cent in the 
crude death rate during the last half- 
century has resulted mainly from con- 


against which we have no immunity 
and for which there is no known con¬ 
trol. Examples affecting crops and ani¬ 
mals have been common. A new blight, 
rust, or borer suddenly appears, to end 
successful production of a commercial 
crop or to wipe out endemic species of 
plants. 

In a sense independent of man’s con¬ 
trol but yet a critical part of his total 
environment is man’s own evolution- 
physical, mental, and intellectual. Mu¬ 
tation, or kindred processes, has devel¬ 
oped racial differentiations which were 
accentuated so long as man was di¬ 
vided into relatively isolated groups. 
When one group came into contact with 
another, the effect was an environ¬ 
mental reaction at times more potent 
in changing ways of life than the disas¬ 
ter of earthquake or the slow effects of 
a pronounced climatic change. Assyrian, 
Roman, or Chinese invaded new lands, 
wiped out parts of existing populations, 
created new blends in racial stocks, or 
dominated the lives of others. Most 
striking of all have been the changes 
wrought by the New World revolution, 
which was born with the voyages of 
discovery and nurtured by the com¬ 
mercial revolution. European peoples 
and ways now reach widely over the 
earth at the expense of previously ex¬ 
isting peoples and cultures, most posi¬ 
tively where indigenous cultures were 
primitive. Proceeding with accelerated 
tempo in an age of science, the New 
World revolution threatens to end ra- 
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cial diversification and possibly to 
evolve techniques that will eliminate 
life from the globe. As a result of the 
drama in which man has briefly occu¬ 


pied the center of the stage, the earth 
mav return to a more normal routine of 
events—one more in keeping with the 
record of its geological past. 
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The Processes of Environmental 
Change by Man 

PAUL B. SEARS' 


MANS PLACK IN NATURE 

To understand and measure the 
change which man has produced in his 
environment, it is first necessary to view 
his place in nature. His flexibility as an 
organism is often emphasized, some¬ 
times being referred to as his “unspe¬ 
cialization.'* What is meant is his free¬ 
dom from evolutionary characteristics 
that would sharply restrict his activities 
and choice of habitat. That he is highly 
evolved cannot be questioned. Often 
overlooked is the fact that he exists by 
virtue of an environment which is itself 
highly evolved and specialized, having 
be^come so in the course of more than 
two billion years of earth history. 

The most obvious features of this 
specialized environment include the 
presence of an angiospenin flora—nota¬ 
bly gras.scs and legumes—and a mam¬ 
malian fauna dependent upon it. From 
these sources man is able to derive sus¬ 
tenance with an case and efficiency that 

* Dr. Sears is Cliairman of the Conserva¬ 
tion Program and Professor of Botany at Yale 
University, New Haven, Connecticut, and for 
1953—55 also Chairman of the Department of 
Plant Science. He has been president of the 
Nebraska Academy of Science, the Ohio Acad¬ 
emy of Science, and the Ecological Society of 
America and is prt'sidcnt for 1956-57 ol the 
American Association for the Advancement of 
Science. His present research interests are on 
Pleistocene vegetation, pollen analysis, and 
applied ecology. His works include: Deserts 
on the March, 1935; This Is Our World, 1937; 
and Charles Darwin: The 'Naturalist as a CuU 
tural Force, 1950. 


would have been inconceivable had he 
been surrounded only by organisms of 
the remote geological past. Hess ob¬ 
vious is the presence of a complex pop¬ 
ulation of microorganisms and inverte¬ 
brates which, among other functions, 
takes care of the breakdown of organic 
wastes and their return to chemical 
forms that can be reused to sustain life. 
Of major importance' also is the per¬ 
sistence of numerous species of gymno- 
sperms that, along with many kinds of 
woody angiosperms, furnish facilities 
without which man would have been 
severely handicapped throughout his 
existence. Indeed, that existence ap¬ 
pears to have hinged upon trees, for his 
arboreal ancestors were obliged to de¬ 
velop the free shoulder articulation, 
grasping hands, and stereoscopic vision 
which serve him so well. 

Least obvious, at any rate to modern 
urbanized man, is the effect of our pres¬ 
ent highly complex fauna and flora, or¬ 
ganized as they are into communities, 
upon the environment itself. Through 
reaction upon habitat these communi¬ 
ties not only insure an orderly cycle of 
material and energy transformations 
but also regulate the moisture economy, 
cushion the earth's surface against vio¬ 
lent physiographic change, and make 
possible the formation of soil. In short, 
man is dependent upon other organ¬ 
isms both for the immediate means of 
survival and for maintaining habitat 
conditions under which survival is pos¬ 
sible. 
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Man is also dependrnt upon min¬ 
erals, his consumption of the two used 
longest, water and stone, still ranking 
first by volume, llis present econonty 
rests chiefly upon flic use of fossil fuels 
and rnetals, both irregularly distributed 
and present in finite amounts. The fos¬ 
sil fuels, once used, can be restored 
only by the slow organic and tectonic 
process('s which formed them, while 
the use of metals results in the dissipa¬ 
tion of the* ore concentrations by which 
they have been made available to man. 
Their present convenicait form, hke the 
charactcT of the organic world, is the 
rt'sult of prolonged earth history be¬ 
fore the coming of man. Man is clearly 
the beneficiary of a very special en¬ 
vironment which has bt'cn a great while 
in the making. This environment is 
more than an inert stockroom. It is an 
active system, a pattern, and a process 
as well. Its value can be threatened by 
disruption no less than by depletion. 

Any species survives by virtue of its 
niche—the opportunity afforded it by 
environment. But in occupying its niche 
it also assumes a role in relation to its 
surroundings. For further survival it is 
necessary that the role at least not be a 
disruptive one. Thu.^ one generally finds 
in nature that each component of a 
highly organized community serves a 
constructive, or at any rate a stabiliz¬ 
ing, role. The habitat furnishes the 
niche, and, if any species breaks up the 
habitat, the niche goes with it. The 
guest who helps with the chores may 
prolong his stay, but the inconsiderate 
one may wreck the house. Systems or 
processes which involve organic activ¬ 
ity resemble purely physical systems in 
being expressions of thermodynamic 
law, tending to approach a condition 
of minimum stress and unbalance. But, 
since living systems arc active and dy¬ 
namic, they tend to approximate what 
is known as a steady state rather than 
a condition of repose. That is, to per¬ 
sist, they must be able to utilize radiant 


energy not merely to perform work but 
to maintain the working system in 
reasonably good order. This requires 
the presence of organisms adjusted to 
the habitat and to each other, so organ¬ 
ized as to make fullest use of the in¬ 
fluent radiation and to conserve for use 
and re-use the materials which the sys¬ 
tem requires. The degree to which a 
living community meets these condi¬ 
tions is therefore a test of its efficiency 
and stability. This gives us a criterion 
by which the effects of environmental 
change can be judged. 

While these principles have been 
shown to apply to what is generally 
called the world of nature, that is, the 
world apart from man, there is con¬ 
siderable resistance to the idea that 
they apply to him in any serious way. 
Much of this resistance is emotional, 
having its roots in that part of Judeo- 
Christian tradition which separates 
man from nature to a greater extent 
than perhaps was common in oriental 
and Mediterranean thought. Some of 
it certainly comes from those who re¬ 
sent, for whatever reasons, any warning 
sign along the road to a perpetually ex¬ 
panding economy. And surprisingly, 
perhaps, some resistance comes from 
scientists and technologists, especially 
those unacquainted with the general 
field that used to be called natural his¬ 
tory. In defense of this last group it 
must be said that they are as aware of 
still unexploited reserves as the ecolo¬ 
gist is of the existence of limiting fac¬ 
tors. And, in view of the fabulous re- 
.sults they have produced, they are per¬ 
haps less concerned with the law of di¬ 
minishing returns than their colleagues 
whose business it is to study the inter¬ 
relationship of life and environment. 
As responsible scientists, both groups 
have an obligation to collaborate and to 
weigh scrupulously any pronounce¬ 
ments, whether these be cautions or 
promises. Mankind is not well served 
either by hysteria or by false visions. 
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It will be shown subsequently that 
the changes induced by man, whether 
by sheer destruction or indirectly by 
accelerating natural processes, are prob¬ 
ably more serious to him than the so- 
called “natural changes” for which he 
is not responsible. 

MAN AS AN Af;ENT OF CHANGE 

Unfortunately, the situation is cloud¬ 
ed by a widespread confidence that this 
impact of man upon environment can 
continue indefinitely. We are told that 
the greatest resource is human re¬ 
sourcefulness and that ways and means 
will be found, through the applications 
of science and technology, to meet all 
emergencies as they arise. The econ¬ 
omy and the social and political policy 
of the United States are based upon 
this assumption of more and more, big¬ 
ger and better. The phrase “an expand¬ 
ing economy” is frequently heard with¬ 
out any qualifying explanation. 

It is true that we are far from the 
end of the rope. North of Mexico, 
America has great reserves of space 
and other essentials. Direct utilization 
of solar energy is a reasonable prob¬ 
ability and with it the tapping of now 
unavailable mineral resources in ig¬ 
neous rocks. There is no call to sell 
applied science short. On the other 
hand, there is no justification for writ¬ 
ing off the judgment of biologists, 
demographers, geologists, and anthro¬ 
pologists, all of whom have special 
competence with respect to the context 
of human activity—the broad but finite 
pattern within which man must 
operate. 

The Problem 

There are many interesting ap¬ 
proaches to the problem of man and 
his environment, and all, save perhaps 
the technological, seem to lead to the 
same conclusions. With this possible 
exception, these various approaches in¬ 
dicate that humanity should strive to¬ 


ward a condition of equilibrium with 
its environment. This is the verdict of 
ethics, aesthetics, and natural science. 
And, despite the prevalence of the idea 
of a continually expanding economy, it 
is probably the verdict of that branch 
of economic analysis known as account¬ 
ing. 

Accounting seeks to identify certain 
entities—assets, liabilities, income, ex¬ 
pense—and to construct therefrom its 
equations. It must be particularly care¬ 
ful to identify those changes in capital 
structure known as depreciation and 
not to confuse them with income. As¬ 
suming, therefore, that the physical en¬ 
vironment represents the basis of hu¬ 
manity's capital assets, the question be¬ 
comes: Does our levy upon it represent 
sustaining income in excess of expendi¬ 
ture, or has it been obtained through 
deterioration of the capital base, that 
is, through depreciation? 

By Way of Background 

An extensive literature upon man 
and his environment has appeared dur¬ 
ing the last twenty years, generally em- 
j)hasizing the extent and seriousness of 
depreciation of the capital structure. 
Useful examples include Osborn's The 
Limits of the Earth (1953) and Brown's 
The Challenge of Mans Future (1954), 
the former written from the viewpoint 
of a biologist, the latter from that of a 
geochemist. So far as I know, the evi¬ 
dence of neither has been countered di¬ 
rectly—that is, by demonstrating that hu¬ 
manity has not made serious inroads 
upon natural resources. The nearest ex¬ 
ceptions to this have taken the form of 
statements that vast mineral resources 
remain to be discovered, though at in¬ 
creasing cost, and that the production 
of food and fiber can be greatly in¬ 
creased by better methods. Both asser¬ 
tions are probably true. 

Rather has the rejoinder been in¬ 
direct. Thus Hanson, in 'New Worlds 
Emerging (1949), stresses the vast po- 
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tcntial of the tropics and the ocean, 
whiJe De Castro, writing The Geogra- 
jjhy of Hunger (J952), ad\'ances the 
thesis (a curious one to biologists) that 
ample diet will slow down the birth 
rate and so relievo population pressure. 
Fortunately, our task is one of ap¬ 
praisal, not of passing on the merits of 
prophecy. 

First, however, some comments on 
commercial economies arc in order. 
Early commerce was probably on the 
basis of mutual plenty—tin for glass, 
wine for fish, wheat for lumber. But 
with the growth of empire and other 
forms of power a trend developed 
which can still be observed between 
nations and even within them. The flow 
is from the sources of raw materials and 
cheap labor toward the centers of 
power—military, political, or economic. 
And because of this drainage there is 
often left too little energy, capacity, or 
capital at the source for the exploited 
to safeguard their own interests. The 
process tends to become purely extrac¬ 
tive, to the detriment of land capital. 
Interesting exceptions, not fully appre¬ 
ciated at both ends of the line, are cer¬ 
tain of our extra-territorial agricultural 
corporations whose net effect upon the 
economy of the countries where they 
work is constructive (Sears, 1953h). 
Unfortunately, the beneficiaries of this 
.system may say, “Es bueno, pero no es 
nuestro, and who can blame them? We 
all like the privilege of making our own 
mistakes. 

In spite of the recurring abuses of 
power throughout history, commerce 
and industry were until the Reforma¬ 
tion, in principle at least, subordinate 
to other cultural forces and restraints, 
notably religion. The extent to which 
they took the bit in their teeth after the 
industrial revolution is shown by the 
demand for an antitrust law at a time 
in our history when the most radical 
leaders were men who would now be 
considered sober conservatives. Today— 


again in principle—no one seriously 
questions the social responsibility of 
those engaged in commerce. Little 
would be gained if he did! 

Curiously, however, the very struc¬ 
ture of our modern economy, based as 
it is on mass production, intensifies the 
problem that here concerns us. Every¬ 
thing is geared to the speedy eonver- 
sion of raw materials into consumers* 
goods at a rate governed only—when it 
is governed—by the capacity of the 
public to buy. Presumably the public 
does not buy unless it needs, but there 
is sound, if sardonic, reason to believe 
that this is not always true. 

Compared to the efforts at conver¬ 
sion of raw materials, the effort to con¬ 
serve them is still relatively slight. But 
the growth of industrial enterprise is 
having a wholesome effect in some 
quarters. So much capital is being tied 
up that the larger concerns are begin¬ 
ning to think about their own perma¬ 
nence, and this in turn involves think¬ 
ing about the continuing future supply 
of raw materials. Banks and public 
utilities, both dependent upon general 
prosperity, are taking an active interest 
in soil and water conservation. Some of 
the larger lumber companies have 
adopted excellent sustained-yield plans. 
And national associations representing 
various economic interests are paying 
at least lip service, often a good deal 
more than that, to the restoration and 
preservation of resource capital. The 
occasional sounding of a sour note is 
no cause for alarm, since it serves to 
keep vigilant those who are deeply 
concerned with the problem. 

ENVIRONMENTAL CHANGES 
PRODUCED BY MAN 

The Increasing Intensity in 
Land Use 

The effect of man upon vegetation 
before the origin of agriculture and 
pastoral life is not known. The inci¬ 
dence of fires, even during the hunting 



Thr I 


475 


)/ llitx^iro 

stage of economy, must certainly have 
increased. Man is known to have 
hunted Pleistocene mammals, for exam¬ 
ple', the mammoth and the bison. Tlu‘> 
mammoth, horse, and camel evidently 
became extinct in the Americas after 
man's arrival there. 

fluinan influence on vegetation regis¬ 
ters in many pollen profiles through the 
abrupt appearance of certain weeds, 
notably composites, amaranths, and 
ehenopods. These multiply when the 
natural cover is destroyed and show up 
in prehuman pollen profiles following 
volcanic activity or erosion due to tec¬ 
tonic change. The ehenopods are still 
used for food; thus they may be re¬ 
garded as precursors of agriculture. Of 
especial interest is the recent evidence 
of their appearance during the second 
interglacial in association with artifacts 
of pre-Acheulean age. 

Agriculture requires the removal of 
native vegetatiem, while pastoral life is 
sustained by such vegetation. Iversen’s 
recent c'xpc?riments (1949) demonstrate 
strikingly the effectiveness of stone 
tools and fire; in clearing the drier types 
of forest. The practice of felling and 
burning trees and planting cleared 
ground until the; yields decline, then 
abandoning it and moving on, is known 
in I.atin America as the milpa systemi. 
It is not particularly harmful until the 
increasing pressure of population ex¬ 
tends the system to the hills and short¬ 
ens the cycle needed for the vegetation 
and soil to recuperate. Erosion then 
follows. 

Similarly, so long as a pastoral econ¬ 
omy has sufficient space to permit no¬ 
madic life, the grasses and other herbs 
which sustain it can recuperate be¬ 
tween periods of heavy use. Moreover, 
the pastoral cultures tend to be some¬ 
what more aggressive than the legend 
of Abel and other “gentle shepherds” 
would suggest. One cannot doubt that 
primitive herders knew good pasture 
when they saw it and took vigorous 
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measures to prevent undue Irespiissing. 
Even so, the growth of population 
brought steady pressure on the world’s 
natural grasslands. Under such condi¬ 
tions the floral composition of these 
grasslands is modified, and less nutri 
tious species come in as weeds. If the 
pre.ssure continues, and particularly if 
it is extended to arid or hilly land, ero¬ 
sion by wind and water ensues. All 
these effects are intensified and ex¬ 
tended to forest country when goats, 
valuable as they are to man otherwise, 
are present in great numbers. The goat 
is a thin-lipped, destructive grazer, as 
is the sheep; but, to a greater extent 
than sheep, it is a resourceful browser, 
damaging to woody vegetation. 

With agriculture, urban life and the 
leisure arts and crafts became possible. 
Repeatedly in human history, this ap¬ 
pears to have thrown the art of hus¬ 
bandry and the importance of good 
land use out of perspective. Except per¬ 
haps in China, the status of the man 
who worked the land was gradually de¬ 
meaned as cities grew in size, power, 
and prestige. The effect of such change 
on the quality of rural technicpies was 
probably bad, and the effect on the land 
itself, intensified by increasing food 
demands, was clearly so. 

Two aspects of the growth of cities 
were particularly important. One was 
the expansion of irrigation works; the 
other, the harvesting of timber for fuel 
and structural purposes, thus clearing 
land not needed for, or suitable to, 
agriculture. Early irrigation in both 
hemispheres seems to have been well 
engineered, probably because the irri¬ 
gators of arid lands had the stark choice 
of doing a proper job or being elimi¬ 
nated. 

Where such irrigation depended 
upon wells, these afforded a positive 
check upon expansion, and an ecjuilib- 
rium of land use was reached which 
persisted in parts of the Near East for 
millenniums, only to be broken by the 
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were based on the ii.se 
ing in forested vplnnds. tiere, the clear¬ 
ance of forests, no doubt followed by 
heavy grazing, stimulated erosion. Vast 
amounts of silt were washed down, so 
that increasing labor had to be used 
for the clearance of the otherwise ex¬ 
cellent system of irrigation ditches. 
While it is true that this interfluvial 
culture persisted long after the em¬ 
pires which it built—until its ditches 
were wrecked by Mongol invaders dur¬ 
ing the thirteenth century—the immense 
piles of silt alongside the ditches show 
that the system was well on the way 
toward being choked out before it was 
destroyed. 

It is in the world of today, where in¬ 
dustrialization and death control have 
produced an explosive growth of popu¬ 
lation, that land-use problems have be¬ 
come most acute and dramatic. Man 
has long competed with other forms of 
life for space. Increasingly he is his own 
competitor—a situation made worse by 
the diversity of his interests as they 
affect land use. Residence, business, in¬ 
dustry, transport, waste disposal, water 
supply, agriculture, forestry, military 
needs, recreation—not to mention many 
intangibles—all have intensified their 
rival claims, frequently upon the same 
limited area. The effect has been con¬ 
fusing almost to the point of disaster, 
as can be seen in any metropolitan 
“urban fringe” area. 

Allocation of space by planning and 
zoning, while not a new idea, has been 
outlined on a scientific basis by Geddes 
and his followers. It has been rather 
effectively developed in Great Britain 
by Stamp (1952) and others and in 
some parts of western Europe. But in 
Holland, ^ where it is extremely ad¬ 
vanced, it now faces the crisis of a 


saturated population. In the United 
States it faces grave political obstacles, 
made worse by the fact that we do still 
have a margin of safety and by the 
prevalence of our conviction that an 
economy can continue to expand with¬ 
out limits. This of course runs counter 
to the scientific experience that the 
factors in any process must ultimately 
work toward some kind of equilibrium. 
This principle, so widely applied in the 
purely physical sciences, seems to be as 
widely ignored—or disbelieved—when 
it comes to land use. A curious and 
dangerous phenomenon in a technolog¬ 
ical culture! 

Soil Erosion 

It would be misleading to say that 
man is the cause of erosion or that ero¬ 
sion per se is a bad thing. As frequently 
pointed out, it is a normal part of the 
natural process of base-leveling and 
has been the source of some of the rich¬ 
est alluvial terraces and plains on earth. 
But under natural conditions, and ex¬ 
cept in very arid mountainous regions, 
the rate of erosion is controlled by the 
presence of vegetative cover in the 
form of stable communities. Under 
these conditions erosion proceeds so 
slowly as not to interfere greatly with 
the normal process of soil formation, 
which, in turn, is a resultant of the 
interaction of living communities with 
the physical environment. It is when 
we remove this natural cover without 
providing a substantial artificial equiva¬ 
lent that the rate of erosion is acceler¬ 
ated to a dangerous degree. 

Where this occurs, soil is removed 
from the uplands, and the rich alluvium 
of the lowlands is buried, first by up¬ 
land soil, later by the sterile mineral 
materials which have underlain the up¬ 
land soil. In either instance the pro¬ 
ductive capacity of former surfaces is 
greatly reduced even where, as in sheet 
erosion, the surface form is not much 
affected. But sheet erosion, if not 
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checked, rapidly passes into gullying, 
which frequently renders the topogra¬ 
phy unsuitable for use. 

Forest Regions 

Because forest regions are usually 
well supplied with water and, at first, 
with fuel and building material, they 
often become heavily populated. But it 
is a characteristic of forest soils that 
the most fertile organic layer of the 
surface is shallow, thinly overlying a 
mineral layer from which the plant 
nutrients have been largely leached. 
This kind of soil profile under pressure 
of use rapidly loses its productivity; 
the result is likely to be extensive aban¬ 
donment. This explains much of what 
happened in New England, which was 
under extensive cultivation in the early 
nineteenth century, later largely 
changed to pasture, and is today two- 
thirds in forest of such inferior quality 
that it yields less than 10 per cent of 
the total rural income. 

The situation is less serious where, as 
ill Ohio, the minerals in the deposits 
brought in by glaciation arc rich in 
nutrients and fairly deep. Here it is 
possible, through the use of cover crops 
and improved pastures and wood lots, 
to stabilize the surface and tap the un¬ 
derlying minerals, thus restoring the 
fertility lost when the original top soil 
was removed. In western Europe, 
where relief is low, rainfall gentle, and 
economic pressure has enforced good 
husbandry, damage from removal of the 
original vegetation is relatively slight. 
Except for hunting preserves, the orig¬ 
inal forests of western Europe v/ere 
largely destroyed during the Middle 
Ages in order to obtain not only build¬ 
ing material but also charcoal for fuel 
and for the manufacture of steel. This 
is surprising in view of the fact that in 
the seventeenth century some 360 tons 
of steel more than met the annual 
needs of England—at least from the 
seller's point of view. Today, the art of 


forestry has reached such levels that, 
from Denmark to Italy, one finds tliat 
good agricultural land can be used 
profitably for the production of wood. 
Moreover, the forests of France and tlie 
pasture lands of Britain fill admirably 
the role of natural vegetation as a 
stabilizer of the landscape. 

Grasslands 

Changes in forest cover are more ob- 
\'ious and better known than those in 
the grassland regions. Thus Ohio, once 
about 90 per cent forested, now is 
about 15 per cent in such cover. Farther 
west the proportion of native tail-grass 
prairie that has been destroyed is prob- 
al)ly even greater. This is especially 
serious because of the remarkable resil- 
icnce with which the rich prairie flora 
can adjust to the recurrent crises of 
climate—a property not shared by the 
plant cover which agriculture has sub¬ 
stituted. 

Where precipitation does not exceed 
the evaporating power of the atmos¬ 
phere measured in inches of water, 
grassland, scrub, or desert occur. The 
subLurnid grasslands of the world have 
dcxeloped a deep and fertile topsoil, 
well supplied with mineral nutrients 
and remarkably suited to the produc¬ 
tion of high yields of cereal protein. 
Because the thickness of the humus 
horizon varies from 3 to 5 feet, erosion 
goes largely unnoticed, and the use of 
artificial fertilizers can be postponed 
for decades. Yet there is evidence that 
in Iowa, for example, an average of 
perhaps one-third of the original A- 
horizon of the surface has been lost 
since settlement, while the depletion of 
mineral nutrients is now making neces¬ 
sary the use of chemical additives. 

The semiarid grasslands sustain a 
growth of short grasses and other low- 
growing herbs which have served to 
bind the soil into a turf or sod. Here 
there is a marked excess of evaporative 
power over precipitation and a conse- 
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quent upward movciuent of watery 
bringing nutrient minerals to the sur¬ 
face. The soil is inherently productive 
except for the lack of moisture. Under 
natural conditions good, though sparse, 
grazing was aflorded by the native 
grasses, which not only held the surface 
in place but cured on the stalk, retain¬ 
ing their value as forage. 

Outward pressure from the centers 
of population brought these lands un¬ 
der settlement, and techniques of dry 
farming were developed. The level land 
being well suited to mechanized farm¬ 
ing, good yields of high-protein cereal 
at minimum cost were found to be pos¬ 
sible. The concurrence of moist years 
with periods of high demand and good 
prices encouraged the extensive plow- 
ing-iip of the original short-grass sod 
during World Wars I and U. But in 
both instances the moist years were fol¬ 
lowed by dry, and the autumn-planted 
whesat either failed to germinate or 
made such feeble growth that it could 
not stabilize the lighter types of soil 
against the strong dry winds of late 
winter and spring. Severe dust storms 
were produced by the resulting erosion. 
This phenomenon is all the more re¬ 
markable for having repeated itself in 
less than a quarter-century in a literate, 
highly technological culture that had 
made notable efiorts to repair the ef- 
h‘cts of the first series of dust storms 
and was well informed of the conse- 
(jucnct's to be expected from repeating 
the mistakes which had led to them. 
How'cver, the fault does not lie entirely 
with the more speculative and less re- 
sponsililo segments of the free-enter- 
prisc system. Influential spokesmen for 
scientific agriculture, more concerned 
with the latent fertility of arid soils than 
with the inevita!)le pattern of recurrent 
drought, did too little to discourage ex¬ 
ploitation and in some cases en¬ 
couraged it. 

Some confusion is due to the clear 
evidence of periods of rapid erosion 


and gully formation in recent geologi¬ 
cal time but before the known advent 
of man. This is especially noticeable in 
our own Southwest and has led some 
scientists to minimize the effects of 
overgrazing as a cause of accelerated 
erosion today. Past erosion cycles were 
due to intervals of dry climate, and wc 
have been in the beginning of such an 
interval since about 1700; so, runs the 
reasoning, why blame man for a natural 
phenomenon? The answer lies in com¬ 
paring such overburdened ranges as 
those of the Navaho with others which 
have been subjected to reasonable use. 
It is possible to find hillsides on which 
a fence separates a field of gullies from 
one which is intact. That we are in a 
time of increased climatic hazard is cer¬ 
tain. It would seem equally certain 
that a scientific culture therefore should 
exercise more rather than less caution 
in its pattern of land use. 

The effect of destroying or damaging 
natural communities is not confined to 
increased erosion. Water, with wind, is 
the chief erosive agent. Besides stabi¬ 
lizing the land surface, natural vegeta¬ 
tion is a major regulator of the hydro- 
logic cycle—indeed, it is chiefly in this 
way that the surface is stabilized. 

77/c Problem of Water 

If the water cycle be roughly de¬ 
scribed as (1) evaporation from the 
seas, (2) transport over the land, (3) 
rainfall or snowfall, and (4) flow back 
to the sea, it is chiefly during stage (4) 
that water is available for the suste¬ 
nance of life on land. By prolonging this 
stage, terrestrial life gets the maximum 
benefit from moisture. Whatever short¬ 
ens the time that water is in or on the 
land decreases its utility to land life, in¬ 
cluding our own. 

Continuous vegetative cover retards 
the flow of water. It also renders the 
ground more permeable, thus maintain¬ 
ing the water table. In one instance it 
has been shown (Mather, 1953) that. 
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while pasture and cultivated land soon 
become saturated, forest absorbs the 
c^quivalent of nearly 500 inches of rain¬ 
fall. It seems reasonable to suppose 
that the same relationship holds as be¬ 
tween native prairie and average farm¬ 
land derived from it. A number of fac¬ 
tors, not the least of which is compac¬ 
tion due to increasing use of heavy 
farm machinery, are responsible for 
this reduction in permeability. 

A closely related phenoriKaion is the 
rapid increase of virtually water¬ 
proofed surface areas represented by 
cities and highways. Exco^pt in isolated 
cases, notably parts of Texas, where 
highway drainage is channeled into 
storage ponds, the water falling on 
roofs, sidewalks, and roads is speeded 
on its way. If used at all, it is rc^claimcd 
from rivers and rcjquires purification. 
At the same time the per capita de¬ 
mand for water in urban centers con¬ 
tinues to rise for both domestic and in¬ 
dustrial purposes. Our cities are almost 
wholly dependent upon water which 
falls in non-urban territory. Thus we 
have the phenomenon of a technologi¬ 
cal culture whose demand for water is 
steadily rising at the same time that its 
processes accelerate the return of water 
to the sea. 

But the problem of water involves 
quality as well as quantity. In this rc~ 
spect, also, a curious picture is pre¬ 
sented. No highly developed organism 
in nature carries massive effluent wastes 
and influent necessities in the same sys¬ 
tem of transport. No organizcnl living 
community in nature is without com¬ 
ponents that transform waste materials 
l)ack into harmless and usable form. 
Yet our streams are utilized as sources 
for domestic and industrial water sup¬ 
ply and concurrently as convenient 
sewers for domestic and industrial 
waste—beyond the capacity of their 
normal process to purify. 

To urban wastes is often added the 
silt from eroded surfaces. The net effect 
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is not only to impair the quality .1 'U- 
water but seriously to affect it ; a 
habitat for aquatic life, both in tia 
stream bed and in the estuary into 
which it discharges. This has damaged 
recreation and sport as well as com 
inercial fishing and shell fishing. Pearl 
Harbor is no longer hospitable to the 
inollusks which gave it its original 
name. 

Commerce is affected also. Compu¬ 
tations of tlu^ dredging costs due to 
(‘rosional silt in Cleveland Harbor and 
at the mouth of tht^ Brandywine show 
that these costs are equivalent to a tax 
of several hundred dollars oii each ship 
that enters tht^ two ports each year. 
Such are the hidden costs of inan-mad(' 
change, patent to the ecologist, yet 
largely ignored by the industrial and 
financial leaders of a great U'chnologi- 
cal civilization, in which the art of ac¬ 
counting, or business analysis, has bet'u 
carried to a high degree' of perfection. 

Any discussion of water involves not 
only shortage and quality but also the 
question of flood. It is difficult to say to 
what extent floods have been increased 
by man’s activity, for certain cata¬ 
strophic types of rainfall would almost 
certainly produce floods in any event. 
But buildings and other installations 
within the flood plain of a great river 
.should be in the same category of cal¬ 
culated risks as vinc'yards on the sides 
of an active volcano. Though they are 
.seldom so regarded, nevertheless it is 
man who is responsible for flood dam¬ 
ages, if not for the floods which cause 
them. 

On the other hand, there are at least 
local floods that can be traced to hu¬ 
man disturbance. This applies to north¬ 
eastern New Jersey, a countiy of ridges 
and folds, where clearing, building, 
and paving of the ridge tops for exten¬ 
sive suburban developments have left 
rainfall with only one coiir.se—that of 
running downhill and swamping th< 
homes below. Similarly, burning of 
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chaparral or forest elea,r,i.,v J moun- Problems arise from the necessity, in 
tain slopes above our wesU rn cities has heavily industrial-residential areas of 
been responsible for Susii floods and excluding recreational activities from 
mudflows- of a serious character. On public water-supply watersheds in 
general principles w-e would expect de- order to protect them from contamina- 
nuded and exploited headwater regions tion, even though suitable recreation 
to intensify t]ie df'strnctivf.' character space is at a premiiim. 


and frequency of floods. While this is 
assumed as a basic element in national 
forest policy, far greater funds are ex¬ 
pended upon efforts to control flood 
after water has reached the river chan¬ 
nels than are devoted to securing 
proper land use on the tributary up¬ 
lands to retain the water where it falls. 
This is an interesting aspect of a tech¬ 
nological culture whose emphasis is on 
engineering rather than on biological 
controls. 

The impoundment of water for vari¬ 
ous reasons is rapidly increasing, owing 
to the substitution of powerful earth- 
moving machinery for hand labor. In 
some instances, most notably the Ten¬ 
nessee Valley Authority, there has been 
an attempt to relate such impound¬ 
ments to the entire economy of a 
region, making them serve multiple 
purposes. Thus flood control, recrea¬ 
tion, power, and water transport have 
been combined with measures to im¬ 
prove public health and land use in the 
Tennessee Valley. In numerous in¬ 
stances the approach has been on a 
narrower basis. 

Small farm ponds are being used to 
compensate for the growing scarcity of 
suitable ground water. Great public 
works in arid and semiarid regions have 
rnade possible the extension of irriga¬ 
tion, generation of power, and aug¬ 
mented urban water supplies. Such irri¬ 
gation has not been uniformly success¬ 
ful, as witnessed by the inability of the 
beneficiaries to carry out contract psiy* 
ments^ on schedule. In some instances 
the high rate of evaporation has re¬ 
sulted in the accumulation of salts 
which interfere with plant growth. 


The Atmosphere 

The atmosphere has become a me¬ 
dium of transport and the scene of ex¬ 
periments to modify the weather. On 
this latter problem scientific opinion is 
divided as to both feasibility and wis¬ 
dom. Our failure thus far to adjust our 
economy in marginal climatic areas to 
what we know about their compulsive 
and recurrent hazards suggests that, 
even if we can modify climate, the 
operation at this stage is somewhat pre¬ 
mature. Modern society is not yet or¬ 
ganized to control the powers which 
science already has placed at its dis¬ 
posal. 

Of perhaps more immediate concern 
is the growing volume of volatile and 
solid wastes which pollute the air of 
great urban centers across the United 
States. Hydrocarbons from refineries 
and automobiles, no less than by¬ 
products of chemical works, are partic¬ 
ularly serious. Vegetation, not only in 
the vicinity of smelters, but in places 
like Pasadena, has been aflFected, and 
there have been instances of known 
damage to human beings. Pittsburgh 
has been greatly improved, and com¬ 
missions are at work elsewhere; but the 
problem of protecting the quah'ty of 
two basic resources, formerly regarded 
as free economic goods—water and air 
—remains urgent. 

Mineral Resources 

The per capita consumption of min¬ 
erals, unlike that of renewable re¬ 
sources, has continued to rise steadily 
with the level of living. Re-use is grow¬ 
ing but not sufficiently to offset the 
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depletion of concentrated reserves. 
Once taken into the economic process, 
these minerals tend to become dissi¬ 
pated or, in the case of energy sources, 
altered beyond recovery except through 
the slow biological and geological 
changes which made them. 

The measurement of reserves is dif¬ 
ficult technically, and exploration is in¬ 
creasingly expensive. Strategic and 
business considerations may hinder us 
from finding out where we stand. As 
an official in the copper industry put it, 
no figures on reserves are given out, as 
a matter partially of protection to the 
American public! 

However, a few figures will suffice to 
emphasize the situation. Department of 
Commerce figures for March, 1954, 
show that petroleum consumption with¬ 
in the United States is substantially in 
excess of domestic production. Again, 
the United States, with less than one- 
tenth of world population, is today con¬ 
suming more than half of the world’s 
mineral production. The fact that much 
of the wealth so created is being dis¬ 
pensed among other friendly nations is 
some compensation but no guaranty 
that this condition is either desirable 
or secure. And, finally, more than half 
of the many kinds of minerals used in 
the American economy must be im- 


481 

ported, not being commercially avail¬ 
able within our borders. 

CHANGE AND ETHICS—A SUMMARY 

Change in the ecosystem of which 
man is a part is inevitable, since this 
svstem is a process, and he is inevitably 
affected by such changes. On the 
whole, those changes which are nat¬ 
ural (i.e., not due to his interference) 
take place on a scale and at a rate 
which is not disastrous to him. While 
some of his activities may regulate and 
utilize these changers to his benefit, 
more of them serve to accelerate the 
rate and widen the scope of natural 
changes in ways that lower the poten¬ 
tial of the environment to sustain him. 
For such effects man is responsible, and 
wh('rc responsibility enters so do ethical 
])roblems. 

Through science, man now has the 
means to be aware of change and its 
('fft'cts and the ways in which his cul¬ 
tural valiums and behavior should be 
modified to insure their own preserva- 
tioTi. Whe ther we consider ethics to be 
enlightened self-interest, the greatest 
good for the greatest number, ultimate 
g(.od rather than present benefit, or 
Schweitzer’s reverence for life, man’s 
obligation toward environment is 
(‘qually clear. 
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Harvests of the Seas 

MICHAEL GRAHAM” 


cx:eanic ecology 

Taken altogether, the seas are enor¬ 
mous. They cover 70 per ceril of the 
surface of the globe and are deep 
enough for the dry land to be sub¬ 
merged in them, 10,000 feet below the 
surface on the average (Murray, 1913, 
p. 30). Approximately three thousand 
million tons of salts, washed down in 
rivers, are added annually to the sea 
{ibid., p. 47). Tin's is as though three 
thousand tramp ships discharged a 
cargo of salt into the sea each day; and 
this process has been going on daily 
since early geological time. Every 
known natural element is found in sea 
water. About 10 per cent of the ele¬ 
ments are combined as salts, the re¬ 
mainder being free ions, including a 
slight preponderance of the hydroxides, 
which make sea water slightly alkaline. 
The sea contains bacteria, plants, and 
animals, which require salts, warmth, 
and light, as on dry land, including mi¬ 
nute but important quantities of ni¬ 
trate and phosphate as well as some 
other as yet undiscovered trace ele¬ 
ments. That some trace elements re- 
(juired are still undiscovered is known, 
because artificial sea water, however 
carefully made, will not support the 
growth of living things for long. One of 
the special requirements in the .sea is 
silicate, which is used by some animals 


® Mr. Graham is Director of Fishery Re¬ 
search in England and Wales. His publications 
include: The Victoria Nyanza and Its Fisheries, 
1929; Soil and Sense, 1941; The Fish Gate, 
1943; and Human Needs, 1951, 1955. 


and by many of the microscopic plants 
to form shells. 

There is no part of the sea water that 
is completely devoid of life, however 
deep and therefore dark it may be. It 
follows that somehow oxygen must 
reach the great depths, even down to 
5,000 fathoms or more. Only in certain 
confined basins is the deep water de¬ 
void of oxygen, developing hydrogen 
sulfide and inhabited only by the suit¬ 
able bacteria. That condition is found 
in the Black Sea and in certain fiords in 
which the deep water is confined by a 
shallow sill at the mouth of the fiord. 
Oxygen reaches the main areas of great 
depth by a circulation system. By the 
time warm water, which has been made 
more saline by evaporation in the trop¬ 
ics, is transported by the great current 
systems into the cold of high latitudes, 
it is already fairly well oxygenated 
through being stirred up with the at¬ 
mosphere. With its fall of temperature 
in the subarctic regions, it absorbs more 
oxygen. As it becomes chilled, it be¬ 
comes heavier than the relatively fresh 
water derived mainly from the melting 
of ice and therefore tends to sink, as, 
indeed, does also a quantity of mixed 
water, which is also well oxygenated 
from the component due to the melting 
of ice. This sunken water travels slow¬ 
ly toward the equatorial regions and, to 
oversimplify the complicated picture, 
rises to the surface to take the place of 
water driven away from the tropics by 
the trade winds. According to G. I.. 
Clarke (1954, p. 250), some oceanogra- 
pliers think that the bottom current takes 
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a thousand years to travel h orn the poles 
to the Equator, but that is not certainly 
so. 

In this way life can continue at great 
depths—but only animal life, because 
plants need light (Fig. 96). Near the 
surface of the sea there is plenty of 
light, and, when other conditions are 
favorable, there is a growth of micro¬ 
scopic plants, sometimes strong enough 
to color the sea water green or to make 



Fig. 96.— Clarke's diagram of marine ecology. 
A coastal type of system, which is typical of all 
marginal sens, is represented. In the open oceans 
it would be necessary t) assume that the arrow 
bearing nutrient supply upward goes via some 
distant area of upwelling. It is also doubtful 
if any nourishment from the sea bed would 
reach predatory animals that also hunt near the 
surface, since surface-hunting animals might 
not care to dive to a sea bed some thousands 
of fathoms deep and characterized by darkness 
and great pressure. Murray and Hjort (1912, 
p. 782) cite a reputed dive of 400 fathoms by a 
sperm whale in distress. (From Clarke, 1954, 
p.477.) 

it feel slimy to the touch. As the plants 
grow and multiply, they make the 
water more opaque, and then light can¬ 
not penetrate so deeply. The layer oc¬ 
cupied by plants varies in diflFerent 
areas according to how deep the light 
can penetrate. It is common^ some 20 
meters deep in waters near the land and 
is not often more than 100 meters deep. 


That, however, is a greater thickness of 
productive layer than is common on the 
land, where the productive layer may 
be not more than a few inches deep. It 
is, therefore, not surprising that the 
total **basic production” of living mat¬ 
ter from inorganic matter is thought to 
be as great from the seas of the world 
as it is from the land (Sverdrup, cited 
and discussed in Graham and Kesteven, 
1954). 

Typically, some way below the center 
of gravity of the plants will be found 
the animals, the two groups together 
being termed “plankton.” The animals 
extend to a considerable depth in some 
abundance. This is shown partly by the 
very great number of the progeny of 
some kinds of fish that have been found 
in the open ocean. In the tropics, in the 
“Michael Sars,” Murray and Hjort 
(1912, p. 747) thus found the larvae of 
the saury pike (Scomhresox) and horse 
mackerel (Caranx), and, in the “Dana,” 
Taning (1944, p. 91) similarly found 
an enormous number of the redfish, or 
ocean perch (Sebastes), in the more 
northerly latitudes of the Atlantic. The 
animals are continually excreting nutri¬ 
ents, such as phosphate, so it is not sur¬ 
prising that there is a vast reserve of 
these nutrients extending from 1,000 
meters depth downward to the abysses. 
The concentration there is 150 milli¬ 
grams or more per cubic meter, which 
is about four times as rich as seems to 
be necessary to nourish plankton in our 
shallow northern seas. 

In and about in this whole system are 
the marine bacteria, class for class like 
those of the land, but adapted to life in 
sea water. 

The more one learns of marine ecol¬ 
ogy, the less likely it seems that man 
would have any effect upon it. 

Let us consider that valuable nutrient, 
phosphate. From G. L. Clarke (1954, pp. 
302, 306) we may call the phosphate 
concentration below 1,000 meters depth 
160 milligrams PoOr, per cubic meter of 
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sea water, or 16 parts per 100 million. 
However, there are 118 million cubic 
English miles of water below 1,000 me¬ 
ters depth (Murray, 1913, p. 26), from 
which it can be calculated that the 
phosphate in that deep water amounts 
to 80,000 million tons. 

l^et us now suppose that there are in 
the world fifty million people whose 
water-borne sewage goes into the sea 
or into swiftly moving rivers and so to 
the sea without absorption of phosphate 
on the way. Each person may be taken 
to excrete about 3 grams of phosphate 
P 2 O 5 per day. Let us further assume 
that, as water-borne sanitation spreads, 
so do recovery processes develop and 
that fifty million remains the number 
whose phosphate discharges into the 
sea. Their discharge of phosphate an¬ 
nually would amount to 55,000 tons. 
At that rate it would take 360,000 years 
to raise the oceanic phosphate by a 
quarter, which is the sort of magnitude 
that might be perceptible in spite of 
the usual spatial and temporal varia¬ 
tions. 

It might well be concluded that all 
man’s activity can hardly alter the 
ocean as a whole. The issue is not, how¬ 
ever, clear; even this vast cosmos of 
water is not secure. It has been estab¬ 
lished that during the present century 
the consumption of coal and other “fos¬ 
sil fuels” has been so great that the car¬ 
bon dioxide content of the air has been 
raised by at least 10 per cent, of which 
the sea will slowly absorb the greater 
part. Whether the average concentra¬ 
tion of carbon dioxide in the sea will 
be detectably higher, or whether there 
will in consequence be a detectable in¬ 
crease in production, remains to be 
seen. At any rate, enormous amounts of 
carbon dioxide stream into the sea, 
where it is combined, so that, in fact, 
the carbon is mainly held as bicarbon¬ 
ate (Buch, 1952, p. 44). 

So much for the known effects of man 
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on the sea as a whole—that is, consid¬ 
ered as one uniform whole. 

CONCENTRATIONS OF PRODUCTION 

However, the sea is by no means one 
uniform whole. Although the surface 
water is, as we have seen, well oxy¬ 
genated and although most of the low¬ 
er layers are also well oxygenated, there 
is a middle between 200 and SCK) me¬ 
ters in the North Atlantic where oxy¬ 
gen can be distinctly short (Brennecke, 
cited in Murray and Hjort, 1912, p. 
256). Also, in summer the surface lay¬ 
ers of water do not, in general, mix well 
with those below. Consequently, they 
tend to become exhausted of phosphate 
and other nutrients, owing to the 
growth of plants up to the limit. This 
surface shortage in summer probably 
takes place over a vast area comprising 
the majority of waters.^ However, there 
are certain areas, such as oflF the west 
coast of America, oflE Alaska, in the 
Peru Current, and off the west coast of 
Africa (Benguela Current), where 
deep water rises at all times of the 
year, bearing its load of phosphate and 
other nutrients. In these places there is 
perpetually a rich plankton, with fish 
perpetually feeding upon it, and birds 
perpetually feeding on the fish and de¬ 
positing their guano about the islands 
off the coast of Peru, making manure 
derived so conveniently, but unfortu¬ 
nately exceptionally, from the great 
deep store of nutrient material. Not all 
the nutrients in special upwelling re¬ 
gions are used up. Some are trans¬ 
ported, used, and regenerated season¬ 
ally as the ocean currents carry the 
water from tropical to temperate and 
subarctic latitudes, on which in part the 
great fisheries in most areas with which 
we are familiar must make shift to sub- 

1. My colleague D. H. Cushing, warns me, 
as indeed his predecessor, the late A. C. Gard¬ 
iner, did, that it may be a considerable over¬ 
simplification to state that phytoplankton pro¬ 
duction is limited by nutrients. 
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sist. The other part of tin nntiient 
supply coincs from the run i Iroiii the 
Jaiirl. Trivial as this is on :• o ld scale, 
its contribution to tlie O'. jinal seas 
way be of the same orclrs that from 
the ocean supply. 'fh(' nutrients from 
the two sources can, in the shallow 
areas, enter into local accumulation in 
the bed of the sea and be cyclically 
Jibc'iatc^d info the overlying water, and 
in this way a concentration of living 
things oeenrs, forming with the upwell- 
ing areas a second source of concen- 
tiatc'd crop for harvesting. 

Tims, we have*, in various favored 
parts of the ocean, concentrations of 
living things wliieh man can use or 
abuse. The most spectacular example is 
in tlu‘ story of the whales. 

Early American Whaling 

The organic world is arranged in pyr¬ 
amids, in that at each level the few at 
the top live by consuming the many be¬ 
low them. When an animal which is a 
higher member of the pyramid is suit- 
i’bie to be used by man—that is, there 
will be only some percentage of waste 
—then that animal is in danger. It has 
concentrated some of the greatly dis- 
jiersed and thinly spread production of 
the seas and so is in peril (Clark, 1887, 

p. 6). 

Had ho not eaten for three days, even 
a conservation-minded naturalist would 
probably join in killing a Steller*s sea 
cow for food, whether or not it was the 
last specimen on earth. At about the 
(Mid of the nineteenth century this large 
animal, 20-30 feet long, which lived by 
brow .sing on the seaweeds of the shores 
of Bering Strait, became extinct (Bed- 
dard, 1902). It may be assumed that 
during the long watches of life in whal¬ 
ing and sealing ships, one or another 
of those engaged in the gradual reduc¬ 
tion of the more vulnerable marine 
mammals realized what he was doing. 
But, he might argue, even if it were the 
last, he deserved to have it. He needed 
money, and, after the hardships that he 


had (mdured in order to reach the 
prize, no scruple at the last stage would 
be strong enough to stay his hand. 
Whaling ships in those days were ac¬ 
customed to go away for a matter of 
years: a year for the right-whale £sh- 
cry and two years for the sperm-whale 
Bshery, according to Howard Clark 
(1887, p. 6), quoting Starbuck, who 
wrote in 1880. Starbuck compared those 
prosperous days of the middle of the 
century with the time of writing, when 
ships could go away in the sperm¬ 
whaling for four or five years and re¬ 
turn not yet fully laden with oil. Some 
authorities doubt this change, writing 
that voyages in the mid-century were 
ju.st as long (Mackintosh, N. A., per¬ 
sonal communication). The mentality 
that led men to endure such a life must 
surely have been partly akin to the hun¬ 
ger imagined for the conservation nat¬ 
uralist which would cause him to at¬ 
tack the last Steller’s sea cow. For ex¬ 
ample, in the United States, whaling 
had developed in the seventeenth and 
eighteenth centuries on the coast of bar¬ 
ren New England (Clark, 1887, p. 106) 
and in an intensity from Nantucket Is¬ 
land particularly that deserves en¬ 
shrinement in legend rather than in 
sober history. We find this description 
of the Nantucket population (English 
Anntuil Register, 1775, p. 85, quoted in 
Clark, 1887, p. 118): 

This extraordinary people, amounting 
to between five and six thousand in num¬ 
ber, nine-tenths of whom are Quakers, in¬ 
habit a barren island fifteen miles long by 
three broad, the products of which are 
scarcely capable of maintaining twenty 
families. From the only harbour which 
this sterile island contains, without natu¬ 
ral products of any sort, the inhabitants, 
by an astonishing industry, keep an 140 
vessels in constant employment. Of these, 
eight were employed in the importation of 
provisions for the island and the rest in 
the whale fishery. 

And as Burke said of them (ibid,, p. 
119): “No sea but is vexed by their fish- 
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cries. No climate that is not a witness 
to their toils.” 

So important was the whaling to 
Nantucket that it became part of the 
culture pattern. It is even reported— 
admittedly in a work of fiction, Miriam 
Coffin, but quoted by Brown (1887, p. 
220 )—that the principal resolution of a 
secj’et society of young women who 
called themselves “freemasons” was to 
the effect tliat they would prefer a 
whale fisherman to any landsman and 
would deny any favor even to an is¬ 
lander until his harpoon had struck the 
body of a whale. This, whether myth 
or history, is reminiscent of customs in 
other parts of the world where peoples 
can survive only by brave actions. It is 
commonly said that among the Masai 
tribe in Kenya a young woman would 
not look seriously upon a man until he 
had bloodied his spear in a human be¬ 
ing or in a lion. 

Early European Whaling 

In Europe the whale fishery seems to 
have developed first from the shores of 
the Bay of Biscay, being mentioned in 
privileges granted to San Sebastian in 
A.D. 1150 (according to Beddard, 1902, 
p. 360) but almost certainly belonging 
very much earlier in time. Whales of 
various kinds doubtless differ in tem¬ 
perament, but the testimony is clear 
that a right whale (Fig. 97) is a gen¬ 
tle, timid creature which would easily 
be driven ashore and killed by a suflB- 
cient number of people, whether on the 
Basque coast or in Charleston Harbor. 
I-,ater the Dutch and others carried on 
fishery for a northern right whale to 
Spitsbergen and to other boreal and 
hyperboreal regions, and sperm-whal¬ 
ing developed in the warmer seas. 

Nineteenth-Century Whaling 

Clark's chart (1887, PL 183) shows 
that in the middle of the nineteenth 
century the seas between 80° north and 
55° south latitudes were almost thickly 


marked with whaling grounds. A 
whaler finding himself unlucky on one 
ground would not, it seems, have had 
to sail for more than 1,200 miles to ar¬ 
rive on some other well-known ground 
The variety of climate can be appreci 
ated when some of the grounds ai<' 



Fic. 97.—Principal genera of large wliales. 
During the last one hundred and fifty years the 
history of whaling has seen the transfer of at¬ 
tention from Balacna {top), now too scarce, to 
Balaenoptera {bottom), too active for the early 
boating. From top to bottom: right whale ( Ba- 
Uunui), sperm whale {Physeter), humpback 
whale (Megaptera), rorqual or fin whale 
{Bahenoptera). (After Clark, 1887, who, in 
order to show the spouts, evidently drew them 
on reduced scale.) 

named; Spitsbergen, Baffin Bay, Flor¬ 
ida, Brazil, Kerguelen, China Sea, Be¬ 
ring Strait, GaUpagos Islands, New Zea¬ 
land. A sperm-whale ground extended 
all the way from California to Japan, 
another from Peru to the Gilbert Is¬ 
lands, and yet another from Chile to 
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Australia with hardly a hi cak Ihe 
bian Sea, the waters off (-e}’loii, the 
China Sea—all contained fishablc sperm 
whales. 

According to Avk s ( i). w 5 of this 
volume), this sp<‘rm-wiiaie fishery was 
quite unnccessiiry'j equivalent products 
to those made from sperm oil and sper¬ 
maceti being available from Burma 
since earliest times. 

By 18S0 the grounds that Clark could 
record as in use had, in most areas, 
shrunk as compared with 1850. The 
transpacific sperm-whale grounds were 
now reduced to relatively small areas 
in the Peru Current, with a few small 
spots in the Australian region. Similar 
shrinkage is found in the other regions 
mentioned in the preceding paragraph. 


f//nd, with one hundred and seventy five 
walrus; since then I have not seen or 
heard from her. This walrusing is quite a 
new business, and ships which had en¬ 
gaged in it the previous season and came 
up prepared were very successful. While 
at it, we drove business as hard as the 
best of them, but soon became convinced 
that the ships company (taken collective¬ 
ly) were much inferior to many others; 
they could not endure the cold and ex¬ 
posure expected of them. I have seen 
boats’ crews that were properly rigged, 
kill and strip a boat-load of walrus in the 
same length of time another (not rigged) 
would be in killing one and hauling him 
on the ice. We took some four hundred, 
making about 230 barrels. About August 
2 all the ships went in pursuit of bow- 
heads (most of them to Point Barrow). 
When off the Sea Horse Islands we saw a 


Arctic Whaling 

On the other hand, there was also 
expansion—in the dangerous and ardu¬ 
ous whale fishery for a northern right 
whale, the one that American whale¬ 
men called the "bowhead” and that 
Scoresby and the English called the 
“Greenland whale.*’ That fishery was 
being prosecuted to beyond Point Bar¬ 
row in the Beaufort Sea and in Lan¬ 
caster Sound in the farthest north of 
Canada. On the Atlantic side there were 
the whalers from Europe, and on the 
Pacific side the American ships and of¬ 
ficers with cosmopolitan crews. 

What that arctic whaling was like 
can besl be understood by a quotation 
from one of the many reports published 
by Howard Clark. This one is from a 
letter by Captain Pease, 1870 (quoted 
in Clark, .1887, p. 78). After being beset 
by ice in Bering Strait, he got his ship 
clear, and he writes thus: 

Passed into the Arctic July, and found 
most of the fleet catching walrus; about a 
dozen ships (this one among the number) 
went cruising along the northern ice for 
bowheads. After prospecting from Icy 
Cape to near Herald Island, and seeing 
not a whale, I returned to the walrus 
fleet. The first ship I saw was the Vine- 


few whales working to the westward, just 
enough to detain us; we took two maldng 
200 barrels; the weather cold and a gale 
all the time. In September I worked up 
iilioul 70 miles from Point Barrow; saw 
(juite a show of small whales in the sea; 
took four which made about 100 barrels. 
As that was a fair sample, and not having 
the right boys to whale in that ice, where 
the thermometer stood only 8 above zero, 
I went back to the westward. Ships that 
had from forty to fifty men (clad in skins) 
and officers accustomed to that particular 
kind of whaling, did well. In going back 
the fourth mate struck a whale which 
made about 70 barrels. From the 29th 
of September to the 4th of October we 
saw a good chance to get oil, had the 
weather been good, ana a well, hardy 
crew. We could not cut and whale at the 
same time. We took four whales which 
would have made 500 barrels had we had 
goad weather to boil them. On the 4th of 
October we put away for the straits, in 
company with the Seneca, John Howland, 
and John Wells—a gale from the north¬ 
east, and snowing. On the evening of the 
7th it blew almost a hurricane; hove the 
ship to south of Point Hope, with main- 
topsail furled; lost starboard bow boat, 
with davits—ship covered with ice and 
oil. On the 10th entered the straits in a 
heavy gale; when about 8 miles south of 
the Diomedes, had to heave to under bare 
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poles, blowing furiously, and the heaviest 
sea I ever saw; ship making bad weather 
of it; wc had about 125 barrels of oil on 
deck, and all our fresh water; our blubber 
between decks in horse-pieces, and going 
from the forecastle to the mainmast every 
lime she pitched, and impossible to stop 
it; ship covered w'ith ice and oil; could 
only muster four men in a watch; decks 
flooded with water all the time; no fire to 
cook with or to warm by; made it the most 
anxious and miserable time I ever experi¬ 
enced in all my sea service. During the 
night shipped a heavy sea, which took off 
bow and waist boats, davits, slide-boards, 
and everything attached, staving about 20 
barrels of oil. At daylight on the second 
diiy we found ourselves in 17 fathoms of 
water, and about 6 miles from the center 
c'apc of St. Lawrence Island. Fortunately 
the gale moderated a little, so that we got 
Iwo close-reefed topsails and reefed cours¬ 
es on her, and by sundown were clear of 
the west end of the island. Had it not 
moderated as soon as it did, we should, 
by 10 A.M. have been shaking hands with 
our departed friends. 

Sometimes the ships were caught by 
the winter ice, and the crews, including 
women and children whom they had 
taken with them, had to make their way 
over the ice to return as passengers in 
other ships, which had got clear and 
waited for them. There was also the 
hazard of losing the crew, and even the 
masters and officers, in San Francisco, 
when there was the rush for gold in 
California. Clark's quotations show that 
this offended against another feature of 
the culture pattern in pious New Eng¬ 
land, where the owners of the vessels 
were shocked that these men and offi¬ 
cers could so abandon their trust. In¬ 
deed, I suppose that shipowners all over 
the world, and in all times, would agree 
with the writer from New England that 
the sailors had been put in charge of 
property whose value it was their duty 
to increase, not to render worthless. I 
suppose, too, that shipmen have ac¬ 
cepted that obligation from time im¬ 
memorial. 


Changes in Stocks 

The two kinds of whales of the clas 
sical fisheries occupy rather difleicul 
positions in the pyramid of the animal 
world. Right whales live only on plank 
ton, which they sieve out of the water 
with the much-prized whalebone, which 
is a horny growth in the place of teeth. 
Sperm whales, on the other hand, eat 
squids, including the giant squid, and, 
when struck by a harpoon, are said to 
dive deep, as if they normally frequent 
great depths. 

Man has made a noticeable change 
in these particular forms of concentra¬ 
tion of production—whales—a change 
on a truly cosmic scale. Sperm whales, 
it is true, have maintained their num¬ 
bers wonderfully, in 1952 constituting 
no less than 11,526 out of 49,752 of all 
whales caught (Mackintosh, N. A., per¬ 
sonal communication), and to the pres¬ 
ent day a local sperm-whale fishery is 
carried out from small boats by inhab¬ 
itants of the Azores (Clarke, R. H., 
1954 ). But right whales everywhere and 
humpbacks in some seas have become 
sma’l remnants of once great popula¬ 
tions. There is probably no change that 
man has made in the sea which com¬ 
pares in scale or importance with the 
reductions of the populations of right 
whales and humpbacks and, latterly, 
blue whales. 

At the time when Howard Clark was 
drawing his chart on whaling, there was 
a considerable fishery for the hump¬ 
back whale both in northern and in 
tropical seas. That fishery persisted into 
the present century, when it was car¬ 
ried especially by the Norwegians into 
the regions close to the antarctic ice 
( Hjort, 1933, p. 21). 

In the Norwegian whaling from South 
Georgia during 1906-9, humpbacks 
were almost the only species taken. The 
catch reached its peak at over 6,000 an¬ 
nually in the season 1910-11, but by 
1913 the catch of humpbacks was in the 
neighborhood for a few years or so of 
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500 only. From this low number it did 
recover, but from 1917 onwnrJ very few 
humpbacks were taken; iu^fcad. the 
fishery became dcpendcDt upon the fin¬ 
back whales proper. At tlje time Clark 
wrote (1880), only two whaling 
grounds at Iceland and to the north of 
Norway were marked as grounds for 
finback whales, that is, whales belong¬ 
ing to the rorqual group. In the present 
century the whaling industry has be¬ 
come almost entirely dependent upon 
the several species of this group, con¬ 
centrating at first mainly on hump¬ 
backs, then on blue whales, and then on 
others of the genus Balaenoptera. With 
fast catchers and good harpoon guns, 
this is a powerful fishery, mainly Nor¬ 
wegian. From 1921 modern whaling 
took only six years to find, develop, and 
abandon the rorquals of Spain and Por¬ 
tugal (Hjort, 1933, p. 20), and it has 
dealt almost as swiftly with the hump¬ 
backs off the west coasts of Africa and 
of Australia (Ruud, 1952). 

8ra Mammals and Eskimos 

Probably the pioneer model for con¬ 
servation efforts was the protection by 
the United States, in 1870, of the fur- 
seal rookeries in the Pribilof Islands. 

Ibis species breeds by harems, and 
tlune are plenty of spare males pushed 
off the breeding plots and suitable for 
slaughter. Provided the slaughter is reg- 
ulatod, the species can be saved as a 
productive resource, as it has been. But 
in varying degrees, populaHons of sea 
otter, white whale, narwhal, walrus, and 
sea elephant have been reduced by 
modern luinting methods. 

The reduction of the populations of 
the arctic mammals has almost certain¬ 
ly had a corresponding eflFect on the 
number of E.skimos. This cannot be 
stated on historical evidence; but, if it 
is correct that certain groups of Eski¬ 
mos relied on those animals for sub¬ 
sistence, it follows mathematically that 
the Eskimo population have been 
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reduced as the food population has 
been reduced. Such reduction may not 
have been proportional, but equally it 
may have been, or it may even have 
been more than proportional. Statistics, 
which have been kept only since 
commercial whaling developed, show 
an increase of population of Eskimo an¬ 
cestry (Dunbar, M. E., personal com¬ 
munication), but that does not bear on 
the question of the effect of the Bering 
S('a whalers. Introduction of any new 
hunting method is liable to reduce a 
population of prey to equilibrium at a 
new lower level than before. Then the 
old method of hunting will no longer 
provide a living—in rt'ward per day^s 
work. Thus, I would suppose that in 
Europe, in early days, Neanderthal man 
with club and spear could have been 
starved out by Homo sapiens with bow 
and arrow. Reduction of Eskimos 
would, of course, be, by all accounts, a 
dead loss to the world, as the paysan at 
tlu' North Airiericaii arctic. 

Modern Whaling 

Tins history of whaling is in many 
re.spccts a sad one, and it will be one 
of tragedy if it ends with these last re¬ 
sources being cut off altogether from 
commercial exploitation, owing to the 
level of the stock being too low to make 
the fishery worth engaging in. There is 
no doubt that in one way or another 
whale fishing has greatly benefited hu¬ 
manity, and, if the history proves to be 
a tragedy, it will have been a grand 
tragedy. There was the heroism of the 
early whaling from small shore boats 
hurriedly manned during the Middle 
Ages. Then the same hurried launching 
on the boundless surface of the empty 
ocean in the eighteenth and nine¬ 
teenth centuries. Surely seamanship 
never rose to a greater height than in 
the small boats of the sailing whalers, 
spilled on to the sea from one thousand 
ships in the middle of the last century 
(Hjort, 1933, p. 19). And today there 
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is the enonneus eoinmercial adventure 
of modern whaling, when a score of 
great factory ships with attendant 
whale-catchers, each enterprise worth 
a prince’s ransom, set out for the antarc¬ 
tic and, by a narrow margin of profit, 
bring back in all over two million bar¬ 
rels of oil. This without ottens(‘ 

perhaps, be compared with probably 
about a half-million barrels in the mid¬ 
dle of the last century. The fishery to¬ 
day may b(' le ss romantic'; it is c ertainlv 
less cruel to men; it is certainlv more 
productive. 

Two attempts arc being made to con- 
se rve this fishery to prevent a tragic 
e nding. One is the International Whal¬ 
ing Commission, which deals mainly 
with the antarctic regions. It arose out 
of a conference of 1937 which met in 
Condon at the invitation of the British 
government. Fourteen countries ad- 
h('r('d to tlie Washington Convention 
of 1946 and agreed to restrict the total 
capture to a certain number of whales, 
known as “blue-whale units.” Provi¬ 
sions were also made on the opening 
and clo.sing days of the season, on min¬ 
imum size limits, and on protection of 
c alves. These rules have not prevented 
the stock of whales from declining, as 
judged by the composition by species 
and by other signs (Ruud, 1952). An¬ 
other attempt is the Santiago Agree¬ 
ment, concluded by Chile, Peru, and 
Ecuador and relating particularly to the 
stock of whales off the west coast of 
South America. It may be fortunate that 
these whalc'S, mostly sperm \A'hales, are 
to be protected, though it happens that 
the other conservation body does not 
think restriction of sperm-whaling jus¬ 
tified. That confusion in whaling regu¬ 
lation is a comparatively simple exam¬ 
ple of the complications that arise when 
men try, as indeed they are trying in 
various fisheries in many parts of the 
world, to make some amends for the 
reckless exploitation that went with the 


starvation mentality of the niu t, « nth 
c*('ntiiry. 

The history of whaling is an 
standing example of man’s effect (^u th<‘ 
(K'can; there is not another to match it 
In no other way is the world-scale pro 
ihiction of the oct'an so concentrated as 
it is in the body of a whale. Neverthe ¬ 
less, there are changes of importanc'e in 
more ordinary fisheries. 

CKNKRAI. CaiANGF.S 

It will be recalled that the layer of 
water where basic production takes 
])lac‘(' is usually not more* than 100 uu'- 
lers thick. It ewte uds all over the oceans, 
and below it, to an unlimited depth, it 
nourishes, by raining dead fragments 
for their consumption, various kinds of 
fish, cuttlefish, and other invertebrates. 
When; this produc tive layer touches the 
land, the bed of the sea is that much 
nearer and forms, as it were, a trap for 
the fish population, in which men can 
take them. That is putting it very 
crudely. In fact, the whole production 
is, as it were, Irappc'd and made het- 
erogc'neous by the variety of condi¬ 
tions near the coast, so that the species 
of fish and other forms encountered 
n('ar th(* land are not those characteris¬ 
tic of the waters of the open ocean. In 
consequence, all the arguments hereto¬ 
fore used about the vastness of the 
ocean cease to apply when one comes 
to consider the fisheries of historical 
importance, apart from whaling. Al¬ 
though it is not always easy to decide 
whether a stock of fish is being pressed 
too hard by human exploitation, there 
is vc'ry little dcnibt that fishing is, or 
has been, too heavy for one or two 
.species in areas where the fish arc par¬ 
ticularly good (Fig. 98) or which are 
conveniently near to large markets. 

Halibut 

On the margins of the North Atlantic 
there exists the large and excellent fisli, 
the halibut, and it is still present in 
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small numbers from Greenland and Ice¬ 
land to the North Sea and off the coasts 
of Norway. Numbers have been so le- 
duced, however, that there is no longer 
any large and regular fishery for the 
halibut, although on a small scale oc¬ 
casional voyages are still made with 
halibut as a principle objective, and a 
carefully regulated fishery survives off 
Norway. 7’he present state of the fish¬ 
ery seems sad to one who in his forma¬ 
tive years heard fishermen talk proudly 
of th(‘ir captures of these fish. 



Fig. 98.—Statistical signs of overfishing. As a 
rt'sult of a natural expansion of the cod stock, 
fisliing incTeased at Iceland, especially between 
1925 and 1930 (broken line). The r€‘sult for 
haddock (not on cod) was a new lower lev<*l 
of annual yield (upper ^raph) and of catch per 
unit effort (lower graph). (From Clarke, 1954, 
p. 492; his modification of Russell’s version t)i 
CrahanTs figure!) 

Ill the northern part of the Pacific, 
hovx'cvcr, the story is very diflFerent, and 
this is duo to the initiative and enter¬ 
prise of Canada and the United States 
(Thompson, 1936). In the years from 
1925 to 1930, North American scientists 
found what they considered unmistak¬ 
able signs that their halibut fishery was 
heading in the direction that the other 
halibut fisheries had taken. The two 
governments therefore made a treaty 
and set up a commission, after which 
not only did the halibut fishery survive 
but the stocks on the grounds recovered 
and increased very greatly, so that the 
annual yield in recent years has been 


nearly 50 per cent above that when 
rtgulation was started in 1930. There 
IS no doubt in the minds of most fish¬ 
ery scientists that this result is due to 
the self-denying regulations of the 
countries concerned, which ordained 
that fishing should stop when a pre¬ 
arranged quantity of halibut had been 
taken from each of two areas. The ef¬ 
fect on the halibut has not, however, 
been to restore it exactly to what it 
was before large-scale fishing took 
place, for nearer banks are now harder 
fished, and so on. Man’s effect has not 
been erased; instead, there has been 
restoration of a basis for a profitable 
fishery. 

North Sea Fishes 

In northern Europe the North Sea 
has been one of the classical fishing 
grounds, for more than a dozen nations, 
for a very long time. It is naturaUy 
a productive area, both for ground-liv¬ 
ing fish such as plaice, cod, and had¬ 
dock and for “water-living” (“pelagic” 
is the technical term) fish such as the 
herring. But smack owners who had 
kept records could show how the an¬ 
nual catch per smack of the most 
valuable species fell during the period 
between 1860 and 1880. In the mean¬ 
while fishing was being extended far¬ 
ther into the deep water, to the north, 
and less esteemed species such as the 
haddock were being brought into the 
market. Even for the valuable species, 
the total catch each year was not fall¬ 
ing but was still rising somewhat. How- 
c'vcr, there can be no doubt that, even 
then, fishing was having an appreciable 
effect upon stocks of fish in the North 
Sea (Graham, 1943, p. 143.) 

It seems rather remarkable that this 
should be so. In the North Sea the 
principal method of fishing is that of 
dragging a trawl along the bed of the 
sea, and, if one works out the number 
of days tiawlers are absent in a year 
and the area that they can draw their 
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nets over during this period, one finds 
that the North Sea is fished over but 
once during the course of a year. Evi¬ 
dently, the fish are higldy localized, 
and evidently the fishermen know their 
grounds and routes. From about 1925 
to 1938 and again since about 1950, 
but not quite so severely, the stocks 
have been so low that trawlers have 
operated on the basis of a minimum 
possible profit. The hard life of fishing 
is not, then, attractive. Hours are long, 
a hundred a week compared with the 
landsman’s forty to fifty; separation 
from home is painful; and the physical 
conditions are hard. Now, the unprofit¬ 
ableness is self-created. This was dem¬ 
onstrated when during World Wars I 
and II the virtual cessation of fishing 
led to three- or four- or fivefold in¬ 
creases in weight density of stocks 
(Clark, 1948). That was due to greater 
survival in the absence of fishing and 
was shown partly in greater numbers 
and partly in greater average size of 
fish. The same story is more or less 
true for all regions neighboring the 
British Isles and for some stocks far¬ 
ther afield, including one or two—had¬ 
dock and plaice—in such productive 
areas as Iceland (Fig. 98). 

That history has been amply docu¬ 
mented, as the references in Graham 
(1952) show. It has also been discussed 
at length for a half-century, and an 
attempt is being made to improve the 
situation by introduction of mesh reg¬ 
ulations and size limits on fish. For that 
purpose an international permanent 
commission was established under the 
London Convention of 1946, and reg¬ 
ulations were put into force in 1954. 
However, it is not easy to devise suit¬ 
able remedies for the situation when 
a half-dozen valuable species overlap 
in distribution and are caught with a 
great variety of fishing gear by peoples 
of many nations. A similar convention 
between Great Britain and France in 
1839, which faced some of the same 


difficulties, was a failure (Johnstone, 
1905, pp. 7-8). But, with more nations 
involved, there is probably a stronger 
international will to succeed, and the 
fishing interests appear to look on the 
convention hopefully and as merely 
a beginning toward obtaining better 
fishine from these excellent stocks of 
fish. 

In a few places in the world, then, 
man has altered the ecology of the 
sea sufficiently to cause himself con¬ 
siderable embarrassment and is strug¬ 
gling to reinstate productivity. For 
many ether regions the condition is 
that, although the catch of fish per 
unit effort is falling, there is no sign 
that fishing is really too hard; the total 
yield is being maintained or rising. 
These two quantities do not go to¬ 
gether all the way; indeed, the largest 
catch per unit effort is obtained when 
there is only one ship engaged in a 
fishery, and usually me largest total 
yield is obtained when there are so 
many ships at work that none of them 
can get a reasonable living. 

CJmr.ges in Conditions for Species 

Earlier in this chapter it was con¬ 
cluded that phosphate in the runoff 
from the land could not appreciably 
affect the deep reserve in the sea, con¬ 
sidered as a whole. That is true. Never¬ 
theless there can be local effects. It 
has been found in the sea outside the 
vast conurbation of London (nine mil¬ 
lion souls) that the phosphate is often 
higher than can be explained by con¬ 
tributions from deeper water coming 
from the north or from the west through 
the English Channel (Graham, 1938). 
There can be little doubt that this high 
phosphate is utilized by microscopic 
plants, one species in particular being 
found in that neighborhood. It is called 
the Chinese Biddulphia, because it 
came to Europe in the early part of 
the century, apparently carried on the 
bottoms of ships trading from the China 
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Seas. Early in 1955 Biddulphia was uselul way of using the nutrients in 
found in the stoinuchs of inimitc plaice Iiuman sewage, although, indeed, it is 
larvae (Shclbourne, J. E., \ eibal com- a venerable and respectable method in 
munication), and, although it was not ancient China. 

the commonest organism j)rcs(.‘nt, it Al^cntion o£ Biddtihphia sinensis is a 
may well be that H docs contribute to reminder of a number of exotic marine 
thc*^ survival of the ]da;e(\ af a vital species taken from one part of the 
moment in its care e r, when its own ocean to anothe'r on ships’ bottoms, or 
yolk is almeisf nse'd iij) and vvJun it in ballast, or with transplanted shell- 



fic. 9y.— GraliaiJi’s manifesto on rational fishing. On (he l<dt the stock is ]k*Ic1 steady iineler a 
rale nl fishing (instantaneous, or logarithmic, rate) three times tliat on the right and costing, 
tlu reiDie, sonietliing like three tilings us much to generate. But the right-hand state produces 
as great a weiglit of fish as th(^ left, without counting the older survivors that e.xtcnd e)ff the page 
to the riglit. 1 he (isli are also a better run of sizes. Also, it is assumed, perhaps pessimistically, 
that when the stock is allowed to be more numerous, as on the right, only an equal number of 
rc'cruils. twenty, is still found. (From Clarke, 1954, p, 347.) 

niiisl hnd some other suitable food to fish. More interesting, perhaps, is tile 
give it ciu'igy to grow and survive. passage of species through the Suez 
'Ihcre iinist be other places in the Canal, including about twenty Red Sea 
world vyht'K sewage from cities has species of fish, which have had the 
some effect of the same kind on the help of the current in the canal (Ben- 
fisheries. Uow('ver, we may hope that Tuvia, 1953). 

concentrations of people to set up such So much for some of the effects that 
effects will not hecorne more but less man has had on the ocean in the past, 
common, and the recovery as fish can- Let us now consider what effects man 
not be rt'garded as necessarily the mo.st could have in the future. 
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i>)^OSPECT 

Strange as it may seem, it is possible 
that the yield of whales could be in¬ 
creased by fishing for them rather less 
hard. There are no data showing such 
a possibility for whales, and indeed it 
may not be so. Nevertheless, it is pos¬ 
sible, sometimes, to obtain a better 
crop of any living resource by a smaller 
rate of exploitation, as can be exempli¬ 
fied perhaps by considering fish rather 
than whales. 

Rational Fishing 

In the 1930’s fishery naturalists be¬ 
came aware that the possibility had 


let us consider that 20 fish represent a 
stock—which might really number 200 
million—with young fish coming in and 
old ones dying or being caught, but the 
number yet remaining constant, just as, 
in even a swift stream, a pool can 
retain the same level. In this case, 
which is quite realistic for hard-fished 
stocks, we suppose that a rate of fish¬ 
ing of 0.80 holds the stock level, that 
is, the average annual catch is 80 per 
cent of the average stock. The result- 
ing age census might be as in Table 2, 
which also shows average weights of 
fish. The catch would be 0.8 X 20 fish, 
of an average weight of 46/20 kilo- 


TAHU: 

( KNsi s oi Fish hv A(;k, and Wkioht 

(Avkkaok Anncai, (’at< h, ho I»kr Ci nt) 



arrived of controlling the yield of a 
fishery by controlling the rate of fish¬ 
ing (Fig. 99). Since then the theory has 
been worked out in great detail—indeed, 
transformed—by Beverton and Holt 
(1956). A childish example will serve 
to show the principle on which fishery 
management is now supposed to work, 
and undoubtedly does, to a first ap¬ 
proximation at least. 

It will be readily granted that, if 
one agent of death becomes able by its 
rate of fishing to claim more fish than 
die by all other agencies put together, 
then that agent has control of the aver¬ 
age age of the stock of fish; and the 
‘life-table" of the fish substantially is 
under that agent’s control. 

Having thus agreed that the rate of 
fishing could control the average age. 


grams, which is 0.8 of 46 kilograms, or 

36.8 kilograms. 

Now, let us suppose that a rate of 
0.70 would allow the census to alter 
to the steady level shown by age and 
number in Table 3. Then, using the 
same average weights, and one extra 
for the oldest fish, the weights of stock 
would be as shown as in Table 3, and 
the new catch would be 0.7 X 74, or 

51.8 kilograms. That is a gain in yield 
and shows how fishing less can catch 
a greater weight. 

If one looks closely at this compari¬ 
son, one can see that the gain is not 
automatic. The lower of the fishing rates, 
which allows greater survival to form 
a heavier stock, also takes less of that 
stock, and the gain cannot increase in¬ 
definitely. For example, it is diflBcult 
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to conceive of a 1 per cent rate of fish- gious number of seeds. Fish must lie 
ing giving a high annual catch; a 0 somewhere in between on this debat- 
per cent rate ccrUmilv cniilcl not able ground; many have an enormous 

In order that the arithmetic in the number of eggs, some two to four mil- 
example might he followed easily, I lion in the cod, for example, and for 
used convenient imaginary data. In this species it must happen but rarely 
Table 4, however, are tlie values for that a shortage of spawners is of great 
some North Sea species for a fishery significance at the levels of stock that 
using a trawl mesh 70 millimeters on allow any fishery at all. In other species 
the gauge. it may be that the hazards of larval 
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It will be noticed that the hypo¬ 
thetical example used has allowed noth¬ 
ing for an increase in the rate of re¬ 
production as the result of allowing the 
stock to Ix'coine heavier. There were 
still only six of the youngest class of 
fish allowed to enter the fishery. For 
mammals and birds it is probable that 
the main burden of the conservation¬ 
ists should iH- to make sure that suf¬ 
ficient young are being bom. By way 
of contrast, for inanv plants it is cer¬ 
tainly unnecessary to worry greatly 
about the secxling rate, and this prob¬ 
ably applies to a good many lowly or¬ 
ganisms, some of which have a prodi¬ 


life are so great that a heavy seeding 
is important. 

Thus, one of the effects that man 
can have on the sea is to arrange that 
it is populated with fish rather young¬ 
er than those naturally present but 
rather older than those left in an over¬ 
fished stock. For mankind, this would 
mean a somewhat greater annual pro¬ 
duction of food and very considerable 
reduction in the effort expended to ob¬ 
tain it. 

Latent Resources 

1. There are certain areas even on 
the high seas where something even 
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more like animal husbandry could be of 
value. In the middle of the Nortli Sea 
there is an ancient island, now sub¬ 
merged to a depth of from 30 to 60 
feet, called the Dogger Bank. It has 
an area of 6,214 square nautical miles; 
if it were a rectangle, it could be 113 
statute miles long by 70 broad. That 
area is for the most part well furnished 
with razor clams and other small clam 
species, which afford first-class food for 
plaice. The main plaice nurseries on 
the continental coasts are, however, 
separated from the Dogger Bank by 
deeper water, which the young plaice 
do not seem very willing to cross. At 
any rate, the Dogger Bank remains 
under-stocked. When plaice of a suit¬ 
able size are transplanted from the 
coast to the Dogger Bank, their growth 
rale in a linear dimension is doubled, 
which means that their rate of increase 
in weight is multiplied about eight 
times. Obviously it would not do to 
crowd the Dogger Bank with young 
fish; but it is usually thought that it 
would pay to plant the Dogger Bank 
with young plaice. There may be other 
areas of the high seas that are ame¬ 
nable to .similar treatment. Certainly 
there are a number of estuaries and in¬ 
shore areas where cultivation of fish 
or shellfish could greatly be increased. 

2. There has been for several years 
a good deal of rather naive specula¬ 
tion on the subject of making a me¬ 
chanical whale, to filter out vast quan¬ 
tities of plankton and make them into 
human food or cattle food. This does 
not seem very sensible, compared with 
obtaining the free services of herrings, 
which eat plankton and therefore con¬ 
centrate the product in a form in whic h 
man can obtain it more freely. Nor does 
it seem particularly promising to place 
nutrient salts in the sea in order to ob¬ 
tain greater growth of plankton and 
fish, although that has been done in 
salt-water lochs. 


3. One enormous source of valuable 
substances that is hardly touched at 
present is the food of the lost Steller’s 
sea cow, namely, the seaweeds. But 
using them more will not alter the 
ocean appreciably, confined as they are 
to coastal regions. 

4. One attractive major project might 
conceivably become practicable. That 
is to use atomic or other eiuTgy to 
initiate an upwelling current from the 
deep basic store of phosphate in some 
of the tropical areas that are at pres¬ 
ent barren, compared with those for¬ 
tunate' places where there is naturally 
an upwelling cool water rich in nu¬ 
trients (Cooper and Steven, cited by 
Finn, 1954, p. 492). 

5. Alternatively, or in addition, it 
may be possible to fish some of the 
larger animals that do already, we be¬ 
lieve, take advantage of the descent of 
organic matter to the depths and con¬ 
centrate it. There is the vast popula¬ 
tion of redfish in the North Atlantic al¬ 
ready referred to, and there may be 
('normous numbers of black scabbard 
fish in more southern latitudes; but the 
biggest numbers of all would surely 
be those of the squids, which formerly 
supported such a large population of 
sperm whales. Possibly, however, strict 
regulation of sperm-whaling might pro¬ 
duce the same result more efficiently. 

THE GREAT MATRIX 

It seems that the effect of man on 
the ocean has been small, that there 
remain relatively untouched sources of 
wealth, and that, even if these are 
greatly exploited in the future, the 
ocean will remain much as it is and has 
been during the human epoch. It may 
be rash to put any limit on the mis¬ 
chief of which man is capable, but it 
would seem that those hundred and 
more million cubic miles of water, con¬ 
taining every natural chemical element 
and probably every group of bacteria. 
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supporting evc'iy phylum of animals, 
moving on the* surface from the Ef^ua- 
tor toward the' poles, and rehirning be¬ 
low, stirred to many fathoms depth by 
the wind—it would, indeed, seem that 
here at the beginning and the end is 
(he git'at matrix that man can hardly 
sully and cannof ajipreciahly dt'spoil. 
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Influences of Man upon Coast Lines 

JOHN H. DAVIS" 


Coastal regions are the most con¬ 
tinually changing zones of the earth. 
In them many ceaseless and great forces 
and processes of nature are at play on 
a large scale, and man for all his efforts 
has had relatively little effect on them. 
He has, however, promoted some coast¬ 
al modifications by indirect influences 
upon a number of natural processes 
and aceomplislu'd some direct modifica¬ 
tions, of which the reclamation of land 
from the sea has been the most notable. 

Many geologic processes are involved 
in (he coastal conflict zone between the 
land and the sea, such as degradation 
and aggradation, diastrophic uplift and 
depression, faulting, slipping and thrust¬ 
ing, glaciation, vulcanism, and eustatic 
changes in sea level. Animals, such as 
corals and shellfish, and plants, such 
as mangrove-swamp forests and dune 
grass<\s and shrubs, take part in the 
struggle. The atmosphere joins in the 
fray by processes of slow weathering 
and the impact of violent storms that 
hurl the sea at the land. Many currents 
in iIk' sea, tides that ebb and flow, and 
('\'en the salinity and temperature of 
the water affect the coast. Rivers from 
the vast interiors of the continents 
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bring down loads of sediments, glaciers 
gouge out shores, and many materials 
are dumped into the sea in great vol¬ 
ume by these and other agents. There¬ 
fore, these tremendous forces and proc¬ 
esses need review before considering 
the influences of man upon coast lines. 

GEOLOGIC FEATURES AND PROCESSES 

The term “coast line” as used here 
includes features of both the coast and 
the shore line. “Coast” usually desig¬ 
nates wide zones involving both land 
and water, across which shifts the 
shore line, as the active narrow zone 
of contact between the land and the 
sea. “Coast” includes in its seaward 
part the tidal, littoral areas and some 
of the shallow, shoal-water areas and 
in its landward part the strand and 
some other parts of the coastal plain. 

Many types of coasts have been dis¬ 
tinguished and classified on the bases 
of their form and development. Some 
familiar ones are advancing coasts com¬ 
pared to retreating coasts; submerging 
coasts compared to emerging coasts; 
and drowned coasts compared to up¬ 
lifted coasts. Processes of marine ero¬ 
sion or retrogradation contrast with 
processes of deposition, progradation, 
or aggradation. These are stressed in 
some classifications of types, such as 
by Cotton (1954), who proposed three 
main kinds: (1) retrograding; (2) pro¬ 
grading by alluviation; and (3) pro¬ 
grading by beach-building. Many cliff- 
type retreating coasts are good exam¬ 
ples of the first type, delta coasts are 
examples of the second, and strand 
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coasts with beaches and dunes are ex¬ 
amples of the third. But any one of 
these types may change to one of the 
others, and cycles of change are the 
rule over long periods. In addition to 
these, there are compound coasts that 
combine the features of two or more 
of these three types, and there are 
coasts termed “neutral” that occur 
where very slow or no particular proc¬ 
esses seem in progress. 

In general, there is a geomorphic cy¬ 
cle of coastal development during 
which depositional and erosional forms 
develop through a sequence. Spits and 
bars are typical depositional features, 
and cliffs, some headlands, and many 
deep-water embayments are erosional 
features. The littoral and continental 
shelf sediments also shift about in cy¬ 
cles. 

Some coasts have been classified 
(Price, 1954) as high-energy coasts, 
where the wave, tide, wind, and other 
factors are intense and processes of 
change are rapid. In contrast, other 
such coasts are classified as low-energy 
coasts, where forces are moderate or 
small. The high-energy type produces 
either a high relief retrograding coast 
or a dune-forming prograding coast. 
The low-energy type is generally of low 
relief with shallow lagoons and em¬ 
bayments. 

There are also a few distinctive type 
coastal forms, such as coral-reef coasts, 
volcanic coasts, and glacial coasts. The 
coral-reef coasts are very extensive in 
the tropical regions; the glacial, in the 
polar regions. The retrograding and 
prograding features of any of these are 
very complex. 

Other complexities of the coastal 
processes are the factors of uplift and 
of depression of the land. Both are usu¬ 
ally due to active diastrophism that is 
very difficult to determine, especially 
when eustatic changes in sea level oc¬ 
cur at the same time. The uplifting 
process is taking place in parts of north¬ 


ern Europe and North America, where 
there is postglacial rebound due to the 
diminishing of glacial ice; and a down¬ 
ward depression of land is in progress 
in some regions, such as in parts of New 
Zealand. 

Man has been associated with most 
of these coastal forms and processes, 
has modified a few forms, and has in¬ 
fluenced a few processes. He has not 
been very effective along the high-en¬ 
ergy coasts. In general, most of his ef¬ 
fectiveness has been along the prograd¬ 
ing, outbuilding coasts in regions of 
low coastal energy, where the changes 
have been slow and where he could 
cope with the other forces of nature. 
On some of the degrading, retrograd¬ 
ing, and submerging coasts man has 
built strong structures, such as port and 
channel establishments, lighthouses, and 
forts, but only a few of these along 
high-energy coasts have withstood for 
long the ravages of the sea. 

During the whole Pleistocene period 
there were four or five major glacio- 
eustatic oscillations in sea level, result¬ 
ing particularly in rises during inter¬ 
glacial periods, which have been esti¬ 
mated by geologists and other scientists 
(Cooke, 1938; Russell, 1940). Paleo¬ 
lithic man was probably associated with 
one of these periods of sea-level change, 
and modem man has, since the last 
glacial period, encountered a slow but 
sure sea-level rise. This rise has not 
been continuous but has been inter¬ 
rupted by stillstands or slight reces¬ 
sions. At present the rate of rise seems 
relatively greater (Anonymous, 1952, p. 
11) than at other postglacial times, 
probably owing to a recently acceler¬ 
ated increase in the melting of glaciers. 
This was the case, for instance, during 
the Peorian interglacial period of the 
‘Tamlico Sea,” when a rise of about 25 
feet occurred. 

Without being fully aware of it, man 
has been combating the eustatic rise of 
sea level in many areas. He also has en- 
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countered land uplift or depression in 
a number of regions. But, in general, 
such changes have been so slow that 
they would n(jt have influenced his ac¬ 
tivities even if he had been aware of 
them. The recent period of rise of the 
sea and its very slow invasion of the 
land should, however, be taken into 
consideration wlien estimating the long¬ 
term effects of man upon coast-line 
changes in some regions; and it is pos¬ 
sible that man may have actively to 
combat sea-level changes, if they be¬ 
come more rapid, in future land recla¬ 
mations from the sea that he may un¬ 
dertake. 

IJIOLOCaC AND OTHER FEATURES 
AND PROCESSES 

IJfe in the intertidal, littoral zone 
and over shoal-water areas is very abun¬ 
dant and varied, as is also life on the 
strand dunes, cliffs, and similar areas 
above the tides. All these organisms are 
of some effect in coastal processes, but 
some, such as the shellfish and corals 
of the shallow-sea areas and the plants 
of the strand dunes and salt marshes or 
mangrove swamps, are particularly im¬ 
portant. The dune-forming and dune¬ 
holding plants play an important role 
over extensive areas of land, and the 
corals build emormous reefs and active¬ 
ly form new land areas. Even the algal 
growth, most significant as the initial 
part of the sea’s food chain of produc¬ 
tivity of organisms, is important in some 
ri’gioiis in both coastal processes. 

Man has used or influenced these or¬ 
ganisms in many ways, especially the 
shellfish that have been a part of his 
food supply for ages. He has for vari¬ 
ous puiposc^s changed the coastal 
marshes and swamps re¬ 

claiming many of the former for agri¬ 
cultural purposes. He has used plants 
to stabilize dunes, and recently he has 
dumped waste and other polluting ma¬ 
terials into the sea in such large quan- 
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titles that these have had influences on 
the local fauna and flora. 

The atmosphere has been influential 
mainly through violent storms that in 
a few short hours have undone the ef¬ 
forts of man over centuries. Winds, al¬ 
ternating cold and warm conditions cre¬ 
ating ice and then its melting, and the 
slow weathering processes of the at¬ 
mosphere have all been significant. 
These and other factors will not be 
enumerated further. 

THE HUMAN FACTOR 

C^ur present concern is the relatively 
small role of man as one of the biologic 
factors. Although insignificant as com¬ 
pared to much greater natural proc¬ 
esses, man has beem influential upon 
some coast-line areas and upon some 
processes which are in many instances 
very important to him. Man is also 
partly a product of the complex envi¬ 
ronment of coastal regions, along which 
he has engaged in many varied activi¬ 
ties for thousands of years. In his rela¬ 
tion to the coasts, sea, and land he may 
be classified into three ecological types, 
each of which in some way affects dif- 
fcTcntly from the others the coast-line 
processes and forms, namely, (1) mari¬ 
time men; (2) coastal men; and (3) 
inland men. 

Maritime men are similar to pelagic 
animals because they are dependent 
mainly upon the open sea for their live¬ 
lihood. Their use of coastal land areas 
has been mainly as domiciles and ports, 
and some of the structures of their great 
ports have persisted for centuries. In 
some cases their establishments have 
aided in the stabilization and enlarge¬ 
ment of areas upon which they were 
built, especially the lighthouses and 
forts. These port, channel, and other 
structures erected by maritime men are 
discussed more fully by Klimm in the 
chapter that follows. 

Coastal men are those who claim and 
use both the land near the sea and the 
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shallow-water areas of the sea. Their 
commerce and fishing are usually near 
shore. They catch fish, gather shellfish, 
and build towns and villages on the 
strand and in small embayments. Their 
coastal activities have been so numer¬ 
ous and varied that their total eflFect 
has been significant. One of their most 
persistent activities has been the build¬ 
ing of shell mounds, which are large 
piles chiefly of refuse resulting from 
various uses of shellfish. These mounds 
are so extensive on the Atlantic coast 
from Newfoundland to Florida and on 
the coast of the Gulf of Mexico that in 
some parts they occur along as much as 
10 per cent of the shore line. They also 
occur in many other parts of the world. 
Many of these mounds have been in¬ 
strumental both in holding the coast 
line against retrogression and in aiding 
progression. Coastal men also engage 
in some agriculture, particularly in con¬ 
junction with inland men crowded to¬ 
ward the sea by population pressure. 
These two have carried out some of the 
great projects of land reclamation from 
the sea. 

Inland men have been afraid of the 
sea because it was strange to them, and 
the term “landlubber” suits them ad¬ 
mirably. However, they have sought 
the sea or been forced toward it for a 
number of reasons—for pleasure, recre¬ 
ation, commerce, and agriculture. Their 
activities near or at the sea have grown 
in proportion with increases of popula¬ 
tion and with increased desire for rec¬ 
reation, made possible by rising stand¬ 
ards of living. They have built cottages 
and fashionable hostelries along some 
coasts to avoid the heat of summer or 
the cold of winter, and such activities 
have become very extensive in areas 
such as Florida, California, and the 
Mediterranean. These structures often 
rest on dunes or on filled-in areas of the 
tidelands, and numerous groins, jetties, 
sea walls, and other devices have been 
constructed to protect this valuable 
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property from the erosive forces of the 
sea (Fig. 100). The agricultural activi¬ 
ties of inland men have impelled them 
to undertake some great land reclama¬ 
tions, especially in the Low Countries 
of Europe. For thousands of years they 
have taken advantage of good soils of 
delta regions and have influenced delta 
development at the mouths of many 
great rivers, such as the Tigris-Euphra- 
tes, Nile, Po, and Ganges. 

DIRECT AND INDmECT INFLUENCES 

Many of the efforts by these three 
ecological types of men to improve 
their lot on the earth have had both di¬ 
rect and indirect influence on coast-line 
changes. Direct efforts have been made 
mainly toward harbors and channels, 
some agricultural reclamation develop¬ 
ments, and the retardation of erosion 
along beach and dune areas. In these 
connections some of the progradational 
geologic processes that were present 
have been encouraged, but in most 
cases man has merely fought back the 
retrograding activities of the sea. Since 
the ancient past, maritime and coastal 
men have been most instrumental in 
these direct influences, but recently in¬ 
land men have increased their direct ef¬ 
forts, especially in agriculture and in 
the prevention of beach and dune ero¬ 
sion. 

In general, the indirect influences 
liave been so well integrated with, or 
submerged in, the geologic and other 
processes of nature that they are very 
obscure and difficult to calculate quan¬ 
titatively. They include some activities 
of inland men that occur far inland, 
such as deforestation, farming, and min¬ 
ing in the drainage basins of the rivers 
that enter the sea. Such activiti(\s re¬ 
sult in soil erosion, which is reflected 
by increases in river sedimentation and 
the extension of coasts at the mouths of 
many rivers; but the amount of such in¬ 
creases is very difficult to estimate. 
Fishing activities, for both shellfish and 
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swimming fish and including the cul¬ 
ture of fish, have had mainly an indi¬ 
rect influence. Pollution of waters by 
urban and manufacturing developments 
has greatly increased since the indus¬ 
trial revolution, particularly in areas of 
Western civilization, and some effects 


are apparent in coastal changes. For 
example, perhaps the most indirect ef¬ 
fects are seen in the few cases of radi¬ 
cal upset of the biological balance in 
nature, such as disturbance of coastal 
shellfish and bird life. 

Man, in fact, is part of the total of 
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natural forces, and he acts within a 
complexly integrated whole of natural 
processes. For this reason many of his 
activities indirectly affect numerous 
conditions along the coasts. Farming in 
the flood-plain and delta areas has had 
both direct and indirect effects, but how 
and how much is uncertain. We know 
little of the total or multiple effects of 
all these indirect activities, and it will 
be difficult to predict some of the fu¬ 
ture influences. We might expect that 
the large-scale use of atomic, fission¬ 
able materials would upset many of the 
biological balances in nature as well as 
have some direct topographic effect on 
such particular areas as those in the Pa¬ 
cific, where bomb tests have recently 
been made. The following descriptions 
exemplify types of human activities that 
have either directly or indirectly modi¬ 
fied coast lines of particular areas. 

SOME REGIONS OF PROLONGED CHANGES 

Some of the oldest continuous civili¬ 
zations have flourished along rivers 
where sediments in their valleys and at 
their deltas furnished alluvial materials 
useful for both agriculture and urban 
development. Some notable examples 
are the Mesopotamian region of the 
Tigris and Euphrates rivers, the Po 
River Delta region of Italy, the Nile 
Valley and Delta, the Ganges Valley 
and Delta, and the Hwang Ho, or Yel¬ 
low River, Valley. The civilizations of 
the Volga, Danube, Rhone, and Rhine 
rivers in Europe and of the Mississippi 
in America have in some cases been of 
relatively short duration, but they also 
have affected sedimentation at the river 
mouths. Of these, the greatest contin¬ 
ued changes probably have occurred in 
the Mesopotamian region, which in¬ 
volves the Persian Gulf as well as the 

1. Many sources have been used for history 
and changes in Mesopotamia, among which 
are: Strabo (1917-50), Ritter (1843), Raw- 
linson (1854), Putzger (1931), Hogg (1910- 
11), and personal correspondence (1954) 
with Youseph al-Jebori of Baghdad. 
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two rivers and their valleys. Shorter- 
term changes are noticeable in north¬ 
ern Italy along the Adriatic Sea. 

Mesopotamia and the Persian Gulf 
Lowland areas that lie between and 
flank the Tigris and Euphrates rivers 
inland from the head of the Persian 
Gulf have been the home of a number 
of ancient and modern civilizations. The 
coast line in this region has changed 
during recorded history (Fig. 101), and 



I k,. 101.—Changes in the mouths of the Ti- 
gri.' and Euphrates ri\<;rs and in the Persian 
C.ull area since the se\enti» c*entury b.c. (After 
Putzger, 1931, and other atlases.) 

the civilizations have had some effects 
on these changes.^ The main human in¬ 
fluences have been canal irrigation, 
drainage, and farming systems along 
and between these two rivers, which 
have affected the alluviation and other 
changes in the region and at the mouths 
of the rivers entering the Persian Gulf. 
This region has supported large popu¬ 
lations that have done much construc¬ 
tion and farming. 

Geologic evidence shows that the 
Persian Gulf shore line, during an in¬ 
terglacial period, was probably above 
Ramadi at Hit on the Euphrates River 
and above Baghdad on the Tigris River. 
At this time human activity had little 
effect on it. However, during the Su- 
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cd,u,. period, perhapr .a ..riy r”h.“ »d 
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tion canals began, and ' y shifted their courses over the plain, in 

shore line of the Fers.an C.u f duiing sMtea rn encouraged or made by 

the second and -“X'Cohra: "aT uch aftl.: shift accomplished by 

indicate that the mon h o the Eugra man, s^ straightened a 

tes J"‘‘tew^miles of the Euphrates. The Tigris 

othc rt Ll^urnot,.d that' the Euphra- has changed less than the Euphrates. 

tes had'l separate mouth to the gulf Both rivers almost converged )ust south 

until about the seventh century b.c. and of Baghdad when early iriigation by 
that tlie men of Erech dammed this canals was begun, and the canals prob- 
mouth Ur is noted in some old descrip- ably extended between the two rivers, 
ions as the chief s.^aport of the Sumeri- The Euphrates has progresswely shifted 
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The present, single river, the Shatt- 
al-Aiab, that takes the waters of both 
the Tigris and the Euphrates to the Per¬ 
sian Guli, is about 123 miles long, and 
the combined river flood plain and 
delta region from ancient Ur and La- 
gash to the present delta mouth covers 
more than 2,000 square miles. The 
Shatt-al-Arab Delta in modem times, 
between 1793 and 1833, extended itself 
near Fao at the rate of 53 feet per an- 
miin, aeeording to Rawlinson (1854). 
Other estimates of Mesopotamian delta 
increase indicate a linear extension of 
nearly 180 miles from the ancient 
mouth of the Euphrates River to the 
present mouth of the Shatt-al-Arab dur¬ 
ing a period of about forty-five hundred 
years. The rate of the extension of the 
delta now seems to be about a mile per 
seventy years, which is slower than the 
olde r Tiite of change if 180 miles of land 
wei c added in forty-five hundred years. 

Although all these distances, areas, 
and time intervals are but approximate 
estimates, nevertheless the total land 
area developed in the ancient embay- 
inent ot the Persian Gulf has been 
groat. Progressive delta and river dep¬ 
osition, mainly by alluviation, has been 
responsible for most of the great plain 
of Mesopotamia, covering some 35,000 
square miles and with a gradient of 
only some 100 feet from Baghdad to 
the sea. This plain is below sea level 


has the greater load of sediments and 
has built up the larger riverine deposits. 

In addition to this ancient type of ir¬ 
rigation farming and city development, 
there were upland, inland activities that 
had their indirect effects. The hills and 
mountains of northern Iraq and Iran 
and adjacent countries were denuded 
of their forests, and grasslands deteri¬ 
orated over many centuries of use and 
exploitation by numerous civilizations. 
Erosion over these uplands increased 
the sedimentary loads of the rivers, and 
this probably increased the alluviation 
in the plain of Mesopotamia, especially 
by floods, which at present occur be¬ 
tween February and June, when melt¬ 
ing snow and rains convey heavy loads 
of red mud to the rivers. There is some 
evidence that these annual floods for¬ 
merly did not occur. In the old records 
and legends of Sumeria and Babylonia 
there are no references to floods, which 
suggests that floods probably followed 
the advent of intensive settlement and 
agriculture that led to eroded uplands. 

Some effects of canals and irrigation 
in retarding sediment at the delta 
mouths of these rivers are shown for 
three periods in the history of Meso¬ 
potamia. From the beginning of the 
Christian Era to about the ninth cen¬ 
tury A.D. the canal systems were neg¬ 
lected; the few records of this period 
indicate a greater formation of delta 



511 


Injluences of Man upon Coast Lines 


than before the canal systems were ex¬ 
tensively used. During the five-century 
period of the caliphate that followed, 
canals and cultivation were extensive¬ 
ly developed; delta formation, together 
with coastal extension, decreased. The 
Mongol invasions abruptly ended this 
period with the destruction of most of 
the irrigation system; ever since, the 
rate of the coastal extension has been 
greater than during the caliphate pe¬ 
riod. 

It seems, therefore, that a complex of 
many direct and indirect activities has 
affected the long-term development of 
Mesopotamian coastal extension. The 
direct effects have been very few, and, 
while some of the canal and other agri¬ 
cultural activities have indirectly re¬ 
tarded rather than accelerated the nat¬ 
ural processes of progradation of land 
into the sea, inland devastation has ac¬ 
complished an increase in this progra¬ 
dation. 

The Italian-Adriatic Sea Coastal 

Region 

The Italian coast from south of 
Ravenna north and eastward almost to 
Trieste has been extending itself into 
the Adriatic Sea for at least twenty cen¬ 
turies (Putzger, 1931). This region was 
described at about the time of Christ 
by the Greek geographer Strabo (1917- 
50, pp. 309, 313-15) as follows: “Now 
this whole country is filled with rivers 
and marshes. . . . Of the cities here, 
some are wholly island, while others are 
only partly surrounded by water." He 
noted about the ancient city of Ravenna 
that “at tides the city receives no small 
portion of the sea, so that, since the filth 
is all washed out by these . . . the city 
is relieved of foul air." Today this city 
is 6 miles inland, and most of the other 
ancient coastal cities, such as Adria and 
Aquileia, are also inland. Brown reports 
(1910-11) that the encroachment of 
land on the sea has been at the rate of 
about 3 miles in a thousand years. 


which amounts to approximately 200 
square miles of increase in land area 
along this coast since about 200 b.c. 

As noted by Brown {ibid., p. 995), 
“a strong current sets round the head 
of the Adriatic from east to west. This 
current catches the silt brought down 
by the rivers and projects it in long 
banks, or lidi, parallel with tlie shore. 
In process of time, as in the case of 
Venice, these banks raised themselves 
above the level of the water and be¬ 
came the true shoreline, with lagoons 
behind them." 

Most of this Italian coastal extension 
has been by the action of this Adriatic 
Sea current on the sediments brought 
down by the rivers, particularly the Po, 
which has helped fill in the lagoons 
formed behind the barrier lidi—and has 
built deltas. The activities of man on 
the upland watersheds drained by these 
rivers have been long, and his intensive 
agriculture, causing denudation and in¬ 
creasing the sediments of the rivers, 
has promoted progradation. In this way 
man has indirectly aided in extending 
the Italian coast line. 

Other Changes in Delta Regions 

Many other delta regions in Asia and 
Europe have been affected, but reliable 
information about most of them is very 
fragmentary. There has probably been 
some extension of the Nile Delta: ar¬ 
cheological evidence indicates that man 
has occupied it since before the dynas¬ 
ties, and cultivation in the delta has 
been intensive and of long duration. 
Since the building of the city of Alex¬ 
andria, just prior to the Christian Era, 
all but two of the seven distributaries 
of the Nile over this delta have become 
filled or nearly filled, though no appre¬ 
ciable extension of the coast has been 
recorded recently. 

The Mississippi River Delta has prob¬ 
ably accelerated its extension since tin* 
advent of European man into the mid¬ 
continent areas of North America. In- 
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land deforestation, soil erosion, straight¬ 
ening of the river channel, and pollu¬ 
tion have been indirect causes of in¬ 
creased sedimentation at the delta 
mouths. The construction of levees and 
jetties in tli(‘ delta lias been a direct 
cause of land extension. But the ex¬ 
tension so caused has been only a few 
miles at most. 

DiREc r kec:lamation 
Most of the continuous, extensive, 
and direct reclamation has been in Eu¬ 


type of reclamation, of which the fen- 
tvpe marsh development in England is 
an example. Both of these will be de¬ 
scribed briefly. Both are the result 
mainly of the combined efforts of in¬ 
land and coastal men driven to the ne¬ 
cessity of developing land from the sea. 

Low Countries Polder-Development 

Reclamation 

The early, partly civilized peoples of 
the Low Countries built mounds in the 
moorland marsh and swamp areas for 
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Fig. 102.—Zuider Zee* Dam, The Nethorhuids. Twenty miles long, the dam separates the 
Wadden Sea, on the loft, from the fresh-water lake, on the right. Polders, like those in the fore¬ 
ground, will be do\eloped frf)m this lake by drainage and pumping, as shown in Fig. 103. (From 
\’an ^'e<•n, 1948.) 


rope, ( spi cially in the Low Countries 
along the North Sea, where the deltas, 
estuaries, embay meats of many kinds, 
and lagoon areas between the barrier 
islands and the mainland have been 
modified by many kinds of engineering 
and agricultural endeavors. The most 
extensive of these ha.s been the building 
of a system of dikes and canals which 
inclose various drained areas known as 
polders. Other lowland, coastal re¬ 
gions have experienced a less direct 


probably a thousand years before their 
•successors began building dikes about 
A.D. 900. Since that time dike-building 
and polder development by drainage, 
dredging, and pumping have increased 
until the total area claimed from the 
sea is probably a million acres of farm 
land, pastures, and sites for towns and 
cities.^ Most of these areas are in Bel¬ 
gium and in the Netherlands (Figs. 102 
2. Most of the information about reclama¬ 
tion in the Low Countries is derived from Van 
Veen, 1948. 
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and 103). Reclamation is now even rograding activities of the sea, includ- 
more intensely pursued, and very ex- ing such violent storms as that of Feb- 
tensive projects, such as the Zuider Zee ruary, 1953, many of the reclaimed 
development, will add over a million areas have been lost. Also, incorrect en- 
and a half acres to these regions by gineering in the building of dikes and 
about 1980. the dredging of channels has caused the 

Part of this development is in a re- loss of some areas. The cumulative to- 
gion where delta channels of the Rhine, tal of these losses has been estimated 
Maas, and Scheldt rivers bring in fluvial at nearly two-thirds of the total area 
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Fig. 103.~Outer, or sleeper, dikes. The Netherlands. These dikes, built against the sea, protect 
the polders to tlie right. Strong stone groins protect the dikes against excessive marine erosion. 
(From Van Veen, 1948.) 


clays and where marine deposits accu¬ 
mulate back of barrier islands. Organ¬ 
ic materials, especially peats and mucks, 
also accumulate in the moor-typc 
marshes. Fresh-water lakes, some natu¬ 
ral and some artificial, are present. The 
whole region is being drowned both by 
the eustatic rise of sea level and by the 
downward movement and settling of 
deposits and soils. As a consequence of 
these geologic changes and of the ret- 


clainied from the sea. But now most of 
the former polders have been restored. 
These, together with new projects, such 
as the Zuider Zee and Wadden, will in¬ 
crease the total area far beyond that of 
all the former reclamations. 

Construction of the outer or watcher 
dikes formerly was slow and accom¬ 
plished mainly by the use of willow 
mats and clay. Now, many improve¬ 
ments have hastened construction and 
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made the dikes stronger—stakes, fitted 
basalt blocks, bricks, and concrete—and 
with modern machinery much larger 
projects are being undertaken. Many of 
the dikes are massive and in some parts 
wide enough for villages and towns. 
The inclosures behind the dikes are 
subdivided by secondary dikes and 
canals and are drained by electrical and 
engine-type pumps that have replaced 
the old, picturesque windmills. Dredg¬ 
ing has become more efficient and im¬ 
portant; canals and rivers are kept deep 
enough to carry off flood waters better 
than formerly. Much of the recent rec¬ 
lamation has been attained by pump¬ 
ing dry the lakes formed behind the 
watcher dikes, and the watcher dikes 
are now better protected from erosion 
by a series of heavy groins. 

The soils of the polders are usually 
drained, reflooded with fresh water, 
and variously tilled to lessen their salin¬ 
ity and make them suitable for many 
different crops. In some areas the cal¬ 
cium deficiency of the soils is overcome 
by using gypsum. Outer dike construc¬ 
tion is the chief means of extending this 
reclamation farther and farther out into 
the sea. 

This coastal reclamation has notably 
affected the ethnic group known as the 
Frisians, who for centuries were typi¬ 
cal coastal men living along the sea 
front of nearly all the Low Countries. 
These peopl(\ refusing to become agri¬ 
culturists, liava^ moved away from many 
reclamation areas and now reside main¬ 
ly on th(‘ northern border of the Neth¬ 
erlands and in Denmark. 

Fen-Type Reclamation 

Marshy vegetation areas are known 
in England and in a few other coun¬ 
tries as fens. Some of them near coasts 
have been variously drained to trans¬ 
form their flooded, wet-land character 
for farming and industrial uses (Darby, 
1940, 1952). In many other places this 


reclamation has been applied to inland 
areas, and no coastal areas have been 
directly influenced. But in one large fen 
area in the eastern part of England, ad¬ 
joining the North Sea embay ment 
known as the Wash, fen reclamation has 
been so extensive and of such long du¬ 
ration that some increase of land into 
the Wash has resulted. 

This fen region of nearly 1,200,000 
acres was not in any part reclaimed un¬ 
til work began in it about 1640. Some 
canals for draining small areas had been 
constructed during the Roman occu¬ 
pancy before the fifth century a.d., but 
these canals had fallen into disuse. Rec¬ 
lamation, after the seven teen th-cenliiry 
beginning, was slow and covered only 
small areas until the last century and a 
half, during which most of the fen 
drainage finally was accomplished. The 
main method of reclamation has been 
to convert the many small rivers of the 
region into canals by improving their 
banks and channels so that they drained 
the marshes more efficiently. Gravity 
drainage was first used; later, dikes, 
field drains, canals, and pumps were 
established. 

The native, coastal-type people of 
these fens were fishermen, fowlers, and 
sod-gatherers, who led an almost am¬ 
phibious life, and it was because of 
their resistance to the drainage proj¬ 
ects that no well-co-ordinated develop¬ 
ment occurred until the king’s govern¬ 
ment began some of the reclamation. 

That there has been some extension 
of land area into the Wash embayment 
is due to increases in sedimentation at 
the mouths of the rivers used in the rec¬ 
lamation project New land thus added 
to the Wash since the eighteenth cen¬ 
tury is computed at about 90,000 acres, 
principally in the areas between Wel¬ 
land and the Great Ouse. Most of this 
type of modification is due to indirect 
rather than to direct efforts. 
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FORESHORE, BEACH, AND DUNE 
PROTECTION 

Beaches, dunes inland from them, 
and the shallow foreshore areas to sea¬ 
ward are becoming increasingly impor¬ 
tant for recreation and for vacation 
homes. Some forest and pasture devel¬ 
opment also is occurring in some dune 
areas. Man's efforts are concerned main¬ 
ly with protection of the strand from 
excessive erosion, the stabilization of 
the beaches and dunes, and, in some 
favorable places, the seaward extension 
of the strand areas. Mechanical means 
are employed in the foreshore waters 
and along the lower parts of the 
beaches, but both mechanical and veg- 
etational means are used on the upper 
beaches and on the dunes or other in¬ 
land parts of the strand. 

Engineering Devices 

Mechanical methods of protection 
and enlargement of the strand have not 
proved very successful, mainly because 
many of the projects were started after 
the onset of retrograding processes, and 
these processes have not been appreci¬ 
ably curbed. In fact, as stated in an en¬ 
gineering bulletin (Anonymous, 1952, 
p. 1), “Too many of the things men do 
to improve beach-fronting property 
merely increase these rates of erosion 
—valuable sea beaches have almost dis¬ 
appeared due to the harmful effect of 
certain unwise improvements." Man has 
thus changed the coast line by direct 
action but not in the manner that he 
planned. 

Some of the engineering devices used 
for protection are heavy sea walls and 
light bulkheads located on or near the 
upper beach and the seaward face of 
the strand scarp, dune, or bluff. Revet¬ 
ments also are used to hold the upper 
or sloping faces of these structures and 
as suidacing over the dunes and bluffs 
near them. In some areas a number of 
foreshore, shallow-water structures, such 
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as groins, pilings, and jetties, arc con¬ 
tinuous with onshore structures. 

Sea walls frequently cause a deple¬ 
tion of beach sands, because the high- 
wave action against them pulls the 
sands away from the base of the walls. 
This process and the enhanced pound¬ 
ing of violent storm waves often cause 
sea walls to be undermined or breached. 
The less heavily constructed bulkheads 
are usually used along coasts of low 
energy and are especially effective 
where mud sedimentation occurs. The 
methods of building and maintenance 
of these structures usually improve as 
the areas protected increase in value, 
and these practices are leading to bet¬ 
ter-managed erosion control, often re¬ 
sulting in some coastal extension. 

Groins (Figs. 100, 103) and jetties 
are the two types of foreshore and on¬ 
shore structures most used either alone 
or in conjunction with shore structures. 
Jetties are usually the more massive and 
ordinarily are employed along channels 
and harbors. Groins are extensively 
used to slow beach erosion and to build 
beaches. They are designed to take ad¬ 
vantage of the longshore currents that 
drift the sediments along the beach, and 
they vary in height, length, materials 
used, and angle of set toward the 
beach. Groins usually are developed in 
a series, so that their spacing, length, 
and height form a tapering system. 
However, there is disagreement as to 
whether the direction of taper of the 
series should be toward or away from 
the currents—a disagreement which is 
caused by the dissimilarity of coastal 
situations. It is difficult also to predict 
the amount of beach drift so as to build 
the groins in anticipation of this drift. 
Consequently, these groins often fail to 
check erosion or to extend a beach. 
Some of the best-built, heavy groins are 
used in connection with the Low Coun¬ 
tries system of dikes. The great value 
of the dikes they protect has warranted 
their extensive development. 
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Revetments of many types are used 
behind sea walls, dikes, and jetties, or 
on their tops, to prevent the erosion of 
their sloping faces or upper surfaces. 
Riprap, brush mats, clay, asphalt, and 
concrete are employed. As coastal pro¬ 
tection becomes more and more neces¬ 
sary, the types of revetments are im¬ 
proved. 

Dune and Upper-Beach Stabilization 

Stabilization of the dunes and upper 
beaches is important because they are 
“the savings account of the beach, de¬ 
posits made in time of surplus to be 
drawn out in time of need” (ibid., p. 
11). Mechanical methods, such as some 
retaining walls and revetments, are em¬ 
ployed, but most effective have been 
the use of the natural vegetation and 
the development of plantings of herbs, 
shrubs, and trees. Iii addition the nu¬ 
merous buildings, such as homes, ho¬ 
tels, and motels, constructed mainly by 
inland men, have served as factors for 
stabilization. 

Tlie natural vegetation is improved 
mainly by promoting, in accordance 
with some of the principles of plant 
ecology (Kurz, 1942), the progress of 
plant-community succession on the 
dunes, so that the normal change to¬ 
ward a climax forest or scrub type of 
vegetation is more rapidly developed. 
Some conditions are also made better 
for the pioneer, dune-forming herbs 
and shrubs, so that they may begin 
dune stabilization more rapidly and in¬ 
tensely. 

The planting method (Chapman, 
1949; Van der Burgt and Bendegom, 
1949) is widely practiced from areas 
bordering the Baltic Sea to the Ninety- 
Mile Beach in New Zealand. Foreign 
species and favorable native species are 
both used, one of the most common 
choices being the marram grass, Am- 
mophila arenaria. A hybrid Spartina 
grAss, S. townsendi, is also employed in 
dune swales and over tidal areas. 
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Woody plants are extensively used, and 
in some cases useful forests are devel¬ 
oped. Among the many species of co¬ 
nifers are Pinus maritima, P. austriaca, 
P. nigra corsicana, and Picea falcata 
sitchensis; among the hardwoods are 
species of Betula, Quercus, Populus, AU 
nus, and Salix, which are planted main¬ 
ly in the damper, swale parts of the 
strand. Wattles, fences, stakes, and 
other mechanical means are used in 
conjunction with the plantings to stop 
some movement of sands, especially in 
Germany and Algeria. 

Most of the plantings are either line 
or group plantings, the choice usually 
depending upon the mode of growth of 
the species used. Most of the grasses 
grow in lines or rows by rhizomes, and 
the lupines grow in groups. The sys¬ 
tems of planting are also related to the 
topography, wind, and drift character 
of the sands. In some cases these plant¬ 
ings have actively promoted the exten¬ 
sion of the dunes and the beaches out¬ 
ward into the sea. 

As economic importance of the 
strand areas increases, these methods 
of dune and beach protection and 
stabilization are becoming extensively 
and intensively used to insure the main¬ 
tenance of increasingly valuable prop¬ 
erty. Co-operative efforts of engineers, 
plant ecologists, agronomists, and for¬ 
esters have been necessary, because the 
problem of dune management is com- 
2 :)Iex. The utilization of dune areas for 
pasturage and forests probably will in¬ 
crease as better methods of handling 
the vegetation and plantings are de¬ 
veloped. But the most intensive use of 
strand areas is in some recreational 
regions where the habitations and other 
real estate improvements have, in many 
cases, acted in favor of dune stabiliza¬ 
tion. 

Habitations along Coast Lines 

Extensive developments of coastal 
area property for recreation and vaca- 
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tion living have greatly increased re¬ 
cently, particularly along the Florida 
and California coasts. In Florida many 
hotels have been built near the beaches 
since 1946. The total development of 
coastal property in Florida is now over 
150,000 acres of both the strand and 
the littoral areas. Some of these areas, 
such as part of Miami Beach, have been 
reclaimed from the littoral, mangrove 
swamps and salt-water marshes, but 
most of them are developments of 
strand dunes, such as those near the 
St. Augustine and Daytona beaches. 

The houses, hotels, motels, and other 
constructions help hold the dunes by 
their presence, which aids in keeping 
the sands in place. The lawns, gardens, 
walks, and road-paving associated with 
these buildings also contribute to dune 
stabilization. Both the well-sodded 
lawns and the hard-surfaced roads are 
important factors, because they usually 
cover more area than do the buildings. 
In many instances the ornamental 
shrubs and trees used to landscape the 
property have proved even more effec¬ 
tive than the original vegetation in 
holding the dunes or the filled littoral 
areas. In general, as real estate values 
increase, the newer beach property 
developments are better landscaped 
than the older ones, thus increasing 
their efficiency in dune protection. 

SOME INLAND SEA AND LAKE CHANGES 

Some of the inland seas and lakes 
have recently been the scene of exten¬ 
sive human activity which has had 
notable effects upon coast lines. Among 
these are the changes in the offshore 
areas and coasts of the Caspian and 
Aral seas owing to large-scale develop¬ 
ments of dams for power and irrigation 
on the rivers supplying water to these 
seas (Taskin, 1954; Field, 1954). 

The Caspian Sea is shrinking in 
volume, anci the coasts are now extend¬ 
ing into it much more rapidly than 
formerly because of engineering activi¬ 
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ties on the rivers entering it, particulai 
ly the Volga. An evidence for the effect 
of power dam and irrigation projects 
is that, soon after 1932, when these 
projects began, the water level in the 
Caspian Sea fell progressively each 
year. There had been fluctuations in 
this water level before 1932, but 
records show that these have been most 
intensive since that date. Very good 
evidence of the effects of the dams is 
the fact that lowering of the water level 
was definitely retarded during the 
period of World War ll, when dam 
constiuction halted; since then a fur¬ 
ther increase in dam construction has 
caused the rate of lowering to increase. 

A similar and potentially more ex¬ 
tensive lowering of water level is be¬ 
ginning in the Aral Sea Basin with the 
development of irrigation projects on 
the Amu Darya and Syr Darya, which 
supply most of the water to this sea. It 
is the aim of these projects eventually 
to divert for irrigation most or all of the 
waters of the rivers from entering the 
sea. It has been calculated that within 
twenty-five years the water area of this 
sea will shrink to half the size that it 
was in 1940, when the irrigation projects 
began. This would bring about an in¬ 
crease of nearly 13,000 square miles of 
land area. 

Other navigation, power, and irriga¬ 
tion projects on all continents have 
variously affected the coastal areas 
around lakes and inland seas. In many 
cases the bodies of water have been en¬ 
larged, and in some cases new bodies 
of water have been created. In the 
Great Lakes region of North America 
the main efforts have been to keep the 
water levels stable, with the result that 
coastal changes have been minor. 

ADDITIONAL EXAMPLES OF 
INFLUENCES 

Fishing Activities 

One of the general and long-term 
activities of coastal men has been the 
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gathering of shellfish for food and 
other purposes. As a result of this, nu¬ 
merous shellfish mounds have been left 
along many coasts, and they have aided 
progradat/onaJ proa'ssrs in a number 
of instance's. Sf>rrie of them are large 
and liiivc been cfJcctivc in holding their 
areas against erosion, he^Iping to form 
headlands or capes in some places, 
lliese and many smaller mounds are so 
numerous along parts of the Atlantic 
coast of North America that they occur 
over TK'ai ly 10 per cent of some areas, 
such as parts of the Florida coast, and, 
consequently, their total effect in sta- 
bili/,ing coasts and as progradational 
agents has been great. Many of them 
are old structurf\s, dating back a few 
thousand years. 

Ih'cently shellfish have been culti¬ 
vated as well as gathered, especially in 
the Orient. This activity has increased 
sedimentation in some littoral and 
shoal-water areas, such as Manila Bay, 
and in this way has promoted prograda¬ 
tion of coast lines in a few places. 

Only a few of the numerous methods 
of catching fish have in the past had 
any appreciable effect on coasts, but 
one of these, the construction of long 
stone weirs to trap fish in some Pacific 
areas, has influenced sedimentation. 
However, the cultivation of fish in tidal 
basins and other pools (McIntyre, 
1954) lias recently been increasing and 
is causing some coastal changes. This 


al agents, causing appreciable extension 
of the coast line (Davis, 1940). Man 
has variously used these mangrove 
plants (Watson, 1928) for poles, lum- 
c'harcoal, tannin materials, and 
firewood, and in some cases his ex¬ 
ploitation of these forests has altered 
the rate of progradation, causing a de¬ 
crease in coastal extension and even 
active erosion. Recently man has in¬ 
creased the drainage of a few mangrove 
swamps by digging ditches to reduce 
breeding areas for mosquitoes, and this 
activitv has had a small effect on rates 
of progradation. 

Tidal-zone salt and brackish-water 
marshes have been deliberately changed 
by many agricultural and other uses to 
which they have been put. The greatest 
alterations have been by direct recla¬ 
mation, which has been described. But 
some such marshes have been drained 
or flooded for wildlife purposes, while 
others have been drained as health 
projects to reduce mosquito and other 
insect populations. These activities are 
now increasing and may become more 
important factors of coastal changes. 

Biological and Pollution Changes 

Coastal bird life has been disturbed 
in many ways, such as obtaining guano 
from areas where great rookeries of 
sea birds occur, and this activity has 
caused some local increases in erosion. 
Protection of bird life has in some in- 


p? act ic e is common in the Philippines, 
China, and other parts of the Orient, 
wh('re the growing populations have 
increased the demand for food. The 
fish are raised in built-up inclosed 
pools at or near the coast, and the con¬ 
struction and maintenance of these 
pools have locally influenced coastal ex¬ 
tension. 

Coastal Swamps and Marsh Changes 
The tidal-zone mangrove forests and 
thickets along many low-energy, tropi¬ 
cal coasts have been great progradation- 


stances influenced land changes. An 
example of this occurred in the Dry 
Tortugas island group west of Key 
West, Florida, where a common prac- 
'tice had been the seasonal collection of 
eggs and birds, which kept their num¬ 
bers reduced. Conservation people pro¬ 
hibited this activity, and the bird popu¬ 
lation increased, causing overcrowding 
and a consequent loss of vegetation 
that held the island against erosion. 
The end result was a complete loss of 
one of the islands. 

The collection of seaweeds, mainly 
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algae, in large quantity along some 
coasts has altered some processes 
slightly. Similarly, slight changes in 
coral-reef biota and in their activity as 
progradational agents have been ef¬ 
fected, mainly by pollution or by in¬ 
creases in sedimentation onto reefs due 
to dredging and other harbor or chan¬ 
nel improvements. The recent A- and 
H-bomb tests in the Pacific Ocean had 
direct effects on coral areas, and any¬ 
one may speculate as to how many 
more such violent changes wiJl oc'cnr 
in the future. 

In the Gulf of Mexico along the coast 
of Florida there has recently occurred 
a series of large “blooms” of micro¬ 
scopic sea organisms, causing what are 
known as “red tides” that kill many fish. 
The dead fish have washed up on some 
beaches and into marshes in large 
quantity, and their bodies have in a 
small way altered normal processes of 
land change. These blooms seem to be 
partly the result of recently increased 
washing of phosphate materials into 
the gulf, owing to mining operations in 
the interior; if this is the case, the red 
tides are caused by an inland human 
activity. 

An example of a more definite effect 
of pollution is in Great South Bay on 
Long Island, New York (Lackey, 
1952), where the bay waters and shell¬ 
fish have been altered by excessive min¬ 
eral and organic excreta from duck- 
farm areas that drain into this bay. The 
quality and quantity of the oysters have 
been changed, and the plankton has 
been increased, causing intense blooms 
of Chlorella. This biological alteration 
may have affected the sediments and 
size of the bay. 

A number of other types of pollu- 


upon Coast Lines 

tion are also probably instrumental in 
causing local coastal changes, especial¬ 
ly the industrial wastes brought down 
by rivers. These will increase with in¬ 
creases in manufacturing and mining, 
but they are seldom very extensive. 

SUMMARY 

in terms of total effect on coast lines, 
the indirect influences of numerous ac¬ 
tivities of both inland and coastal men 
have probably been more important 
than the direct influences of man. Evi¬ 
dences of extensive and prolonged 
coast-line changes indicate that many 
agricultural and other soil-altering pur- 
.suits of both inland and coastal men 
have indirectly altered rates of pro¬ 
gradation, especially in delta and la¬ 
goon regions. 

Direct claiming of land from the sea 
is increasing, and improved methods 
are insuring more effectiveness in the 
future. But reclamation is dependent 
upon numerous fluctuating economic 
and population factors, such that pre¬ 
diction concerning it is difficult to 
make. 

In some areas, such as Florida, rap¬ 
idly increasing demand for various rec¬ 
reational establishments along coasts is 
promoting activities directly aimed at 
stabilizing and extending the coast line. 
Probably, with increased economic 
well-being of inland men, these activi¬ 
ties will become more intensive and ex¬ 
tensive. 

Other generally less important human 
activities variously affect coast-line 
changes, some of which activities, such 
as pollution and agriculture in marsh 
areas, may become more influential in 
the future. 
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Mans /*orts and Channels 

LESTER E. KLLMM" 


But if we liave no natural harbour suitable for protecting ships from 
a stormy sea, wc must proceed as follows. . . -Vitruvius (ca. 27 b.c.) 
On Architecture v. xii. 2. 


WJieii the Homan aicliitect wrote this 
introduction to his chapter on harbors, 
he was already hear to at least two mil¬ 
lenniums of man’s experience in mod¬ 
ifying shore lines and waterways to fa¬ 
cilitate* communication between them. 
CtTtaiu it is that, wIk'u the European 
and Asiatic civilizations began to write 
down their history and traditions, man 
had long since leariu*d that persons and 
goods could be moved with less expend¬ 
iture of labor on water than on land. 
He had developed boats and ships and 
(‘ncountt'red the* problems involved in 
loading and unloading them, 

iHi': poirr i unctjon 

Very soon after he launched his first 
craft, primitive man must have dis¬ 
covered the convenience of being able 
to float it alongside firm, dry land, so 
that he could step easily from one to 
the oilier. Tin's is the function of the 
port, reduced to its simplest terms. 
Here land and water transport meet, 
and simple modifications of banks and 
channels greatly facilitate the exchange 

® Dr. Klinim is Proh-ssor of Geography at 
the Wharton School of Finance and Commerce 
of the University ol PennsvK auia. Philadelphia. 
His recent research has been concerned with 
an examination of the jirocess of geographic 
generali/alion. His publications include: "The 
Relation between Field Pat lei ns and Jointing 
in the Aran Islands,” 1935; ‘The Rain Tanks 
of Aran,” 193d; and “The Empty Areas of 
Northeastern United States,” 1954. 


between tlieni. A few rocks dropped in 
line to form stepping stones out to 
depths sufficient to float a boat, or a log 
laid as a span to a stcep-to oil-lying 
rock, probably served the early boat¬ 
man as a landing place, much as simi¬ 
lar arrangements serve the modern 
summer camp as misnamed “docks”! 
By 2000 B.c. many Greek and Phoeni¬ 
cian ports on the Mediterranean had 
crude piers and moles built into deep 
water (Lehrnan-Hartleben, 1923, pp. 6 
tf.). 

Or, if the banks were soft or marshy, 
it was relatively easy to dig a passage¬ 
way penetrating the bank at a sharp 
angle to let boats come alongside firm 
ground (see Fig. 104, e, for such an ar¬ 
rangement at Bremen). If the sides of 
such a “slip” had a tendency to crum¬ 
ble, they could be lined with primitive 
piling or stone. These landings were 
called “hithes” or “hythes” by the Sax¬ 
ons and were common along the water¬ 
ways of southeastern England (Ekwall, 
1951, p. 231). The term survives in nu¬ 
merous place names. Rotherhithe in the 
Port of London was named after one of 
these landing places (it is now appro¬ 
priately the site of the Commercial 
Docks), and Bartholomew's Survey Gaz¬ 
etteer of the British Isles (Bartholomew 
& Son, 1927, p. 361) lists five “Hythes” 
and numerous combinations, such as 
Plythe End, Small Hythe, and Hythe 
West. 
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TYPE A-COASTAL (NATURAL) 


A c.o<r,tdl ti.jrbor sheltered from the wind 
rrnd se.r hy virtue of it's tf)c<'rtion wittun a natural 
(.oastal irideritation or in the protective \ee of 
an I'slanJ, rape, reef or other natural barrier. 



TYPE C-COASTAL (TIDE GATES) 


A coastal harbor, the waters of which are 
constrained by locks or other mechanical 
devices in order to provide sufficient wafer to 
float ve'-.spis at all stages of the tide 



TYPE B-COASTAL (BREAKWATER) 


A coastal harbor lying behind a man-made 
breakwater constructed to provide shelter, or 
supplement inadequate shelter already pro¬ 
vided by natural sources 



TYPE D-RIVER (NATURAL) 


A harbor located on a river, the waters of 
wfiicfi are not retained by any art ficial means 
Tfte facilities may consist of quays or wharves 
parallel to the banks of the stream, or piers or 
jetties which extend into the stream. 


EXAMPLES OF HARBOR TYPES 


Fk;. 104.—Examples of liarbor types. (From United States Navy, 195.'^.) 






Fjo, 104~con/.~Examples of harbor types. (From United States Navy. 1953.) 
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From such simple beginnings the line 
of stones was improved and developed 
in masonry or concrete to become a 
“pier,” or “mole,” and the hithe became 
a “slip” or—equipped with gates to lock 
it against fluctuations of water levtd—a 
true “dock” (see Fig. 104, c, /, for such 
docks at Bombay or Bremcrhaven). 
The bank of the waterway was lined 
with masonry, and craft could dis¬ 
charge at this “quay.” On all these 
structures roads and railroads were laid, 
cranes of various kinds facilitated the 
lifting of goods in and out of the craft, 
and warehouses became available for 
storage. 

For specialized cargoes special han¬ 
dling facilities were developed. Grain 
elevators (fixed or floating), ore piers, 
coal piers, car-float “bridges,” oil termi¬ 
nals, and many others came into being. 
Many of these are perhaps more ap¬ 
propriately “devices” rather than strict¬ 
ly modifications of the environment, 
but they serve to illustrate the length 
to which man has gone to facilitate the 
transfer of people and goods between 
land and water. 

HARBORS 

Where man’s transport by water was 
confined to rivers, canals, or small hikes, 
there was little need fgr concern about 
wind and wave; but, where he used his 
boats and ships on the large lakes or the 
seas, the performance of the port func¬ 
tions was largely limited to harbors. 

When the Odyssey was being com¬ 
posed, between nine and seven hun¬ 
dred years before the Christian Era, 
men had already been sailing the seas 
in “hollow ships” for so long that Ho¬ 
mer could describe a “fair haven”—the 
Laestrygonian harbor—in terms calcu¬ 
lated to make glad the hearts of sailor 
men: 

. . . whereabout on both sides goes one 
steep cliff unbroken, and jutting headlands 
over against each other stretch forth at the 
mouth of the harbour, and strait is the en¬ 


trance. . . . Now the vessels weu' hoyind 
within the hollow harbour each hard bv^ 
other, for no wave ever swelled within it, 
great or small, but there was a bright cairn 
all around [Homer, 1948, trans. Biitchor 
and Lang, Book x]. 

Here are the deep water, the narrow 
entrance for protection from sea and 
swell, and the surrounding hills to shel¬ 
ter from winds from all directions 
which are still the basic features of the 
ideal natural harbor. This might be a 
poet’s description of Halifax, or Rio dc 
Janeiro, or Havana (Fig. 104, a). 
Knowing only the practically tideless 
Mediterranean, Homer had no concern 
with tidal range. But good natural har¬ 
bors are scarce, and often the routes of 
trade or the requirements of a fishing 
people call for ports where there is no 
harbor or a poor one. And then, truly, 
as Vitruvius says, “We must proceed as 
follows . . .”! 

Shelter 

Harbors in Egypt and Syria began to 
be improved or created through con¬ 
struction of breakwaters from about 
2000 B.c. (Lehmann-Hartleben, 1923, 
pp. 5 ff.). In many cases the shelter was 
provided by connecting an offshore 
rock, or island, to the mainland by a 
breakwater of loose stones or rubble. 
Of this sort was the long breakwater at 
Eretria, which was 600-700 meters long 
and overcame depths of 30 meters ( Fig. 
105; cf. Lehmann-Hartleben, 1923, p. 51 
and Plan H). At Alexandria, by the 
time of the Roman Empire, the harbor 
had been developed as shown in Figure 
106. 

At ancient Tyre two offshore islands 
were joined artificially by Hiram ( ca. 
1000 B.c.) to shelter a harbor, and the 
city grew up on these islands. The orig¬ 
inal settlement here may have been 
nearly a millennium old by HiramV 
time, but a description of Hiram’s Tyr« 
survives (Josephus, quoted in Fleming. 
1915, p. 4). Tyre is an especially inter- 
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esting example of man’s modification of 
his environment Not only was the har¬ 
bor created and land won from the sea 
but Alexander the Great built a cause- 



I II Known wall or mole 
- Problematical wall or mole 


o t 

Mit«s 

Fig. 105.—Harbor works at Eretria, Greece, 
about 700-500 b.c. (After Lehmann-Hartleben, 
1923, Plan 11; United States Navy, 1952, p. 181, 
Chart 4123.) 


way 200 feet wide to the island city as 
part of his siege operations in 332 b.c. 
This grew by accretion of sand to an 
isthmus at least a quarter-mile wide. 
When the Crusaders attacked Tyre in 
A.D. 1123, it was again a great city and 
port, with a ditch dug across the penin¬ 
sula for defense. This was filled during 
the Crusaders* siege.^ 

The fulfilment of Ezekiel’s (chap. 
26) prophecy that the Lord would 
make even “Tyrus ... of perfect beau¬ 
ty” to become “like the top of a rock 
... a place for the spreading of nets in 
the midst of the the sea” could not be 
more dramatically confirmed than in 
the flat words of the Sailing Directions 
for the Mediterranean (United States 
Navy, 1951, p. 226): 

The remains of a mole extend some dis¬ 
tance into the sea, with numerous granite 
columns along the coast. On the northeast¬ 
ern side of the town are the remains of the 
moles which inclosed the ancient port; 
they were constructed of hewn stones of 
considerable size; little, however, remains, 

1. For history of Tyre see Fleming, 1915, 
passim. 








527 


Mans Ports and Channels 


and the port, now filled with sand, affords 
shelter only to the smallest coasting boats. 

The idea of a wall, breakwater, mole, 
or jetty to give shelter where it was 
needed thus was very old, and its sig¬ 
nificance was to grow with the spread of 
the idea, the growth of commerce, and 
man's engineering skill. Of the 277 ports 
listed in World Port Index (United 
States Navy, 1953) for the island of 
Britain, 51 are classified as “Coastal 
(Breakwater).” Among the nearly 100 


of the world s large ports which would 
be of decidedly limited iise without 
breakwaters (Fig. 107) are such im¬ 
portant ones as Los Angeles, Monte¬ 
video, Callao, Cherbourg (Fig. 104, 
h), Gibraltar, Barcelona, Marseilles, 
Venice, Odessa, Cape Town, Madras, 
and Yokohama {ibid., passim). Nearly 
all the important ports of the Great 
Lakes depend for all or most of their 
shelter on breakwaters. 

Depth 

The depth of the harbors has been 
running a race with the draft of ships 
for several centuries. As ships became 


larger, the number of harbors wliicli 
could accommodate them naturaliv b( 
came fewer. Faced with this dilemma, 
some ports lost trade or ceased to func¬ 
tion, and others spent increasing sums 
on artificial deepening if the trade' ( ? 
the naval significance of the harbor 
justified it. 

Depth of water in a harbor affects the 
size of ships that may enter, the size of 
the safe anchorage available, and the 
size of craft that may come alongside 


the piers. There are few ports, even 
those with the best natural harbors, that 
do not have problems of insufficient 
depth for one of these functions and 
must, therefore, continue to dredge or 
else limit their usefulness. If dredging 
were to cease for a few years, such great 
ports as Montreal, Philadelphia, or 
Hamburg would be faced with consid¬ 
erable curtailment of shipping, and 
even New York might have to exclude 
the largest and fastest of the transatlan 
tic passenger ships. 

Ports in the estuaries of rivers, and 
particularly those well upstream, have 
found artificial deepening especially 



Fig. 107.—Important ports with breakwaters. (After United States Navy, 1953.) 
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necessary. Some—sue h .. 

Manchester, Iloustn?! ' ^ ^V” 

have rernmned or be f ■ ' J Y 

by digging ship c;in:i '; - ' ^ large¬ 

ly artificial chains 1' 

River ports liiivr b * ; * '. vailiy han¬ 
dicapped by tJir n.; , :.i t ndency for 
bars to form al nu-r .uouths. In addi¬ 
tion to dred^ifiL' u .K/iiieg walls or jet- 
ties have })(‘( o f/. ed uarroiv the chan¬ 
nel and iorc<' river, through in- 

crCiisrd volocitv, to curry its load of 
sediment fartluT to sea. 

The jetties at the mouth of the Mis¬ 
sissippi are examples of the successes 



Fig. 108.—Methods of dredging by man¬ 
power. (From Stevenson, 1886, pp. 228, 229.) 


and complications of such works. They 
were started in 1876 and cleared a 
deeper channel and removed a then ex¬ 
istent bar almost at once. But the deep¬ 
er channel increased the volume and 
slowed down the water, and the chan¬ 
nel had to be narrowed further. There 
have been several relocations of the 
jetties, and supplementary dredging has 
had to be used. 

Man increases and maintains the 
depth of water and thus changes his 
physical environment only at a cost. For 
example, to June 30, 1948, the United 
States government had spent the fol¬ 
lowing; 

To dredge and maintain a channel 35- 
40 feet deep and 96 miles long in the Del- 
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aware River between Phikdelphia and the 
,sea-78 million dollars. 

To dredge and maintain the Houston 
Ship Channel, 36 feet deep and 50 miles 
long-22 million dollars. 

To dredge and maintain a 30-40 foot 
channel in the Mississippi River for 268 
miles from Baton Rouge past New Orleans 
to the Gulf of Mexico-50 million dollars. 

To dredge and maintain entrance chan¬ 
nels and anchorage areas in New York 
harbor to 1950-16 million dollars [United 
States Congress, 1953, pp. 554 and 556]. 

Any major deepening of channels in 
areas permanently covered with water 
has been possible only since the devel¬ 
opment of power dredges. Stevenson 
(1886, pp. 227 ff.) reports that both the 
Dutch and the Italians were credited 
with first developing dredging and that 
the early dredges were powered with 
human labor. Figure 108 shows two of 
these old hand-dredging schemes. Ste¬ 
venson thinks (ibid., p. 229) that the 
first steam dredge was used on the Wear 
River in England in 1776. Then from 
•about 1800 there was a race between 
ship size and the capabilities of the 
dredges. 

Tidal Range 

Where the tidal range averages 10 
feet or more, its eflFect on the usefulness 
of a port becomes significant. There 
are, of course, advantages associated 
with a considerable rise and fall of tide. 
Tidal currents furnish motive power to 
help move ships in and out of ports, 
and those same currents may have a 
scouring action which helps to keep 
channels open. In general, however, a 
high tidal range is a handicap, and 
some of man’s more spectacular port 
works have been built to overcome this 
feature of the natural environment. 

Within a radius of 400 miles of the 
middle of the Strait of Dover lies the 
world’s most active maritime trading 
area; all the important ports have had 
to be largely remade to overcome the 
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handicap of tidal range. Table 5 gives land was constructed at Kotherhiiiu on 
figures for a few of the largest. the Thames and is described b) \'tn- 

The problem of the tidal port is two- non-Harcourt (1885, I, 489) as follows, 
fold. First, large vessels can enter or Excavations are recorded to have been 
leave only tor a limited period at, or made? at Rotherliithe for diverting the 
near, high tide. There seems to be no course of the river, and were subsequent!-, 
solution for this, and the entrances to utilized for a dock, which existed as tla 
great tidal ports are crowded with traf- Howland Great Wet Dock in 1660 and 
fie for short periods and very quiet at *^he first dock in Great Britain. It was 

others—especially at spring tides, when 'wide and had 

the range is greatest. '' water of 17 feet. 

The second problem is that of incon- Jones (1932, p. 50) claims that this 
venience in handling cargo between dock had little commercial significance, 
wharves and the ships lying alongside, being used mainly for fitting out and 
The relation between the deck or cargo masting ships, and that the real use of 
ports of the ship and the level of the docks on London River bt gan in the 
wharf varies sharply with the state of earliest years of the nineteenth cen- 

rABLE 5 * 


Tidal 11angk of Some Important Ports 


I'ort 

Tidal Ranjje 
(Feet) 

port 

'I'idal Ran^'f^ 
(IVet) 

Liverpool. 

41 


14 

(’ardiff. 

4H 

Brest. 


Bristol . 

;n 

Le Havre . 

IS 

Southampton. 

1 

Ant werp. 

U 

r.ondon. 

19 

Bremerhnven .... 

n 


♦SoiiriM': I'nitod Slato.s Navy, 


the tide. At spring tides the variation tury. Cc?rtainly that century saw dock 
may be so great as to force cessation of construction occupy many of the allu- 
cargo handling. Working cargo to and vial flats and large bends of the river, 
from lighters on the off side of the ship creeping downstream as the size and 
is restricted. In many instances, at the draft of ships increased, and culminat- 
lowest tides, the ship has to “dry out” ing with the great Tilbury Docks, 26 
or “take the ground,” as the sailor dc- miles below London Bridge, opened in 
scribes the vessel resting on the bot- 1886. These had an entrance lock 80 
tom. “Taking the ground” often causes feet wide, 700 feet long, and 30 feet 
damage and always requires vigilance, deep {ibid., p. 117) and could be 
To this second problem there is a solu- reached by ships drawing 26 feet of 
tion—the “dock,” or “wet dock,” as it is water at any state of the tide, 
sometimes called. As they grew in size, such docks be- 

The idea of putting a gate across the came virtually self-contained ports, in 
entrance to maintain the water level of which tugs moved lighters and other 
a “hithe” or slip dug into the channel craft around at will, and ships loaded 
bank must have occurred very early, and discharged cargo at all times 
but probably its use had to await the locked in as they were against the rise 
development of satisfactory locks and and fall of the tide, 
gates. The earliest such dock in Eng- Le Havre completed a dock in 1667 
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( V'e^mon-Muiaourt, 7tS’iS*5, p. 3C>y), lion- (^**^*> Scillplc, 1932, p, 591) was Ol: 

/rj J^90jy, 576), and Uver- island of Pharos which protected //V 
/?. a// tAese AarAor o/Alexandria (Fig. I Off, p, 32ti > 

ports had their greatest activity in dock Writing at the beginning of the Chris- 
constniction after the beginning of the tian Era, Strabo says: 

nineteenth century. The great port of extiemity itself of the island is a 

Antwerp opened its first docks in 1811 rock—with a tower upon it of the same 
and 1813 and by 1880 had an inclosed name as the island admirably constructed 

of white marble, with several stones. . . . 

For as the coast on each side is low and 
without harbours, with reefs and shallows, 
an elevated and conspicuous mark was re¬ 
quired to enable navigators coming in 
from the open sea to direct their course 
exactly to the entrance of the harbour 
f 1903, trans. Hamilton and Falconer, xvii. 

1 , 6 ]. 


dock area of 105 acres (ibid., p. 602). 

Bristol, with its great tidal range, is 
a special case. It is located 7 miles 
above the mouth of the river Avon. 
Here, in the first decade of the nine¬ 
teenth century, a large bend of the riv¬ 
er was cut off to form a “floating har¬ 
bor,’* over 2 miles long, locked in, and 
the river was diverted across the neck 
of the bend {ibid., p. 529). However, 
the access is so restricted that an addi¬ 
tional port—with docks—has been built 
at Avonmouth on the Bristol Channel. 

AIDS TO NAVIGATION 

Sailor men the world over hate low 
coasts. It is therefore no wonder that 
one of man’s earliest improvements on 
such a coast was a high tower to fur¬ 
nish a bearing. What is often referred 
to as the first “lighthouse” in the world 


In most of the other river deltas, 
from the Mississippi to the Ganges, the 
highest points in the present landscape 
are the lighthouses, beacons, and bear¬ 
ings man has erected to put features on 
a featureless land. From this it was a 
simple step to make low, and even sub¬ 
merged, rocks and shoals, on any coast, 
high enough to see by putting beacons 
on them. Then, equipped with lights, 
bells, or horns, they could be seen in 
the dark or heard through fog. 


In the eyes of engineers, the defects of natural geography were 
made to be corrected by their skill, experience, and ingenuity.-J. S. 
Jeans, Watertoays and Water Transport in Different Countries (1890), 


ANCIENT CANALS 

Canal-building is one of man’s older 
means of making substantial changes in 
his environment. When the written rec¬ 
ords began, canals had been used for 
untold ages in Mesopotamia and Egypt. 
A recent i.ssue of Science (August 20, 
1954, pp. 292, 293) records the discov¬ 
ery of a canal system parallel to the 
Euphrates which was in existence in 
4000 B.c. and was abandoned in the 
time of Hammurabi about 1800 b.c. 
This canal not only was used for irriga¬ 


tion—thus changing the distribution of 
water and agriculture—but was also a 
major transportation artery. So, too, the 
Nile and the canals which Herodotus 
(1928, Book ii) says Sesostris (ca. 1850 
B.c. ) built in the delta to distribute 
water became channels for boats. In¬ 
deed, Strabo says (1903, xvii. 1. 3), 
“the attention and care bestowed upon 
the Nile is so great as to cause industry 
to triumph over nature.” 

In China serious canal-building may 
not have begun until about 500 b.c., 
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when dikes and water diversions were 
being used as instriiinents of war. In 
that period, w^hen irrigation was lim¬ 
ited to small ditches and furrow^s, the 
object was to prevent the irrigation 
water from getting to the enemy’s land 
—or to divert a flood and drown him 
out (Chi, 1936, pp. 64, 65). A modern 
instance of this practice was the break¬ 
ing of the Hwang Ho dike west of Kai- 
feng in 1938 by the Chinese as a de¬ 
fense against the Japanese. The Hwang 
poured southward into the basin of the 
llw^ai and was not returned to its pre- 
1938 bed for a dozen years. 

Chi (ibid., p. 65) believes that the 
techniques learned in these w'ater bat¬ 
tles in the ‘^Period of the Warring 
States” (481-255 b.c. ) sparked a tech¬ 
nical revolution that was to have tre¬ 
mendous effect on Chinese history. It 
gave a method of transforming (he al¬ 
luvial areas by furnishing irrigation 
w'ater for crops, and it resulted in 
waterways for transport which bound 
the river valleys together and made 
ccmtral govt^rnment possible. 

In China, man has interfered with 
drainage and dug canals for so long— 
and with so little foresight—that the dis¬ 
tinction between river and canal loses 
its significance over wide areas. Man is 
by no means in entire control of the 
situation, but he has certainly modified 
his environment. 

TIIE PRESENT W^ATERWAYS 

The mid-twentieth-century reader 
probably finds it diflScult to understand 
how significantly man has modified his 
environment by making artificial inland 
w'aterways or improving on natural 
ones. Equipped with the railroad and 
the motor truck, our contemporary fails 
to realize that the inland transport of 
cheap, heavy goods was limited to 
waterways until about 1840, when the 
railroad began to be significant; it was 
after 1920 that the motor truck came 
into its own. Previoirsly, inducing nav¬ 
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igability where it had not been w as lo 
bring the economically life-giving Iran?: 
poitation to regions where it had not 
been available and to connect regions 
formcriv held apart by natural ohsta 
cles, 

Caneds in Alluvial Plains 

The alluvial plains and deltas were, 
as has been seen, the early schools of 
canal engineering. Making watc'r wide¬ 
ly available where the climate was dry 
and draining water off where it w^as 
overabundant were the dominant prob¬ 
lems presented by the environment. The 
prevalence of light, river-laid soil made 
digging relatively easy. The deltas and 
flood plains of the Nile, Tigris-Euphra- 
tes, Ganges, Hwang, Hwai, Si, Yangtze, 
and Po and the streams flowing across 
Belgium and the Netherlands all are 
crisscrossed with canals. These are, over 
wide areas, the farrri lanes, streets of 
the villages, the roads between them, 
and the highways to the outside world. 
They are in many cases also the water 
supply and the sewers. To a remarka¬ 
ble degree this amphibious world is 
man-made and man-preserved. 

Intracoastal Canals 

The two monumental examples of iii- 
tracoastal canals are the Grand Canal 
in China and the Intracoastal Waterway 
of the eastern United States. The pur- 
])osc of such canals is to connect the 
lower courses of rivers and bays and 
allow craft designed for inland naviga¬ 
tion to pass along the coast without b('- 
ing exposed to the hazards of the open 
sea. 

The so-called "Grand Canal” of China 
is a connected line of canals, lakes, nat¬ 
ural river courses, and canalized rivers. 
It is usually spoken of as stretching 
nearly a thousand miles from Peiping 
in the north to Hangchow on the coast 
south of Shanghai. Sections were built 
or improved at widely separated times 
and have been rejuvenated or neglected 
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at long intervals. Various elates are as¬ 
signed for ‘‘the building of the canal, 
but perhaps the earliest section of what 
is now called the Grand Canal was the 
first connection between the Hwai and 
the Yangtze in 456 b.c. (ihicl.). As the 
centers of powtT moved about over the 
face of China, iinmerous canals were 
dug connecting river valleys, but it was 
the establislunent of the capital of Pei¬ 
ping by tiu? Tartar invaders about a.d. 
1280 that created the necessity for con¬ 
necting that city with the Yangtze Val¬ 
ley by a more direct route. Thus, a se¬ 
ries of iK'W canals was dug more or less 
dirt'ctly from Peiping southward and 
south(‘aslward, intersecting the Hwang, 
llwai, and Yangtze rivers and Hang¬ 
chow Bay. South of the Hwai this uti¬ 
lized many old channels, but they were 
improved. The principal function of this 
waterway was described by Marco 
Polo (1926, chap. Ixxii) in the thir¬ 
teenth century as follows: 

Kay-C^iii is a small town on the southern 
hank of the before-mentioned river [the 
Yangtze], where annually is collected a 
very laigt' quantity of corn and rice, the 
gloatt\st part of which is conveyed from 
ilienee to the city of Kanbalu [Peiping], 
lor tht* supply of the establishment of the 
J'auporor. 7’liis place is in the line of com¬ 
munication with the province of Cathay, 
bv moans of ri\'ers, lakes, and a wide and 
(!<•< ]) canal which the Great Khan has 
oansc'd to bo dug, in order that vessels 
may pass irom one great river to the 
other, and from the province of Manji, 
by water, as far as Kanbalu, without mak¬ 
ing any part of thc^ voyage by sea. 

It is difficult to tell from the litera¬ 
ture wlu'thcr this great line of commu¬ 
nications ever remained operational 
throughout its length for any very long 
periods. lhert‘ is little doubt about the 
portions south of the latitude of Su- 
chow (Tungshan). These are old ca¬ 
nals in low-lying country and, while 
they suffer from floods and breakouts, 
are relatively stable. The real problem’ 


which has never been satisfactorily 
solved, is the section within about 40 
miles of the Hwang River crossing. This 
part is high, and water supply is pre¬ 
carious. It is also an area with dry win¬ 
ters. There has never been any aque¬ 
duct carrying the canal across the 
Hwang. Boats had to use the water of 
that river, which varies greatly in depth 
from season to season and is often ab¬ 
sent (Carles, 1896-97, passim). When 
this writer was studying aerial photos 
of North China taken during World 
War H, the canal, here, was seen to be 
dry and partially filled in. 

One of the great handicaps to the 
permanency and usefulness of Chinese 
canals is the absence on the older ones 
of locks of the type known in the West. 
Boats are dragged up and down be¬ 
tween levels on stone “sluices” or 
“planes,” or different boats are used on 
different levels. A description of a pas¬ 
sage of one of these sluices was given 
by the early Jesuit traveler Le Compte 
(as quoted by Phillips, 1793, pp. 12, 
13): 

They are called by the name of sluices 
in the relations of travellers, notwithstand¬ 
ing they are very different from ours; they 
are rather- waterfalls, and as it were tor¬ 
rents that are precipitated from one canal 
into another, and more or less rapid ac¬ 
cording to the difference of their level. To 
cause barks or barges to ascend, they make 
use of a great company of men, who are 
maintained for that purpose near the 
sluice: after they have drawn cables and 
ropes to right and left, to lay hold of the 
bark in such a manner that it cannot es¬ 
cape them, . . . they have several capstans, 
by the help of which they raise it by little 
and little by exerting the utmost strength 
of their arms, and employing levers, till 
they have raised it into the upper canal, 
in which it may continue its voyage. The 
labour is tedious, toilsome, and exceed¬ 
ingly dangerous. They would be won- 
drously surprised could they behold with 
what ease and facility one man alone, who 
opens and shuts the gates of our locks and 
sluices in Europe, makes the longest and 
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heaviest laden barks and barges securely 
to ascend and descend. 

The cost in human labor of construct¬ 
ing even these imperfect and often 
ephemeral waterways was tremendous. 
It is not necessary to accept thc^ figures 
of “The Record of the Opening of the 
Canar' (quoted in Chi, 1936, pp. 123, 
124) that 5,430,000 people participated 
in the building of the Pien Canal 
with baskets and shovels in a.d. 609. 
More dependably, perhaps, a portion of 
the Crand Canal about 60 miles long is 
said to have cost the labor of 20,261 
men from the spring of 1292 to autumn 
of the following vear, and another, dug 
about the same tiiiu', was 83 miles long 
and cost 2,510,748 man-days (Chi, 
1936, p. 141). This would work out at 
30,250 man-days per mile. 

The Intracoastal Waterway of the 
United States is favort'd by the fact that 
most of the Atlantic coast south of New 
York and most of the coast line of the 
Culf of Mexico is what the geologist 
calls a “barri('r-beach coast.’’ The typi¬ 
cal occurrence is a series of long, nar¬ 
row, sandy islands or peninsulas, paral¬ 
lel to the coast and backed by shallow 
bays or lagoons. Occasional inlets con¬ 
nect these bays with the sea. It is rela¬ 
tively simple to dredge and maintain 
channels connecting these inclosed bays 
and thus to make a relatively continu¬ 
ous protected waterway. There are re¬ 
ally two separate sections. Along the At¬ 
lantic coast from New Jersey to Florida 
is a 1,200-mile waterway with a pre¬ 
vailing depth of 12 feet or more. While 
it connects the mouths of many rivers, 
these rivers have little commercial 
water traffic destined for other river 
valleys. The main use of this waterway 
is by pleasure craft. The Gulf Intra- 
coastal Waterway is of more signifi¬ 
cance. Here is nearly another thousand 
miles of waterway which connects riv¬ 
ers having much more barge traffic, and 
it has become an important transporta¬ 
tion artery. 


Improved Rivers 

Outside the alluvial deltas not mucls 
could be done to improve a river until 
the development of locks. On many ri\ - 
ers most of the bulkier traffic passeij 
only downstream and awaited water 
enough to carry boats over obstacles. 
Up.streain navigation against the cur 
rent was usually very difficult and flour¬ 
ished only after the utilization of steam 
at the end of the eighteenth century. 

Thf're was some narrowing of chan¬ 
nels by wing dams to increase water 
depths in shallow sc'ctions and even the 
devc'lopmt'nt of crude temporary weirs 
above which boats would wait for 
water to pile up and then, when the 
obstruction was suddenly removed, pro- 
cetxl on th(' accumulated water (Sttv 
vt'n.son, .1886, pp. 166--6S). Thc^re are 
very few large streams in Euroj)e that 
hav^e not bc'en modified for centuries-— 
some mainly for flood control. 

The modifications man has made on 
the Nile and the Mississippi systems 
for flood control, navigation, or irriga¬ 
tion must rank among his major engi- 
neeruig achiev('ments. The control is 
not complete, but it is substantial. 

Locks and Canals 

When man developed the idea of the 
lock—a double set of gates across a 
waterway by which boats could be 
raised or lowered between levels—he 
acquired a tremendous new power to 
modify natural waterways and build 
artificial ones. It is probably not too 
much to say that this was one of the 
major advances in technology. 

There is dispute as to where the idea 
developed. The first true, double-gate 
lock has been claimed both for Italy in 
1488 (Jeans, 1890, p. 411) and for Hol¬ 
land a century before (Stevenson, 1886, 
pp. 4, 5). The solution of engineering 
problems associated with the use of 
locks must have progressed gradually, 
but, by 1666, Italian and French engi¬ 
neers had confidence enough to start 
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the Languedoc Canal connecting the a canal. On a watershed between two 
Bay of Biscay and the Mediterranean, drainage basins this becomes a major 
Finished in fourteen years, it was 125 problem—as it is on the Panama Canal, 
miles long, conquered a 600-foot drain- Two devices have been used to over¬ 
age divide by means of a hundred locks, come this difficulty on small canals. One 
and employed tunnels, cuts, sluices, is an inclined plane with tracks upon 
aqueducts, and bridges (Jeans, 1890, which runs a crib which carries boats 
pp. 100-105). up and down. This crib may be oper- 

This probably marked the coming-of- ated by winches or by counterbalancing 
age of canal engineering. From here on with another crib on a parallel track, 
it was possible to canalize swift-flowing Such planes were features of the Mor- 
rivers and turn them into a series of ris Canal between the Delaware River 
planes, with slack-water navigation in and New York Bay in the nineteenth 

TA.BLE 6* 


Navigablk Waterways of Western Europe, I95i«» 
(In Miles) 


Ctiuutry 

Canals 

Navigable lliver.s 


Waterways 

Au.stria. 

10 

211 

221 

Belgium. 

487 

445 

932 

France. 

8,177 

4,760 

7,937 

(lermany (West). 

814 

1,862 

2,676 

Ireland. 

293 

145 

43H 

Italy. 

736 

847 

1 ,484 

Netherlands. 

3,479 

671 

4,150 

Sweden. 

188 

539 

727 

Switzerland. 


13 

13 

United Kingdom. 

1,570 

736 

2,306 

Yugoslavia. 

115 

1,106 

1,221 

Total. 

10,770 

11,335 

22,105 


* Sourt'e: United Nations. 1968. 


each plane. It demonstrated the feasi- century (Harlow, 1926, p. 304). On 
bility of connecting rivers flowing in some canals virtual elevators have been 
opposite directions and led eventually installed that convey boats between 
to canals between the Rhine and the levels with the least possible loss of 
Danube, the Rhine and the Rhone, the water (Stevenson, 1886, pp. 17, 18). 
Seine and the Rhone, etc. Locks also The cumulative, total mileage of the 
made possible the interconnection of • canals and navigable rivers of the world 
waterways where their courses ap- would be impressive if it could be ar- 
proached each other, even though there rived at with any degree of accuracy, 
was g considerable difference in their For western Europe (outside the Iron 
levels—for instance, the Volga and the Curtain) and for the United States, 
Don. In addition, as has been pointed some pertinent figures are shown in 
out above, the lock made possible the Tables 6 and 7. 
dock, or wet dock, which has so trans¬ 
formed the tidal ports. Isthmian and Interoceanic Canals 

The use of locks requii*es a plentiful Herodotus (1928, Book i) tells how 
supply of water at the highest levels of the Cnidians, who lived on a peninsula 
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in southwestern Asia Minor, were 
warned by the Delphic Oracle: 

Fence not the isthmus oflF, nor dig it 
through— 

Jove would have made an island, had 
he wished. 

The Cnidians obeyed, but most men 
seem to have regarded an isthmus as 
one of Jove's mistakes and have pro¬ 
ceeded to correct it. The long sea voy¬ 
age around creates a temptation to cut 
through the base of the peninsula, espe¬ 
cially if it is narrow. The challenge pre- 


saine purpose are the Canal elw 
(or Languedoc, above), connecting: lU. 
Bay of Biscay and the Mediterranean 
the line of canals, rivers, and lakes 
across Sweden from Goteborg to Stock¬ 
holm; and the White Sea—Baltic, oi 
“Stalin," Canal. In the United States 
two major proposals have been made; 
to dig a ship canal across New jersew 
from New York Bay to the Delaware 
River, and one across the base of the 
Florida peninsula. In addition to cost, 
considerations of effect on local fresh¬ 
water supply and of interruptions to 


TABI.K 7^ 

Xavioamjj: Inland Watkhvvavs lndkh Fkdkkal f'oNTRoi. 
IN THK ITNITKD STATF.S, 1950 


Waterway Miles 

Mississippi Kiv<?r system. 

Atlantic coastal rivers. 5,834 

Gulf coastal rivers. 4,000 

Tiitracoastal waterways. ^^,900 

St. Lawrence River (International Section). 0 ^ 

Pacific coastal rivers. 1,378 

Other. 799 

“^I’otal, excluding Groat Lakes. !27,112 

(irc'at Lakes anti connecting chani’els.., 1,479 


Total waterways. 28,591 


♦Sfuirrr; Stntr.s ('onKress, p. 


sented by the 4-mile waist of the Isth¬ 
mus of Corinth was recognized very 
early. The time saved on the busy trade 
route by crossing the isthmus was so 
great that the Corinthians early estab¬ 
lished a shipway of rollers and charged 
tolls to drag small ships across (Strabo, 
1903, viii. 6. 4). Julius Caesar, Caligula, 
and Nero all started to dig through the 
isthmus. When the ship canal was final¬ 
ly opened in 1893, it saved two days in 
a voyage from Italian ports to Asia Mi¬ 
nor or the Black Sea (Jeans, 1890, p. 
348). 

Other canals enabling ships to save 
distance or avoid the dangers of round- 
ing peninsulas are the Cape Cod, Dela- 
ware-Chesapeake, and Kiel. Among the 
barge or small-ship canals serving the 


land traffic have been stated in opposi¬ 
tion. 

Suez and Panama 

The world is, in effect, divided into 
four compartments by the distribution 
of the continents and the oceans (Fig. 
109). Eurasia-Africa extends 7,600 miles 
from north to south, separating the At¬ 
lantic Basin from that of the Pacific- 
Indian Ocean. Westward across the At¬ 
lantic, North-South America, 8,800 
miles long, also separates the two great 
basins. Water communication around 
the north end of these barriers is, be¬ 
cause of the climate, so difficult as to 
be almost impossible; only at their 
southern ends is ocean navigation un¬ 
interrupted around the world. 












536 Man\s Role in Changing the Face of the Earth 


Each of these great north-south land 
barriers is pinched down to a width of 
less than JOO rniJes at a point about 
4,800 miles north of its southern end. 
Most of the world's population and the 
active maritiinfi nations arc in the mid¬ 
dle latitudes of the Northern Hemi- 
sphert*; th(? hulk of the world s trade 
has, therefore, been east-west. As a con¬ 
sequence, the temptation to regard 
these two isthmuses as “Jove’s mis¬ 
takes” has been strong from very early 
times. 


routes, a railroad in 1860, and, Gnally, 
the modern 88-mile Suez Canal, com¬ 
pleted in 1869, testify to man s opin¬ 
ion of the importance of this “hyphen” 
in the waterways of the world. 

The isthmus between the Americas is 
really a zone of isthmuses 1,400 miles 
long in a northwest-southeast direction 
from the Isthmus of Tehuantepec in 
Mexico to the mouth of the Atrato Riv¬ 
er in Colombia. Here there are four 
principal possible crossings: the Isth¬ 
mus of Tehuantepec (125 miles), San 



Fig. 109.—The effect of the Suez and Panama canals on distances from Liverpool. (After 
United Slates Navy, 1948.) 


1 hat at Suez was the first to be 
breached. Herodotus (1928, Book ii) 
says that Necos (Necho, fl. 610-594 
B.c.) was the first to attempt a canal 
from the Nile to the Red Sea and that 
a hundred and twenty thousand Egyp¬ 
tians lost their lives in its construction. 
Apparently he was only one of a num¬ 
ber who attempted to build or actu¬ 
ally did build canals from the eastern 
branch of the Nile to the head of the 
Red Sea, thus giving contact between 
that hody and the Mediterranean via 
the Nile."^ Caravans along a variety of 


Juan River route in Nicaragua (184 
miles, some of it natural waterway), 
the Isthmus of Panama (50 miles), and 
the Atrato River route in Colombia 
(100—300 miles, depending on route 
chosen). 

It must be remembered that most of 
the exploration of the New World 
around the end of the fifteenth cen¬ 
tury had as its object a route to the In¬ 
dies as an alternative to the one from 

2. For a summary of canal-building in tliig 
route from 1900 b.c. to a.d. 767 see Semple, 
1932, p. 167. 
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the eastern end of the Mediterranean. 
Thus, Balboa’s crossing of the Isth¬ 
mus of Panama in 1513 was but the be¬ 
ginning of a long search for a water 
route through the barrier. As early as 
1520, Charles V of Spain is said to have 
had a search made for a possible canal 
route, and the Spanish pursued the 
search for a natural water connection, 
or a route for a canal, until Philip II 
put a stop to it, saying, “God has shown 
His will by creating a continuous isth- 


of Magellan and the Cape of Good 
Hope 4,800 miles to the northward and 
has opened an east-west water route 
around the world in the Northern Hemi¬ 
sphere, where most of the world’s peo¬ 
ple and commerce are to be found. Any 
action of man that decreases the wat(‘r 
distance between important places in 
the world by 1,000-8,000 miles must b(' 
one of his major accomplishments. 
Some comparative figures for distances 
by common sailing routes from New 


l ABJ.E 8* 


Kor ri:s and Milhaok Savings via Sni:z and Panama ('anals 
(In Nautical Miles) 



Via Cape of 

\ in 


I.iviTjxioJ til 

Gi>o«l Hope 

Suez Cauuvl ' 

Saving,' 

Aden . 

I0,2PJ 

4,001 

.5.04^2 

Bombay. 

10,844 

0, ^250 

4.504 

Hong Kong . 

1,‘I,170 

10,808 

2.802 

Sydney (Australia). 

l!^,6f»r) 

11 ..5.81 

} , 105 


1 

Via Strait <.f 

Via Patiumn 


New 5 ork to 

Mat;ollan 

('niial 

Savinj,' 

Sfin Franeisoo . 

1.8,122 

5.20.8 

7.850 

V^d para iso (('hile) . 

8,800 

4.084 

8,782 

Sydney (.Australia). 

12,.882 

0.002 

2,040 

Vokoharna.j 

10,57Ct 

0.700 

0,870 


* Sourct*: United States Navy, 1048. 
t 15,200 by Cape of Good Hope. 


mus” (quoted in Siegfried, 1940, p. 
208). 

Over all but the Atrato River route 
there had been canoe and bateau 
travel, trails, roads, railroads, and sur¬ 
veys for canals before the barrier was 
finally breached by the opening of the 
Panama Canal in 1914. The other routes 
remain possibilities for supplementary 
canals, with the Nicaraguan route most 
likely. 

By the Suez and Panama ship ca¬ 
nals—130 miles in combined length- 
man has made a major change in the 
distribution of land and water on this 
earth. In effect he has moved the Strait 


York and Liverpool around the south¬ 
ern continents and by the canals are 
given in Table 8. 

These changes came in two stages. 
For the half-century that intervened be¬ 
tween the openings of the Suez and of 
the Panama canals (1869-1914) the 
change affected principally Europe and 
the Orient, although even New York to 
Bombay was 3,000 miles shorter by 
Suez than by the Cape of Good Hope, 
and New York to Yokohama was 2,000 
miles shorter. The opening of the Pan¬ 
ama Canal had its major impact on re¬ 
lations between the east and west 
coasts of North America, between the 
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GSLst coast of North and the 1952 traffic through the locks of the 

west coast of South and be- Sault Sainte \larie Canals amounted to 

tween western Europe ihc eastern 94,889,000 long tons (United States 
portions of the Paci/ic' Ot t an. The ef- Department of Commerce, 1954, p. 
fects of the two canals aie indicated in 602) as compared with 33,611,000 
a graphic manner, considerably simpli- {ibid., p. 604) through the Panama 
fied, in Figures 109 and 110. Canal and 83,448,000 (Chamber of 

Commerce, United Kingdom, 1953, p. 
The Great Lakes 11 afrrtctitj 149) through the Suez Canal. 

The inland A a?-ay with the worlds The Welland Canal between Lakes 
heaviest traiJie is tllat constituted by Erie and Ontario was first opened in 
the Grc:it l.aL s, which lie between the 1887, enlarged in 1932, and will be fur- 
lh)it(d S7afc,s nitd (Janada. They have they enlarged as a part of the projected 



Fig. 110.—The effect of the Suez and Panama canals on distances from New York. (After 
United States Navy, 1948.) 


the advantage of needing little improve- Great Lakes-St. Lawrence Seaway. This 
inent by man, and they also connect re- latter improvement will bring ocean 
gions of iron ore and wheat produc- shipping drawing up to 27 feet into the 
tion on the west with markets and coal Great Lakes. There is already a canal 
fields to the east. The obstacle of the ‘ of 9-foot draft connecting Lake Michi- 
falls in the St. Mary.s River (the “Soo”) gan with the Illinois River and the Mis- 
between Lake Superior and Lake Hu- sissippi River navigation. These consti- 
ron was so sliglit as to encourage the tute another major man-made change 
Northwest Fur Company to build a in the waterways of the world, 
small canal on the Canadian side as 

early as 1797. In 1855 the first Ameri- Waterways as Barriers 

can canal was built, and this has be- The motto on the oflBcial seal of the 

come tlie world’s busiest waterway. In Panama Canal Zone reads: “A land di- 
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vided; the oceans united.” This empha¬ 
sizes the fact that an artificial waterway 
—like a natural one—is a barrier to land 
travel and that man has also changed 
his environment by sc'parating lands. 
Herodotus (1928, Book ii) noted this 
result of the early canalization in 
Egypt: 

By these forced labours the entire face 
of the country was changed; for whereas 
Egypt had formerly beeai a region suited 
for both horses and carriages ... it is now 
unfit for either horse or carriage, being 
c*ut up by tlie canals, which arc extremely 
numerous and run in all directions. 

'fhosci who have driven automobiles in 
the Netherlands will realize what he 
meant. 

Not only do small canals cut up local 
circulation; large ship canals become 
major barriers. The Pulaski Skyway was 
built across the Newark meadows to 
avoid the traffic jams du<» to opening of 
drawbridges on the improved channels 
of the Hackensack and Passaic rivers. 
The enlargement of the Delaware and 
Chesapeake Canal necessitated the con¬ 
struction of new high-level bridges to 
carry main roads over the tallest ships 
without interrupting either route. Rail- 
road-builders, especially, like to cross 
waterways at the lowest level, with the 
shortest span, and cordially detest draw^- 


and Channels 

bridges, which are expensive to build 
and upset schedules when open. 

CONCLUSION 

Port and harbor works, being pro 
tective and local in effect, have a rare 
distinction among man's activities in 
changing the face of th(i earth; they are 
almost universally beneficial, and it is 
seldom possible for their effect to be 
harmful. That great American student 
of man's modification of nature, George 
P. Marsh (1874, p. 401), concluded 
that, in them, “man has achieved some 
of his most remarkable and most honor¬ 
able conquests over nature.” 

The construction of canals is not so 
universally and permanently beneficial. 
The barriers they set to land communi¬ 
cation are always present. In addition, 
they may, as in China, unleash forces 
that man cannot completely control. 
The two great isthmian canals have 
been of unqualified benefit. It is inter¬ 
esting to note that Marsh (ibid., p. 612) 
dismissed a sea-level canal across the 
Isthmus of Panama as impossible, was 
not interested in a locked canal because 
he was only concerned with “geograph¬ 
ical” changes made by man, but consid¬ 
ered the Suez Canal “the grandest and 
most truly cosmopolite physical im¬ 
provement ever undertaken by man.” 
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Changes in Quantities and Qualities of 
Ground and Surface loafers 

HAROLD E. THOMAS” 


Several years ago a comprehensive 
survey w^as made of Lake Mead, the 
reservoir formed by Hoover Dam on 
the Colorado River (see Figs. 31 and 
32, pp. 29 and 30). One major objec¬ 
tive of that survey was to determine the 
amount of sediment that had accumu¬ 
lated in the lake during the first four¬ 
teen years of its existence (Thomas, 
1954). Specialists in many scientific 
fields and from numerous federal agen¬ 
cies and scientific institutions had been 
assembled for the survey. For the spe¬ 
cific job of calculating the sediment 
there were maps showing the original 
lake bed, sonar equipment for accurate 
measurement of the depth of the lake 
bed beneath the water surface, and 
means for accurate location of the echo¬ 
sounding craft at all times. The meas¬ 
urement of the amount of sediment was 
a complicated process. The lake level 
fluctuated through a wide range, and 
t'ach depth measurement had to be 
keyed to the contemporaneous stage of 
the lake as recorded at Hoover Dam. 

* Lr. Thomas has been geologist and 
groundwater hydrologist in the United States 
Geological Sur\’ey since 1931, except for three 
years of scr\ i('c as engineer intelligence officer 
in the Southw-'st Pacific during World War II. 
Hi® recent survey of the national ground-water 
situation. uud«*i the sponsorship of the Con¬ 
servation houTidalion, has been published un¬ 
der the title Thr Coruservation of Ground 
yVater, 1951. Other publications include 
Ground-Water liegions in the United SUrtes— 
Their Storage Facilities, 1952, and The First 
Fourteen Year> of Lake Mead, 1954. 


But the stage record first had to be 
corrected for instrumental errors. Other 
corrections had to be applied when¬ 
ever the lake surface varied from level 
by reason of seiche action, pile-up due 
to wind, or large inflow at the upper 
end of the reservoir. And the maps 
showing the prelake surface were in¬ 
complete, so that they had to be extrap¬ 
olated in many areas. 

This determination of the sediment 
accumulation in Lake Mead, difficult 
though it was, was a simple matter in 
comparison with the evaluation of the 
effects of man's activities upon the 
ground- and surface-water resources of 
the earth, our present topic. Neverthe¬ 
less, there are several pertinent analo¬ 
gies. Like the levels of Lake Mead, the 
quantities of water in streams, lakes, 
and ground-water reservoirs are con¬ 
tinually fluctuating. Many of these 
fluctuations are due to natural causes, 
and the changes resulting from those 
causes must therefore be identified and 
evaluated before we can evaluate with 
any assurance the effects of man. It is 
necessary also to scrutinize our methods 
of measurement throughout the period 
of record, in order to be assured that 
apparent changes in the water resource 
are not traceable to changes in tech¬ 
niques and equipment over the years. 

In the evaluation of the total effects 
of man's activities upon water resources 
there is no counterpart for the maps 
that showed the conditions prior to the 
creation of Lake Mead. It ir. rare in- 
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deed to find any evidence of the natural 
hydrologic conditions prior to man’s 
occupancy of a region. Necessarily, 
then, the total effects of man’s activity 
in most places are in the realm of ex¬ 
trapolation, assumption, generalization, 
and, sometimes, expostulation. 

The records that show the changes 
in quantities and qualities of surface 
and ground water arc obtained as part 
of a continuing inventory of water re¬ 
sources: stream discharge, lake stage, 
water levels in wells, spring discharge, 
temperature, and chemical and bac¬ 
teriological analyses of ground and 
surface waters. These records show the 
composite effects of all factors—natural 
and artificial—that affect the quantity 
or quality of ground and surface 
waters. The discrimination of the ef¬ 
fects of individual factors may be pos¬ 
sible in detailed studies of small areas, 
but it is generally less conclusive in 
larger areas where the changes result 
from a greater variety of causative fac¬ 
tors. However, there is abundant evi¬ 
dence in hydrologic literature that both 
man’s use of water and his use of the? 
land can modify the water resource. 

Practically all of man’s uses of water 
can be expected to change either the 
quantity or the quality, or both, of the 
resources of ground and surface water. 
If water is consumed in the use and 
returned to the atmosphere as vapor, 
those resources are correspondingly re¬ 
duced. If water is non-consumptively 
used, it remains in a liquid state and is 
eventually returned to a ground- or 
surface-water body, but generally the 
chemical or physical properties of the 
water are changed by the use. 

Consumptive use of ground and sur¬ 
face water accounts for only a fraction 
of the water in the major categories of 
use by man. It is negligible in produc¬ 
tion of power, navigation, disposal of 
wastes, and recreational use, except for 
the evaporation from water surfaces ex¬ 
posed for those uses. Of the water ap¬ 


plied for irrigation, as little as hall may 
be used consumptively, and probably 
considerably less than half the munic¬ 
ipal and domestic water is actually con 
sumed. Generally, (Uily a small proper 
lion of industrial water is used con 
sumptively, but there is a wide range 
among the different industries. In the 
United States the total consumptive* 
use of water in irrigation, industry, and 
public supply may be of the order of 
50-80 billion gallons a day, which is 
about 4-6 per cent of the average 
streamflow. However, one should not 
expect this amount of reduction in the 
streamflow from the nation’s borders, 
because much of the consumptive use 
is in lieu of the natural return of water 
to the atmosphere by evaporation or by 
transpiration of native vegetation. 

It is more difficult to place an upper 
limit on the possible effect of non-con- 
suinptive use upon the qualities of 
ground and surface waters. Non-con¬ 
sumptively used waters include espe¬ 
cially sewage, industrial wastes, and 
irrigation return flows; but, when these 
are added to a stream or ground-water 
reservoir, they may render far larger 
quantities of water unsuitable for some 
uses. Even the non-consumptive uses 
for generation of hydrcelectric power, 
river navigation, or recreation may be 
pre-emptive in the sense that they re¬ 
quire storage of water or flows of water 
that could otherwise be used for other 
purposes. Thus practically every type 
of use of water may reduce the quan¬ 
tity or impair the quality of the water 
resources available for other water- 
users. 

Mankind has not always been aware 
that uses of water must change the 
natural resources. The hallowed ripar¬ 
ian doctrine of water rights in streams, 
stemming from an English court deci¬ 
sion in 1833, specifies that water-users 
shall not reduce the quantity or impair 
the quality of the water in the stream 
—which, if strictly interpreted, would 
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prevent any use of the water. 
humid regions can nevertheless adhere 
to the doctrine, because the progressive 
gain in streamJflow offsets the reduc¬ 
tions by consumptive use and dilutes 
the impurities resulting from non-con¬ 
sumptive use. Because of our increas¬ 
ing understanding of the effects of 
water use on the natural resources, 
more and more of the new water- 
development projects are producing 
changes of which the responsible 
ties can say, “It was planned that way. 
There is still room for improvement, of 
course. 

Changes in the surface- and ground- 
water resources resulting from man's 
occupancy and modification of the land 
generally are less direct and less well 
documented than those resulting from 
water use. Most of these changes have 
been inadvertent, and many may have 
been in progress for years, or even cen¬ 
turies, before anyone recognized the 
possibility of a relation between the 
water resources and the land modifica¬ 
tions wrought by man. 

THE HYDEOLOCaC CYCLE 

Any changes wrought by man in the 
<j[uaritities or qualities of ground or sur¬ 
face water represent modifications in 
the natural pattern of circulation of 
water. Because of this natural circula- 


ogy, chemistry, physics, biology, and 
agronomy. Partly because of the com¬ 
plexities of the hydrologic cycle and 
partly because of the high degree of 
specialization of technical research, 
there are only a few small areas where 
we yet have a reasonably complete and 
quantitative description of the opera¬ 
tions of the hydrologic cycle. We know 
how variable the paths of a particle of 
water in the hydrologic cycle can be in 
various parts of the earth. The cease¬ 
less and somewhat capricious circula¬ 
tion of water is depicted in Figure 111. 
Of the water that reaches the land sur¬ 
face by precipitation, some may evapo¬ 
rate where it falls; some may infiltrate 
into the soil; some may run off overland 
to evaporate or infiltrate elsewhere or 
to enter streams. Of the water that in¬ 
filtrates into the ground, some may be 
evaporated; some may be absorbed by 
plant roots and then transpired; some 
may percolate downward to ground- 
water reservoirs. Of the water that 
entt'rs ground-water reservoirs, some 
may move laterally until it is close 
enough to the surface to be subject to 
evaporation or transpiration; some may 
reach the land surface and form 
springs, seeps, or lakes; some may flow 
directly into streams or into the oceans. 
Of the water in streams, some may ac¬ 
cumulate in lakes and surface reser¬ 


tion—the hydrologic cycle—water is 
generally a renewable resource, and it 
is therefore exceptional among the min¬ 
eral resources of the earth and similar 
to the animal and vegetable resources. 
Ground water and surface water are 
only two of several phases in the hydro- 
logic cye](', but they are exceedingly 
important to man, because they pro¬ 
vide his fresh-water supplies. 

The science of hydrology embraces 
all phases of the hydrologic cycle. So 
complex is each of these phases that 
hydrologists must also be specialists in 
one or moi c' of the closely related sci¬ 
ences of cliniatology, soil science, geol- 


voirs; some may be lost by evaporation 
or transpiration of riparian vegetation; 
some may seep downward into ground- 
water reservoirs; some may continue on 
to a salt lake or the ocean. The hydro- 
logic cycle is completed by evapora¬ 
tion from these saline-water bodies and 
by circulation of water vapor in the 
atmosphere. 

Obviously, change is fundamental in 
all aspects of this natural circulation 
of water: geographic variations (from 
place to place on all the land masses of 
the earth) and also secular changes 
(from time to time at any point). Be¬ 
cause of the interrelations of the van- 
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ous phases of the hydrologic cycle, the transpiration draft or in snow-melt 
ground" and surface-water resources which result from day-to-night changes 
vary in response to climatic changes in air temperature; storm runoff from 
either in rates of precipitation or in intense or long-continued precipitation; 
rates of return of water to the atmos- seasonal fluctuations corresponding to 
phere. Man’s development of and use seasonal variations in precipitation or 
of water necessarily modify the natural temperature; annual variations in run- 
circulatory pattern, and by various off reflecting in part the variations in 


WATER PRfr.inTATtD FROM ATMOSPHERIC VAPOR - WATER VAPOR RETURNED TO ATM05.PHERt 



Fig. 111.—Water’s complex pattern of circulation 


other means he may also change the 
rates of infiltration or evapotranspira- 
tion at the land surface or the flow of 
water upon or under the land surface. 

CHANGES CORRELATED WITH 
NATURAL FACTORS 

Many fluctuations in stream dis¬ 
charge are directly correlative with 
climatic factors: diurnal fluctuations re¬ 
sulting from the differences in evapo- 


yearly precipitation over the drainage 
basin. Certain fluctuations of water 
levels in wells in many areas have also 
been correlated with climatic fluctua¬ 
tions—recharge from a single storm, 
from the precipitation of a rainy sea¬ 
son, or from a stream at high stage be¬ 
cause of abundant rainfall or snow¬ 
melt. Floods and droughts represent 
the effects of extremes in precipitation, 
which are clearly reflected in many 
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records of runoff, hike and reservoir 
storage, and storage in many ground¬ 
water reservoirs. 

Most of the secular changes in 
ground and surface waters attributed 
to natural causes an^ changes in quan¬ 
tity, because they result from incre¬ 
ments (or the lack of increments) of 
the relatively pure water of precipita¬ 
tion. lIo\v('ver, some significant changes 
in quality also i(\snlt from natural 
causes. Tims, in arid regions, water in 
lakes and jcservoirs increases in con¬ 
centration of dissolved solids when the 
rate of evaporation exceeds the rate of 
inflow from stix'ams and direct precipi¬ 
tation. CJhanging rates of runofiF may 
also l)(‘ accornpanif'd by changing qual¬ 
ity of water in some streams. For exain- 
pl(*, the Saline River in Kansas receives 
mineialized water from the ground at a 
fairly constant rate, but, because of 
variations in storm runoff, the concen¬ 
tration of dissolved solids has ranged 
from 210 to more than 4,400 parts per 
million in a single year (Durum, 1953). 
The total chemical denudation by water 
of tli(^ land masses of the earth is large; 
it is estimated to be of the order of 60 
tons per square mile annually (Clarke, 
1924, pp. 114-21V 

The fiuctuations in surface-water re- 
soiiict's, and in many ground-water 
resoui ('C‘s, in response to climatic varia¬ 
tions are so commonplace that they are 
taken lor granted l)y water-u.sers, and 
the variations from “normal” precipita¬ 
tion provide an index to the water sup¬ 
plies that tan l)e expected from 
Streams, reservoirs, and some wells. So 
long as the ‘normal” remains constant 
--even though there* are marked varia¬ 
tions from day to day, season to season, 
and year to vear—these variations can 
doubtless he discriminated from the 
changes caused by man, which are 
likely to be progressively greater in re- 
sponse^ to the increasing tempo of man's 
operations. However, with increasing 
length of records of precipitation and 


temperature, there is increasing evi¬ 
dence of progressive changes, or time 
trends, in the climate of many regions. 

Cyclic climatic fluctuations have 
been discussed by many scientists, and 
there is general agreement that, if cy¬ 
clic fluctuations exist, they are certainly 
not yet sufliciently well defined to pro¬ 
vide a basis for reliable long-range 
forecasting of precipitation or tempera¬ 
ture. Otherwise the opinions vary 
greatly, some concluding that there is 
no definite evidence of climatic cycles 
(Henry, 1931), others believing that 
meteorological conditions tend to recur 
in more or less obscure cycles (Horton, 
1899), and still others finding cycles of 
varying length, which necessarily creates 
a complex pattern of time trends in any 
long-term record of precipitation or 
temperature. As pointed out by Willett 
(1953, p. 55): 

There is continually in progress an en¬ 
tire spectrum of cyclical fluctuations of 
climate, cycles of shorter period and small¬ 
er amplitude being superposed on those of 
longer period and larger amplitude. These 
cycle.s include one whose half period, at 
least in Europe, extends from the Climatic 
Optimum at about 3000 b.c. to the peak 
glaciation from a.d. 1600 to 1900; a sec¬ 
ond cycle of smaller amplitude and a pe¬ 
riod of some 2000 years, cool-wet from 
500 B.c. to A.D. 100, warm-dry from 400 
to 1000, and cool-wet from the thirteenth 
century to the present; and shorter and 
smaller cycles, from a few centuries in pe¬ 
riod to the 80-year, the double sunspot, 
and the single sunspot cycles observed 
during the past two centuries. 

The records of precipitation at nu¬ 
merous localities in the we.stern United 
States now cover more than a half-cen¬ 
tury, and many of these indicate alter¬ 
nation of wet and dry periods of sev¬ 
eral years' duration. Thus in southern 
California, where most of the precipi¬ 
tation comes from the Pacific Ocean 
and occurs in winter, alternating wet 
and dry periods commonly ten to fif¬ 
teen years in duration have been iden- 
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tified (StafiFord and Troxell, 1953). In 
Texas, Oklahoma, and Kansas, where 
precipitation is derived principally 
from the Gulf of Mexico and occurs 
chiefly in the summer (Kansas Water 
Resources Committee, 1955), there are 
indications of cyclic fluctuations in 
summer precipitation at several locali¬ 
ties. These fluctuations are of length 
similar to those in California, but they 
are opposite in phase. In some localities 
in the intervening southern Rocky 
Mountain region, the trends in summer 
and winter precipitation have some 
similarity to those in localities domi¬ 
nated, respectively, by the Gulf and Pa¬ 
cific types of precipitation. Thus at Salt 
Lake City the winter precipitation ap¬ 
pears to reflect the Pacific cyclic trends 
and the summer precipitation agrees 
fairly well with the Gulf trends. 

Of the several cyclic fluctuations 
mentioned by Willett, only the shortest 
—the sunspot and double sunspot— 
would be shown completely on most 
of the available precipitation records, 
although the records for some locali¬ 
ties are long enough to cover the period 
of an eighty-year cycle. Records per¬ 
taining to surface or ground water are 
generally far shorter than those of pre¬ 
cipitation, although a few exceptionally 
long records are available for inter¬ 
pretation. For example. Abbot (1935) 
reports periodicities in climate inte¬ 
grally related to the twenty-three-ycar 
sunspot cycle, and he finds the effects 
of this cycle in the records of discharge 
of the Nile River and the levels of the 
Great Lakes. 

From various sources there are indi¬ 
cations of long-term changes in the 
climate of the earth, which may be the 
effects of climatic cycles having periods 
of several centuries. Kincer (1946) 
shows that temperatures at the stations 
of longest record have been increasing 
progressively for eighty years or more; 
drawing upon records from Ganada, 
Europe, Asia, South America, and the 
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East Indies, he concludes that ‘'the 
practically unanimous testimony of 
these graphs not only establishes the 
realness of these upward trends but 
shows that they are operative on an ex¬ 
tensive geographical scale.” In the years 
since 1940 there has been a slight 
downward trend at many localities, but 
it is not yet known whether this repre¬ 
sents a reversal of the long-term trend. 
The argument that most records are 
obtained in cities where an upward 
temperature trend might result from 
man’s occupancy was anticipated by 
Kincer, and he has shown that the in¬ 
crease in temperature is as marked in 
Lynchburg and Dale Enterprise, Vir¬ 
ginia, and Easton, Maryland, as in the 
city of Baltimore. 

Glaciers provide excellent evidence 
as to the balance between precipitation 
and evaporation. If the precipitation is 
heavy enough or the temperature low 
enough to retard the rate of evapora¬ 
tion, the glacier will advance; if pre¬ 
cipitation is light or temperature suffi¬ 
ciently high, the glacial front will re¬ 
cede. The long-term trends as shown 
by glacial advances and recessions re¬ 
sult entirely from natural conditions 
and need not be adjusted for man's 
activity. The data summarized by 
Matthes (1946) show that glacial re¬ 
cession has been general since the mid¬ 
dle of the nineteenth century and that 
it is world wide. The data, like those 
of temperature, suggest a rough syn¬ 
chronism in long-term climatic trends 
throughout the world; these trends in 
the last century would cause a decrease 
in net water supplies, and probably a 
deterioration of quality, of both surface 
water and ground water. Since 1940, 
many glaciers have been advancing, as 
might be expected with the decreasing 
temperatures. The glacial advances in 
Glacier Park, Montana, have coincided 
with forecasts based on sunspot cycles 
(Dightman and Beatty, 1952). 

Measurements by the United States 
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Coast and Geodetic Survey since 1900 
show that there has been a s^radiiaJ but 
progressive rise in sea level along the 
Atlantic, Gulf, and Paciiic coasts of the 
United States—slight in the first three 
decades of the century and at an in¬ 
creased rate since J930 (Manner, 
1949). It is not known to what extent 
these changes may bo clue to changes 
in the relative position of continental 
blocks and the ocean floors of the 
earth's crust. However, a decrease in 
the w'ater held on the continents in 
streams, lakes, subsurface storage, or 
in arctic regions in ice masses, would 
result in a corresponding increase in 
the water of the oceans. The rise in sea 
level therefore is not in conflict with 
other hydrologic evidence that in the 
past century the trend has been toward 
decreasing net water supplies on the 
continents. Indeed, the pronounced rise 
in ocean level beginning about 1930 
may reflect the widespread depletion 
of surface-water and ground-water sup¬ 
plies in the drought of the 1930 s. It is 
well known that during the glacial 
epochs, when vast quantities of ice 
were stored on the continents, the sea 
level was several hundred feet lower 
than it is today. 

Research in tree-ring hydrology 
(Schulman, 1951) gives promise of 
providing a basis for detailed analysis 
of changes in arid regions during the 
past sevtral centuries—changes that 
may ha\ e been in progress for periods 
far loiigi I than are covered by recorded 
data on precipitation, runoff, ground- 
W'ater storage, glacial advances and re¬ 
cessions. or sea-level changes. 

< ll \Ki;KS CORRELATED WITH 
W'ATER USE 

It is poss:hU' to look at water or to 
float iqion if uitliout changing its nat¬ 
ural course through the hydrologic 
cycle, but practical^ all other uses of 
water recjuue some modification of the 
natural circulation; and even for con- 
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tinuing enjoyment of recreation or 
navigation it may be desirable to make 
some changes in the natural conditions. 
Consequently, many changes in quan¬ 
tity and quality of ground and surface 
waters are clearly correlated with water 
development and use. Among the most 
obvious of these are the effects of the 
storage and regulation of streamflow by 
artificial reservoirs. Natural variations 
in the quantity and quality of inflowing 
water tend to disappear in a reservoir, 
so that the outflowing water has greater 
uniformity of quality and can be re¬ 
leased at rates best suited for man's 
purposes. 

The development and sustained use 
of ground water similarly modify the 
natural circulation of water by divert¬ 
ing through wells the water that would 
naturally be discharged into streams, 
springs, and seeps or, at the land sur¬ 
face, by evapotranspiration. Gravity is 
the controlling force in the natural cir¬ 
culation and also causes the flow to¬ 
ward a well as water is withdrawn. 
Water tables and artesian pressures 
must be lower than they would be with¬ 
out the development and use of wells, 
and they will continue to decline until 
a new equilibrium is established in the 
hydrologic cycle, in which the well dis¬ 
charge is balanced by decreased nat¬ 
ural ground-water discharge or by in¬ 
creased recharge. “Falling water tables” 
are likely to constitute significant pro¬ 
gressive changes during increasing de¬ 
velopment and use of ground water. 

Water is being withdrawn from some 
ground-water reservoirs at rates in ex¬ 
cess of the natural replenishment, and 
the result is that the storage in the 
reservoir is being progressively de¬ 
pleted. In these areas water is being 
mined, just as the non-renewable re¬ 
sources of iron, copper, or petroleum 
are mined. In the United States the 
principal areas of ground-water mining 
are in the southwestern states ( Thomas, 
1951, PI. II). In any area of ground- 
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water mining there are progressive 
changes in quantity of ground water 
because of man's development. Doubt¬ 
less the cessation of withdrawal from 
wells in most of these areas would be 
followed by gradual refilling and even¬ 
tual restoration of the natural storage 
and circulation in the ground-water 
reservoir (Nelson and Thomas, 1953). 
However, in some arenas near the sea- 
coast, the withdrawal of fresh water 
has been accompanied by inflow of 
ocean water,^ with the result that the 
quality of water in the ground-water 
reservoir has been changed, perhaps 
permanently. 

Subsidence of the land surface has 
been reported in many areas of heavy 
ground-water draft, and it may well be 
occurring in mo;;t regions of progres¬ 
sive depletion of ground-water storage. 
Measured subsidence attributed to 
ground-water withdrawal has been as 
great as 1.5 feet at Las Vegas, Nevada 
(Thomas, 1954), 3 feet near Texas City, 
Texas (Winslow and Doyel, 1954^), 
and 6 feet at San Jose, California (Tol- 
man and Poland, 1940). In Mexico City 
the annual rate of subsidence increased 
from 1.6 inches in 1937 to 5.5 inches in 
1948 and 11.5 inches in 1954, and the 
Palace of Fine Arts has been lowered 
16 feet since 1937 (Ortiz, 1953; Anony¬ 
mous, 1954). The obvious effects of 
land subsidence are disruption of drain¬ 
age and, particularly in urbanized 
areas, potential damage to structures. 
A less obvious but ultimately more im¬ 
portant effect may be the permanent 
loss of underground water-storage ca¬ 
pacity. 

Artificial recharge constitutes an im¬ 
portant effort by man to adapt the nat¬ 
ural water resources to his needs, on 
the basis that, if the natural replenish¬ 
ment to a OTOund-water reservoir is in¬ 
sufficient for the demand (as in any 
area of ground-water mining), he will 

1. Todd, 1952; Banks and Richter, 1953; 
Winslow and Doyel, 1954a; Parker, 1955. 
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augment the inflow by artificial meaiss. 
Notable progress has been made in arti 
ficial recharge in some regions, as in 
Sweden, where artificial ground water 
now constitutes about 10 per cent of all 
water used for municipal supplies 
(Jansa, 1951). In the United States 
there are numerous examples of arti¬ 
ficial recharge (Todd, 1955), but in 
comparison with the magnitude of 
ground-water development these would 
represent no more than experimental or 
pilot projects. Nevertheless, artificial 
recharge has increased the storage in 
some ground-water reservoirs (Blaney 
and Donnan, 1945) and has reduced 
the rate of depletion in many others. 
Artificial recharge is achieved in many 
places through wells, shafts, or other 
excavations, but the most common 
method is by water-spreading in the 
recharge area of a ground-water reser¬ 
voir, either in natural channels, con¬ 
structed basins or ponds, or ditches and 
furrows which may serve also to irri¬ 
gate crops in the spreading area. A 
water-spreading area in southern Cali¬ 
fornia is shown in Figure 112. Studies 
indicate that the consumptive use of 
water by vegetation in a spreading area 
generally is negligible in comparison 
with its beneficial effect upon the per¬ 
colation rate (Mitchelson and Muckel, 
1937), and more recent research has 
developed other means of increasing 
the rate of infiltration in water-spread¬ 
ing areas (Muckel, 1951). 

The changes in ground and surface 
water summarized in preceding para¬ 
graphs result from man’s withdrawal 
of water for use or from his efforts to 
regulate the natural resource for sus¬ 
tained withdrawal. These are also the 
principal changes that result from con¬ 
sumptive use of water, because con¬ 
sumptive use involves withdrawing of 
water from natural sources and com¬ 
bining it with other matter or passing 
it as vapor to the atmosphere. How¬ 
ever, any water that is returned to the 
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atmosphere must leave a residue of the 
salts that were dissolved in it. This resi¬ 
due may be left in water remaining as 
ground or surface water, in the soil, or 
in boilers or other heated vessels. For 
many water-users, as, for example, those 
using water for irrigation in arid re¬ 
gions, an important use of water is the 
non-consumptive one of flushing away 
the residues left by water used con¬ 
sumptively. 

Non-consumptive use of water has 
resulted in significant increases in 
quantities of ground water in numerous 
areas, especially in arid regions where 
surface water has been diverted and 
used for irrigation. These effects of ir¬ 
rigation are identical with the artificial 
recharge achieved by water-spreading, 
except that they generally have been 
unintended and unforeseen. In some 
places the increased ground-water 
storage has been welcome, because it 
has provided water for increased de¬ 
velopment and use. As a general rule, 
however, the introduction of irrigation 
to arid and semiarid regions has been 
followed by drainage problems. In the 
valleys of the western United States 
there are thousands of acres of water¬ 
logged and abandoned land, larger 
areas where productivity has decreased 
because of a rising water table and of 
salinization and structural changes in 
soils, and extensive drainage projects to 
overcome these difficulties. 

The Imperial Valley of southern Cali¬ 
fornia provides an excellent example of 
progressive deterioration of irrigated 
lands and also of man’s ability to over¬ 
come these difficulties (Donnan et ah, 
1954). The Imperial Irrigation District 
embraces about 500,000 acres of irriga¬ 
ble land and uses nearly 3,000,000 acre- 
feet of water annually. The water 
comes from the Colorado River and 
contains nearly a ton of salts per acre- 
foot. Irrigation water was first brought 
into the valley in 1901, and the need 
for drainage became evident as early 
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as 1902. By 1919, about 25 per cent of 
the irrigable land had become affected 
by a high water table and salt accumu¬ 
lation, and soon thereafter an extensi\ e 
system of open drains was constructed 
at a cost of $2,500,000. Nevertheless in 
1940 the water table was less than (i 
feet below the land surface in 44 p('r 
cent of the area, and in an average year 
salt was accumulating in the soil at a 
rate of about a ton per irrigated acre. 
During the next ten years, however, 
methods for adequate drainage were 
developed by research, and more than 
100,000 acres were successfully drained; 
the entire area is now well along to¬ 
ward complete reclamation. 

Non-consumptive uses of water have 
caused a wide variety of changes in the 
qualities of surface and ground waters. 
With increasing population, increasing 
industrialization, and increasing agri¬ 
cultural use of the land, it is inevitable 
that the non-consumptively used waters 
—sewage, industrial wastes, and return 
flow from irrigation—will cause progres¬ 
sive deterioration in quality of the 
wat» 0 i‘ to which they are returned unless 
effective countermeasures are under¬ 
taken. These effective countermeasures 
are the essence of pollution control, 
and for a discussion of corrective meas¬ 
ures the undesirable elements in non- 
consumptively used water may be 
logically grouped as organic wastes, 
dissolved inorganic wastes, solid or 
semisolid refuse, and heat. 

Organic wastes are putrescible and 
eventually are fully decomposed by 
nature. Organic wastes have caused 
progressive deterioration in quality of 
surface water in many places, reflecting 
increasing rates of waste disposal. But 
this form of pollution is curable, for the 
cost of adequate treatment facilities, 
and need not represent a permanent 
change in any water. 

The soluble chemicals or minerals 
comprising the inorganic wastes largely 
remain in the water, and their effects 
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are usually clirninishcd only by dilu- irrigation, etc.-and comparison with 
tion. Many industries must dispose of earlier data (where available) may 
soluble inorganic wastes, and many show the effects of mans use. As a rule, 
mines and oil Gelds must dispose of both the volume of waste and the voJ- 


naturaJ waters that are saline or acid 
in order to develop fuels and mineral 
resources of economic value. As exam¬ 
ples, 6,500 gallons of mineralized water 
must be pumped per ton of anthracite 
coal mined in Pennsylvania, for an 
average of 470 million gallons a day in 
1951 (Ash ct ah, 1953); and with each 
gallon of petroleum produced in Kan¬ 
sas there is a by-product of 5 gallons of 
brine, so that about 65 million gallons 
a day of brine must be disposed of 
(Kansas Water Resources Committee, 
1955). Some waste products can be in¬ 
jected into deep wells or piped direct¬ 
ly to the ocean, but a large proportion 
has been dumped into streams, with 
the general result that the quality of 
water in those streams has deteriorated 
markedly because of man’s activities. 

Solid or .semisolid wastes may be 
flushed on out to sea or, like the sedi¬ 
ment carried naturally in streams, may 
accumulate in reservoirs or fill the 
stream channel: the sediment from 
placer mining in California filled stream 
beds and aggravated the flood hazard 
until the placer operations were sub¬ 
jected to rigid control. The deleterious 
eflPect of heat is perhaps best demon¬ 
strated by the Mahoning River in 
Ohio, where, through repeated indus¬ 
trial use of water, the total diversions 
for cooling may be as much as ten times 
the flow in the river and where the 
river temperatures may sometimes be¬ 
come so high as to render normal sew- 
age-purification processes ineffective. 

The quality of stream waters is indi¬ 
cated by continuing measurements of 
temperature, dissolved solids, sus¬ 
pended sediment, and organic content. 
These data indicate the suitability of 
the water for various types of use- 
drinking and culinary, sanitary and 
service, cooling, processing, boiler feed. 


ume of water in the stream vary 
through a wide range during a year. 

The suitability of stream water for 
aquatic life, and therefore for recrea¬ 
tion, cannot be fully evaluated on the 
basis of the measurements as to quality. 
Pollution of a stream has diverse ef¬ 
fects upon the biodynamic cycle: sedi¬ 
ment destroys the habitats of, or is di¬ 
rectly injurious to, certain organisms; 
sewage removes oxygen; some chemi¬ 
cals have toxic effects; high tempera¬ 
tures are injurious to many forms of 
life (Patrick, 1949). The composite 
effect of pollution upon aquatic life is 
a resultant of these several factors and 
requires analysis of changes in the bio¬ 
logic equilibrium. Commonly, the first 
effect of pollution is to eliminate some 
species but to increase the abundance 
of those remaining. More severe toxic 
effects eliminate additional groups, and 
very severe toxic effects kill all organ¬ 
isms. Recently a continuous sampler 
of diatom flora has been developed 
which gives promise of serving as a 
reliable indicator of the biologic effects 
of pollution (Patrick et al., 1954). 

The quality of ground water has 
been affected by waste disposal in 
many places, chiefly by dissolved min¬ 
eral matter. Such effects have been 
traced to percolation of water from 
contaminated streams, to the discharge 
of wastes into pits or wells, or to their 
distribution over the ground. The evi¬ 
dences of pollution may not appear for 
many years, because of the characteris¬ 
tically slow movement of water under¬ 
ground. Some uncommon and unnat¬ 
ural industrial by-products have acted 
as tracers, revealing paths of under¬ 
ground movement of water that had 
not been previously known or even sus¬ 
pected. The disposal of radioactive 
wastes in the United States, supervised 
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to date by the Atomic Energy Com¬ 
mission, is preceded by studies to in¬ 
sure that these wastes will not appear 
in places where they are not intended 
and definitely not wanted. As the use 
of radioactive materials becomes more 
widespread, it will be important to 
maintain this assurance that waste dis¬ 
posal will not affect the usable water 
resources. 

The unconsumed water from irriga¬ 
tion generally impairs the quality of 
the water to which it returns, whether 
by flow to a stream or by downward 
percolation to a ground-water reservoir. 
As already mentioned, the non-con¬ 
sumptive use of water is essential for 
maintenance of a satisfactory salt bal¬ 
ance in the soils of arid regions, and it 
may be concluded that some deteriora¬ 
tion is inevitable as a price for the 
multiple use of water that is character¬ 
istic of many irrigated regions. 

The history of the Gila River Basin 
in Arizona exemplifies many changes 
in quantity and quality of ground and 
surface waters as a result of water use 
(Halpenny et ah, 1952). Reservoirs 
were constructed more than twenty-five 
years ago on the Salt and Gila rivers to 
store and regulate the streamflow, and 
the use of water within the basin has 
been so intensive that there has been 
practically no outflow from the basin 
into the Golorado River for thirteen 
years. Diversion and non-consumptive 
use of the surface water soon caused 
an increase in ground-water storage, 
and a rising water table caused diffi¬ 
culties in the vicinity of Phoenix more 
than thirty years ago; but these diffi¬ 
culties were successfully overcome by 
pumping from wells. The pumping pro¬ 
vided water for increasing the irrigated 
acreage, and further ground-water de¬ 
velopment was undertaken with enthu¬ 
siasm, so that in recent years ground 
water in the Salt River Valley has been 
mined at increasing rates for irrigation 
of larger and larger areas. Non-con- 
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sumptive use and re-use of ground 
water have caused a progressive deteri¬ 
oration in quality of water in the lower 
part of the basin, and as a result lands 
were being abandoned in the vicinity 
of Wellton and Mohawk until recently, 
when the purer water of the Golorado 
River was imported for irrigation. 

Individual developments and uses of 
water have made innumerable changes 
in the quality or quantity of the water 
available to other water-users, even 
though there has been no significant 
change in the regional water resources. 
This is to be expected, inasmuch as 
each development results in some 
modification of the natural circulation 
of water. Such modifications are likely 
to cause controversies among the water- 
users affected, and many court deci¬ 
sions involving water have been con¬ 
cerned entirely with local hydrologic 
details. The term “interference” has 
been applied to the reduced yield of 
one wedl caused by withdrawal from a 
near-by well, and this term might be 
extended broadly to many other local 
changes resulting from development: 
the reduction of streamflow or spring 
discharge due to pumping from wells; 
the reduction in ground-water recharge 
due to diversion of surface water to 
other areas; the reduction in ground- 
water recharge due to regulation of 
streamflow for purposes of flood con¬ 
trol, navigation, or other use; and many 
other instances in which ground-water 
use may affect surface-water resources, 
or vice versa. 

CHANGES CORRELATED WITH 
LAND OCCUPANCY 

In numerous localities the quantities 
and qualities of the water resources 
have been changed by enterprises of 
civilization not related to the use of 
those resources. Generally, the changes 
pertain to ground water, although in 
some instances the surface water has 
been modified. Some of these changes 
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have been jntciitionai and some have 
been beneficial, but others have been 
detrimental either to th(' user oi land 
or to thc^ iis(*r ol water in the affected 
area. 

The total acreage of cultivated land 
has been increased materially by arti¬ 
ficial drainage of swampy areas and 
lakes. Some such areas occur in prac¬ 
tically every one of the United States, 
but they are especially numerous where 
Pleistocene glaciation left thousands of 
lakes, swamps, and undrained depres¬ 
sions. In Michigan about 14,000 square 
miles of land have been artificially 
drained by some 23,000 miles of open 
ditches or tiled drains. The regional 
water table has been lowered signifi¬ 
cantly in about one-third of this area. 

In many places in the United States 
the drainage has not been as beneficial 
as anticipated. Some drains have made 
land suitable for plowing earli(?r in the 
spring hut have also reduced the avail¬ 
able water supplies for crops in the 
^Titical late-summer months. Common- 
!)', the effects of drainage have extend¬ 
ed considerably beyond the trouble¬ 
some swampy area, and the water table 
has been lowered to the disadvantage 
of the surrounding areas. Drainage of 
many natural depressions has aggra¬ 
vated the flood capabilities of streams 
by providing an outlet for surplus run¬ 
off which, prior to drainage, had been 
held within the area. 

Ou the other hand, some drainage 
projects have produced valuable water 
in addition to their principal objective 
of improving the usability of the land. 
For example, the shallow water table 
was hnvered several feet by drains prior 
to const ruction of the Geneva Works 
of United States Steel Corporation near 
Provm, Utali. These drains have reduced 
the natural evapotranspiration within 
the plant area, and they now discharge 
water equivalent in quantity to the con¬ 
sumptive use of water within the plant. 
Thus Utah has gained a major industry 


having a large water requirement but 
with practically no depletion of the 
states developed water resources. By 
economical water management, the 
Geneva Works return to other water- 
users in the drainage basin more water 
than had been returned to them by 
former occupants when the same area 
was agricultural land (Thomas, 1952h). 

In many areas the natural infiltration 
to the soil has been modified by struc¬ 
tures that serve to “waterproof' the 
land surface. The effect of imperme¬ 
able surfacing is evident along paved 
highways in the desert, for the vegeta¬ 
tion adjacent to the pavement charac¬ 
teristically is more luxuriant than the 
same species at greater distance from 
the highway, because of the water flow¬ 
ing from the pavement during rains. In 
urban areas, buildings, streets, and 
parking lots may cover a large propor¬ 
tion of the total land area; about half 
of the area of Brooklyn, New York, has 
been thus waterproofed, and the re¬ 
charge to the underlying ground-water 
reservoir is now probably about half as 
great as under natural conditions. The 
precipitation on these constructed im¬ 
permeable surfaces may be carried by 
storm sewers to streams and thus may 
contribute to flood peaks. 

In some regions, constructed imper¬ 
meable surfaces provide water for 
beneficial use, including culinary use 
by people who are not allergic to birds. 
The water supply for Gibraltar is a 
notable example, and many farm homes 
in the United States have cisterns which 
store water collected from house roofs. 

In many agricultural areas there is 
evidence that the soil permeability has 
been modified by man sufficiently to 
reduce infiltration from precipitation. 
Changes, for example, in vegetative 
cover, tillage practices, and irrigation 
that increases die exchangeable sodium 
in the soil have also changed soil per¬ 
meability (Barksdale and Remson, 
1954). These modifications may have 
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reduced the natural recharge to some 
ground-water reservoirs and thus re¬ 
duced the volume of ground water in 
storage, but generally the evidence is 
inconclusive. Statements as to the effect 
of agricultural land use upon ground- 
water resources commonly lack one or 
more of the following essential ele¬ 
ments of proof: (1) that there is a 
ground-water reservoir beneath the soil 
whose permeability has been modified; 

(2) that the storage in that reservoir 
has decreased since the modification; 

(3) that this decrease cannot be 
ascribed to natural causes; and (4) that 
this decrease is not caused by man’s 
development and use of the ground 
water. Most of the effects of agricul¬ 
tural use of the land upon ground- 
water resources, therefore, are properly 
included in the next section. 

THE REALM OF UNCERTAINTY 
AND GENERALIZATION 

Land use is only one of many areas 
in which we have not yet the evidence 
to draw quantitative conclusions as to 
the effect of man upon the quantities 
and qualities of ground and surface 
waters. Indeed, it is quite possible that 
several paragraphs contained in the 
preceding sections will be shown by 
further research to have a greater ele¬ 
ment of uncertainty than has been indi¬ 
cated. This is a common weakness of 
summary papers of this sort, which 
tend to present broad generalizations 
on the basis of a very few cited exam¬ 
ples. 

Nature in the past has reversed some 
of man’s best judgments. Several years 
ago the city of Chicago was the recipi¬ 
ent of protests from other users of the 
Great Lakes, who said that the diver¬ 
sions through the Chicago Sanitary and 
Ship Canal were lowering the lake lev¬ 
els and reducing the natural outflow 
from the lakes. The large diversions 
were primarily for the purpose of dilut¬ 
ing the city’s raw sewage, which was 
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discharged into the canal and eairitN:! 
into the Mississippi River Basin. The 
decision of the city to provide treat¬ 
ment for its sewage—predicated upon a 
Supreme Court decision—permitted a 
substantial reduction in diversions arul 
also benefited a segment of humanity 
by improving the quality of the water 
resourees. But, with rising lake levels 
in recent years, the importance of natu¬ 
ral factors has been more fully realized 
than it was during the controversy over 
the drainage canal. 

Some of our longest records of lake 
levels or of stream discharge indicate 
progressive changes that have not yet 
been certainly correlated either with 
natural factors or with man’s activities. 
Thus, the level of Devils Lake in North 
Dakota dropped progressively from 
1867 to 1940, and the storage in it 
dwindled from 1,500,000 to 20,000 acre- 
feet (Thomas, 1951). This decline has 
been attributed by some workers to the 
change from grassland to cultivated 
land in the drainage basin, although the 
lake level had begun to recede before 
that change took place. Recent studies 
(Swenson and Colby, 1955) indicate 
that the fluctuations in lake level reflect 
fluctuations in climate, including both 
precipitation and temperature. After 
the effects of these natural factors are 
assessed quantitatively, the influence of 
man can be evaluated. 

There is as yet no complete explana¬ 
tion for the changes in runoff of the 
Columbia River. The runoff at The 
Dalles, Oregon, declined progressively 
from an annual average of 167 million 
acre-feet in the ten years 1893—1902 to 
an average of 113 million acre-feet in 
1936-45. During this period of decline 
the use of water for irrigation increased, 
particularly in the Snake River Basin 
in Idaho. But recent studies (Simons, 
1953) show that the total consumptive 
use is currently less than 7 million acre- 
feet, a very small part of the measured 
decline in runoff. The runoff of the Co- 
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sources CoinnnlU ■, UJ55). Is the poor 
qimlitv of waiter due to pollution that 
occurred n/iiny decades ago, or is it a 
natural condition? In the absence of 
data for those early years, the question 
may remain unanswered. But, if peri¬ 
odic resampling shows a gradual im¬ 
provement of quality in some of these 
sources, there is at least an inference of 
pollution that has since been abated, 
and there are prospects that the water 
some day may become usable. 

Jri some developed ground-water res¬ 
ervoirs, even though water levels in 
wells are known to have been lowered 
by pumping, it cannot be said with as¬ 
surance that the reservoir is overdevel¬ 
oped, because an unknown proportion 
of the decline is caused hy below-nor- 
mal precipitation, streamflow, and re¬ 
charge (Waite and Thomas, 1955). 

The “falling water tables” reported 
in many regions are matters of great 
concern to many people, especially 
those who are not familiar with the pe¬ 
culiarities of ground water. A falling 
wattT table can be evidence of ground¬ 
water mining, but it can also be the 
result of drawing upon storage during 
drought where the average use does not 
exceed the safe yield, and it can also be 
a product of interference among closely 
spaced wells. The water table can be 
lowercal also because of natural factors. 

Use (or “abuse”) of land that tends 
to reduce soil permeability may well be 
a factor in reducing ground-water stor¬ 
age in some areas, but from present in¬ 
formation this factor has been empha¬ 
sized out of all proportion to its true 


importance (Bernhagen, 1950). And, 
similarly, the slogan for correcting 
“abuse” of the land—“hold the raindrop 
where it falls”—is a generalization that 
ignores the great natural variations in 
permeability of soils and underlying 
rock materials. 

PROBLEMS FOR THE FUTURE 

The incomplete answer that must be 
given to the question as to mans role 
in changing the natural resources of 
ground and surface waters is a clue to 
the problems facing hydrologists in the 
future. For the historian, the record of 
these changes is meager but probably 
on a par with records of many other ac¬ 
tivities of man, particularly if one is 
considering several centuries. But, for 
the hydrologist, there is need to know 
as accurately as possible the modifica¬ 
tions that man makes in the hydrologic 
cycle—past, present, and future—in the 
hope that man can progressively in¬ 
crease his ability to modify the hydro- 
logic cycle to his advantage. By work¬ 
ing with nature, adapting his needs to 
the natural cycle or adapting that cycle 
to his needs, man can obtain the great¬ 
est beneficial use of the water re¬ 
sources. The question discussed here, 
as to the effects of man's activities to 
date, is an essential element in the 
quest for knowledge on which to base 
these adaptations in the future. 

The progressively increasing use of 
water and land has created a great vari¬ 
ety of problems. Many of these prob¬ 
lems arise through man’s efforts to 
adapt an irregular water supply to his 
demands, and many others are by-prod¬ 
ucts of his progress toward accommo¬ 
dating an increasing population and 
raising the standard of living for all. 
Most problems in the past have been 
concerned with water in a single phase 
of the hydrologic cycle—precipitation, 
soil moisture, ground water, surface 
water—and they have required increas¬ 
ing specialization on the part of engi- 
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neers, geochemists, geologists, geo¬ 
physicists, meteorologists, and soil sci¬ 
entists. Obviously, there is a continuing 
need for highly specialized talents in 
hydrology. 

On the other hand, the “specialist” 
approach is not enough to meet the 
needs of the future. The movement of 
water through the hydrologic cycle can 
be fully described only by the combined 
efforts of men having the separate dis¬ 
ciplines of many scientific specialties. 
No person who has limited his studies 
to ground water or soil water or sur¬ 
face water or precipitation, or to the 
development and use of water, can have 
all the answers, because the water even¬ 
tually moves out of his field in its 
course through the hydrologic cycle. 
The announced purpose of this sympo¬ 
sium—to emphasize “stimulation of in¬ 
terdisciplinary thought”—is an impor¬ 
tant objective within the field of water 
resources alone: the objective of fully 
comprehending the interrelations of the 
hydrologic cycle and determining the 
quantities of water involved in its dif¬ 
ferent phases accurately enough to 
serve the needs of contemporary stages 
of planning and development. 

Many of the cited uncertainties as to 
man’s influence on the water resources 
stem from inadequate data, and reli¬ 
able conclusions may be forthcoming 
with increasing length of records. Many 
other uncertainties result from lack of 
quantitative information as to the in¬ 
terrelation of soil-water, ground-water, 
and surface-water storage. This lack of 
knowledge is a serious handicap in 
comprehensive planning for water-re¬ 
sources development. As an example, 
it has been found in Kansas that, al¬ 
though data on surface water are suflS- 
cient for planning storage and flood- 
control projects, comprehensive plan¬ 
ning for over-all water-resources devel¬ 
opment is handicapped by the inade¬ 
quacy of knowledge of the potentials 
for soil-water or ground-water storage 
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(Kansas Water Resources Comniittce, 
1955, pp. 163-80). Controversies such 
as those over big dams versus little 
dams (Leopold and Maddock, 1954) or 
upstream versus downstream engineer¬ 
ing may have their origin in competi¬ 
tion for use of water, but they are nur¬ 
tured best in fields of inadequate 
knowledge. 

It is not the intent of this paper to 
belittle the accomplishments of man in 
research leading to a better understand¬ 
ing of the water resources. There are 
many such accomplishments, and they 
have led to major improvements in the 
development and use both of water and 
of agricultural land. But there are still 
outstanding opportunities for hydrolo¬ 
gists of the future, who can take our 
present knowledge as merely the com¬ 
mencement for their work. 

Recent and current studies show the 
trend toward broader comprehension of 
water resources and of the interrelations 
of the natural cycle and of man’s uti¬ 
lization of water. The possibilities of 
utilization of ground-water storage in 
over-all water resource development 
have been discussed in several papers 
(Conkling et ah, 1946; Thomas, 1952a), 
and the complementary nature of flood- 
control and water-supply problems has 
been pointed out (Laverty, 1945; Kan¬ 
sas Water Resources Committee, 1955). 

The importance of water in the proc¬ 
ess of photosynthesis has recently been 
summarized in papers by Mahoney et 
al. (1952), and the utilization and con¬ 
trol of vegetation for obtaining maxi¬ 
mum water yields have been discussed 
in a book by Colman (1953) and in nu¬ 
merous papers.^ Special study has been 
devoted to the problem of phreato- 
phytes, which waste significant quanti¬ 
ties of water in arid regions (Gatewood 
et al.y 1950; Robinson et al., 1952). 

The problems pertaining to quality 
of waters available for use have been 

2. Hoover, 1944; Dunford and Fletcher, 
1947; Wilm and Dunford, 1948. 
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the subject of comprehensive study in 
many regions, of which recent studies 
in California (Banks and Lawrence, 
1953) are noteworthy because that state 
plans to overcome the natural water de¬ 
ficiency of its arid regions by full uti¬ 
lization of all its water resources (Berry, 
1950). One possible method of increas¬ 
ing the usability of water resources is 
the reclamation of sewage and indus¬ 
trial waste waters (Rawn, 1952; Cali¬ 
fornia Water Pollution Board, 1953). 
In the East, used waters have been suc¬ 
cessfully reclaimed in many localities; 
a recent accomplishment is the disposal 
of organic wastes and recovery of usa¬ 
ble water through woods irrigation 
(Mather, 1953). 

Partly because of currerit progress in 
hydrologic research and partly because 
of the replenishment that is inherent in 
the hydrologic cycle, I am inclined to 
look to the future with optimism. Ad¬ 
mittedly, many of man's activities have 
affected the water resources to his det¬ 
riment, and some of these operations 
appear to be irreversible—as, for exam¬ 
ple, the subsidence of land and result¬ 
ing reduction in underground storage 
capacity caused by pumping in some 
areas, the introduction of contaminated 
water into ground-water reservoirs 


whose water was formerly suitable for 
use, or the collection of sediment in 
reservoirs. And some of the detrimental 
operations can be reversed only at some 
sacrifice to the economy of the region. 
Thus, where pumping from wells is 
causing a progressive depletion in stor¬ 
age, cessation of pumping and waiting 
for replenishment by natural means may 
be the only way to renew the natural 
resource, and that will doubtless be 
costly to the economy. However, in 
some such regions, artificial recharge 
may provide a means of increasing the 
supply to balance the demand. 

Generally, in so far as water is 
concerned, modem technology has 
many weapons to combat the difficulties 
that faced earlier civilizations—turbine 
pumps to raise water from great depths 
in times of shortage or to remove water 
from waterlogged areas; concrete and 
steel to hold water where it is wanted 
and away from places where it is not 
wanted; purification plants to remove 
the undesirable constituents from wa¬ 
ter; agricultural equipment to modify 
the land surface so that water can be 
of maximum benefit to crops. As with 
many other products of the machine 
age, however, man does need to de¬ 
velop and increase his skill in using 
these materials. 
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Modification of Rural Microclimates 

C. W. THORNTHWAITE” 


Nowhere is the theme of this confer¬ 
ence better phrased than in the preface 
of a book entitled The Earth as Modi¬ 
fied by Human Action by George Per¬ 
kins Marsh, in which he states that his 
purpose is ‘‘to indicate thc^ character 
and . . . extent of the changes produced 
by human action in the physical condi¬ 
tions of the globe . . . ; to point out the 
dangers of imprudence and the neces¬ 
sity of caution in all operations which 
. . . interfere with the spontaneous ar¬ 
rangements of the organic or the inor¬ 
ganic world; [and] to suggest the pos¬ 
sibility and the importance of the res¬ 
toration of disturbed harmonies and the 
material improvement of waste and ex¬ 
hausted regions” (Marsh, 1874, p. hi). 

Marsh was particularly concerned 
with man’s capacity to bring about 
changes in climate either deliberately 
or involuntarily. He marshaled an im¬ 
posing mass of support for the thesis 
that precipitation and the temperature 

® Dr. Thornthwaite is Director of the Lab¬ 
oratory of Climatology, Centerton, New Jersey, 
and Professor of Climatology at Drexel Insti¬ 
tute of Technology, Philadelphia. He was a 
member of the faculty of the University of 
Oklahoma (1927-34), of the University of 
Maryland (1940—46), and of The Johns Hop¬ 
kins University (1946—55). Since 1951 he has 
been president of the Commission for Cli¬ 
matology, World Meteorological Organization. 
He was president (1941-44) of the Section of 
Meteorology, American Geophysical Union, 
and was the recipient of the Outstanding 
Achievement Award for 1952 of the Associa¬ 
tion of American Geographers. His publica¬ 
tions include: The Climates of North America, 
1931, and The Climates of the Earth, 1933. 


and moisture of air and soil are altered 
as the vegetation cover of the earth is 
changed by clearing or burning and re¬ 
planting and as the hydrologic regime 
is modified by draining lakes, swamps, 
and wet soils and by irrigation. But in 
the main his twidence was only circum¬ 
stantial and thus inconclusive. 

Much emphasis has been placed on 
the variability of the elements that com¬ 
bine to make climate. Precipitation and 
temperatiire arc known to vary greatly 
from day to day, from one month to 
another, and from one year to another. 
Wind velocity, cloudiness, and evapora¬ 
tion likewise vary. Since climate is an 
integration of these many complexly 
varying elements, it is obvious that cli¬ 
mate must also vary from one year to 
another. Indeed, variation may be 
thought of as a natural element of cli¬ 
mate. 

What are the conditions that may 
cause a change in climate? Climate may 
change if there is a variation in the 
general circulation of the atmosphere, 
if there is a variation in the incoming 
radiation, or if there are changes in the 
surface features. These causal factors 
are interrelated and, when operating in 
unison, can produce large changes. 

Over the world there have been wide 
fluctuations in climate during the past 
several centuries. Superimposed on 
these fluctuations is the recognized 
long-period change in climate over the 
world since the Pleistocene periods of 
glaciation. These changes have been 
very gradual, occupying at least twenty- 
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r ‘hcvn pincticaUv non- upon climate is displayed over normal- 
r (1954) has recently iy snuiU areas where some obvious 
r)sis of u study of the change has been made on the surface, 
nuctuiition, that each The resultant changes in climate will 
\l its own be visible only in the layer of air near 
natic variation. the ground. 


five thousand y('ars, and in a tain re¬ 
gions they have hei'ii practically non¬ 
existent Mather (1954) has recently 
shown, on the basis of a study of the 
present cliinatie fluctuation, that each 
local region has d its own 

magnitude' of climatic variation. 

TJie evidence from history, botany, 
arch(*o]ogv, and geology relating to the 
last two thousand years is indicativ'e of 
climatic fluctuations such as those we 
experience today and confirms the me- 
tc'orological axiom that the more or less 
random interactions of air masses that 
d('terinine pr(\scnt climatic variations 
arc the same as thos(' of the past. Evi¬ 
dence for or against long-period cli¬ 
matic changes must necessarily be in¬ 
direct or circumstantial, and it is im¬ 
possible to identify th(' variations as 
climatic changes. 

Thus we must conclude that, by its 
own nature of constant variation, cli¬ 
mate imposes a serious limitation on 
any attempt to discover the quantita¬ 
tive effects of man’s influence upon it. 
Quite wide fluctuations in climate are 
possible as a result of fluctuations in 
the niett'orological parameters them- 
selv(\s, and these may mask almost en¬ 
tirely the influence of man’s activities 
unless long periods of time are consid¬ 
ered. 

I low might man be successful in 
elumging the climate? Only through 
manipulation and modification of the 


IIISTOKICAL REVIEW 

During the last couple of decades 
sensational and irresponsible stories 
have created the impression that 
weather control was imminent through 
rainmaking and through dissipation of 
clouds and that hurricanes could be 
broken up with atom bombs and tor¬ 
nadoes and hailstorms with dry ice. The 
impression has been given that arid and 
semiarid climates could be made hu¬ 
mid and drought periods prevented by 
artificial inducement of precipitation. 
It has also been implied that cloud- 
seeding could dissipate certain types of 
cloud which are widespread in some 
seasons and thereby increase incoming 
radiation and change the climate over 
extensive areas. 

These are only modern manifesta¬ 
tions of a type of thinking that has ex¬ 
erted a powerful influence on many of 
man’s activities during the last two cen¬ 
turies. Marsh, for example, in referring 
to the belief that vegetation and pre¬ 
cipitation are reciprocally necessary to 
each other, quotes the following (1864, 

p. 182): 


causal fac!tors. No responsible scientist 
seriously believes that man can alter 
the gt iK'ral atmospheric circulation in 
any s.gnificant way. When man pro¬ 
ducts a forest fire or a dust storm, he 
can blot out the sun and temporarily 
reduce the amount of incoming solar 
radiation. Ihc', dome of smoke that man 
has created over many of the larger 
cities is a permanent agency of climatic 
change. However, man’s greatest po¬ 
tentialities in changing the climate lie 
in changing the characteristics of the 
earth s surface over a considerable dis- 


Afric’s barren sand, 

Where nought can grow, because it raineth 
not. 

And where no rain can fall to bless the 
land. 

Because nought grows there. 

The idea that vegetation influences 
rainfall—in fact, determines its amount 
and distribution—is so firmly rooted that 
it has been the basis of action programs 
in many lands. In our country the Tim¬ 
ber Culture Act of 1873 was passed in 
the belief that, if settlers were induced 
to plant trees in the Great Plains and 
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the prairie states, rainfall would be in¬ 
creased suflBciently to eliminate the cli¬ 
matic hazards to agriculture (Thorn- 
thwaite, 1936, p. 209). This belief still 
persists among some western farmers, 
and during the great drought of the 
1930’s more than one blamed his diffi¬ 
culties on his own failure to plant trees. 

It was the same idea that activated 
President Roosevelt in his decision to 
authorize the Shelter Belt Project for 
tree-planting in the Great Plains in 1934. 
At the same time the governors of sev¬ 
eral of the plains states advocated the 
creation of thousands of ponds and res¬ 
ervoirs for the purpose of augmenting 
evaporation, which, in turn, was ex¬ 
pected to increase precipitation. 

Similar ideas have appeared in many 
forms. Aughey, writing of Nebraska in 
1880, credited the increased rainfall 
then being experienced to the spread 
of cultivation. He said (1880, pp. 44~ 
45): 

It is the great increase in absorptive 
power of the soil, wrought by cultivation, 
that has caused, and continues to cause, an 
increasing rainfall in the State. . . . After 
the soil is “broken,” a rain as it falls is ab¬ 
sorbed by the soil like a huge sponge. The 
soil gives this absorbed moisture slowly 
back to the atmosphere by evaporation. 
Thus year by year as cultivation of the soil 
is extended, more of the rain that falls is 
absorbed and retained to be given off by 
evaporation or to produce springs. This, 
of course, must give increasing moisture 
and rainfall. 

A long drought period setting in 
shortly thereafter, while Nebraska was 
still being settled, demonstrated the fal¬ 
lacy of Aughey’s hypothesis but appar¬ 
ently failed to lead to a critical exami¬ 
nation of its premises. In 1923 Clem¬ 
ents and Weaver conducted an investi¬ 
gation to determine the relative mois¬ 
ture contributions to the atmosphere 
from native grasslands and field crops. 
In 1936 Clements made use of the re¬ 
sults of the investigation to shed light 


on the sources of moisture for local 
rainfall. He says (Clements and Cha 
ney, 1936, p. 41): “The outcome dem¬ 
onstrated that there was no material 
difference in transpiration and evapora¬ 
tion from the two types of cover, and 
hence that cultivation could have had 
no favorable influence upon precipita¬ 
tion.” 

Clearly, the implication of this quo¬ 
tation is that there is a direct relation 
between an increase in atmospheric 
moisture and precipitation. There is no 
question that various types of vegeta¬ 
tion and land use do contribute vary¬ 
ing amounts of water to the atmos¬ 
phere. A great mass of experimental 
evidence demonstrates this, but there is 
no similar demonstration that the mois¬ 
ture added to the atmosphere in this 
way is reprecipitated later in the same 
area. This is a matter that is now being 
settled through a detailed study of the 
actual sources of moisture for precipita¬ 
tion (Holzman, 1937; Thornthwaite, 
1937). 

The ideas expressed by Aughey sev¬ 
enty-five years ago and by Clements 
thirty-two years ago still find support. 
For example, Schwerdtfeger and Vasino 
(1954) published a paper on the secu¬ 
lar variation of precipitation in central 
Argentina in which they pointed out 
that an increase in precipitation had oc¬ 
curred during a period when there was 
a great increase of land under cultiva¬ 
tion. They stated as an established fact 
that the increase of precipitation ac¬ 
companied and was caused by the ex¬ 
pansion of agriculture in the region. 
From this they concluded that, since 
there would be no retraction of agricul¬ 
ture, there would be no danger of a 
diminution of precipitation in the dec¬ 
ades to come. 

In Geiger's The Climate near the 
Ground there is a section of three and 
one-half pages that deals with the un¬ 
intentional effect of man on the micro¬ 
climate (1950, pp. 375-78), The only 
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^ists know Jtow. Ihe following quota¬ 
tion prcsi Tits file point of view (ihid.y 
pp. 317-LS): 

Man’s infliKMico ii])(»ii climate through 
the liumiiig and clearing of the forest, 
tlirongli tilling the soil, and through pas- 


■ o the Face of the Earth 

rcu V huge category of these operations will 
,dh C't ipp^v first of all to the arid zone. Magnifi 
, . cent enterprises will follow in the draining 

\ .oissiaii lyiarshes. ... It should not be forgotten 
\jjso\’ rt these steps toward reforming nature 

hia.i in this constitute the one and 

a the authors onlv determined stand of mankind against 
V makers in the eonditions of nature unfavorable to man, 
nnates can ho partiallvy those of climate. . . . The 

'urcessnrv to svstem:yic care which our party aud our 

, . T leadership have taken in this struggle 

onlv cliniatolo- . . ^ -ji o n a 

' . against aridity, commencing with the nrst 

llowing qiiotti- f^f inauguration of Soviet power, 

)f view (ibid., culminated during recent years in a 

series of historical decisions as to the re- 
li.uate through '■"•''"'"g of nature in the U S.S.R arid re- 
of the forest . . . Also of note [in these decisionsJ 

1 throLiifh nas- short time set for completion by 


tilling cattle^ began cVen in prehistoric communism of its innumerable majestic 
times . . . ; in jiropOTtion to man’s techrii- aetiievements. 


cal advances . . . the primitive effeet of 
man upon tlxi functioning of the earth's 
surface, and tlierehy upon climate, grad¬ 
ually increased, reaching especially great 


The main featuia^ of th(^ so-called 
‘'Stalin Plan” is the struggle against 
aridity which employs grass-covered 


portions under capitalism. At this point northern .slopes, wood strips to protect 
it is e.s.seiitial to note the criminal nature tlie fields, and irrigation through the 
of exploiting of natural wealth, especially impounding of local runoff. The full 
iiiulci capitalism, when carried us far as program is described as follows (ibid., 
despoiling of forests, developing of ruinous _ 31SV 
gullies, pnl\’eri/.ing and washing a wav of ^ 

topsoil, etc. (especially in IhS.A., where All the arid territory of this plan by 
aliont 30 per cent of the land has been cast 1965 will he covered witli a grillwork of 


to utter ruin). The effect of such radical wooded strips which in the generally pas- 
ehanges upon climate, too, is without lure-tvpe of agriculture should prevent the 
flon!)t unfavorable. washing or blowing away of soil, should 


Planned measures for the improvement 
of climate began first to he tried out on 
a small scale in the first half of the nine¬ 
teenth century. . . . However, under tlie 
existing conditions of czarist Russia or con- 
tem])f)rary capitalism embracing individual 
land ownership and an over-all lack of 
])lauu(‘d development, it was impossible to 
tak(* measures for the influencing of cli¬ 
mate on any appropriately broad scale. 
Only under socialism lias it become possi¬ 
ble to ('x<‘rt a systematic and planned in- 
fhieiue np(^n natme: draining marshes, 
lowering the level of permanent ice, ir¬ 
rigating deserts, and pl.mling forests. 

The supreme form of planned influence 
upon n.ilme and climate is a system of sei- 
tmtific procedures which the people have 
named Stalin's Plan for Reforming Nature. 


conserve the winter’s moist nro in the 
ground, should protect the fields from 
needless evaporation especially under des¬ 
ert winds, and should catch in ponds and 
reservoirs that moisture whicli will always 
rim off over the surface (nurnlier of 
planned reservoirs being 44,288) so as to 
return moisture to the soil by an irrigating 
process. 

Little can be said (^f this program ex- 
e(‘pt that it is highly speculative and is 
mainly for the future (see also the dis¬ 
cussion by Burke, pp. 1042-44 below). 
Whatever part of the program may 
have been completed by 1965, it may 
be assured that there will be onlv triv¬ 
ial changes in climate. 
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measubement of man s influence 

ON THE MICROCLIMATE 

The basic difficulty in determining 
the magnitude of man’s effect on the 
microclimate has been the lack of in¬ 
struments and observation techniques 
of sufficient precision to permit identi¬ 
fication of any climatic modification 
that has occurred in two comparable 
areas that have been treated differently 
or in a single area before and after 
some environmental change has been 
made. Marsh appreciated this difficulty 
when he wrote the following (1874, p. 
25): 

There is one branch of research which 
is of the utmost importance , . . but which 
. . . has been less successfully studied than 
almost any other problem of physical sci¬ 
ence. I refer to the proportions between 
precipitation, superficial drainage, absorp¬ 
tion, and evaporation. Precise actual meas¬ 
urements of these quantities upon even a 
single acre of ground is impossible; and in 
all cabinet experiments on the subject, the 
conditions of the surface observed are so 
different from those which occur in nature, 
that we cannot safely reason from one case 
to the other. ... In discussing the clima¬ 
tology of whole countries, or even of com¬ 
paratively small local divisions, we may 
safely say that none can tell what percent¬ 
age of the water they receive from the 
atmosphere is evaporated; what absorbed 
by the ground and conveyed off by sub¬ 
terranean conduits; what carried down to 
the sea by superficial channels; what 
drawn from the earth or the air by a given 
extent of forest, of short pasture vegeta¬ 
tion, or of tall meadow-grass; what given 
out again by surfaces so covered, or by 
bare ground of various textures and com¬ 
position, under different conditions of at¬ 
mospheric temperature, pressure, and hu¬ 
midity; or what is the amount of evapora¬ 
tion from water, ice, or snow, under the 
varying exposures to which, in actual na¬ 
ture, they are constantly subjected. 

For the last seven years my associates 
and I at the Laboratory of Climatology 
have been continuing a comprehensive 


study of microclimatology which 
tiated in the Soil Conservation Servirr 
just two decades ago. During this pe 
riod there has been a growing aware¬ 
ness of the problems of microclimatol 
ogy, and our efforts are now only a part 
of a world-wide attack against them. 
Both instruments and theory have now 
reached a point where observations can 
be made to record any changes which 
may occur in the microclimate. 

Climates owe their individual char¬ 
acteristics to the nature of the ex¬ 
changes of momentum, of heat, and of 
moisture between the earth’s surface 
and the atmosphere. Any region is a 
composite of innumerable local climates 
—the climate of the ravine, of the south¬ 
facing slope, of the hilltop, of the 
meadow, of the cornfield, of the woods, 
of the bare rocky ledge. Both the heat 
and the moisture exchange vary from 
the ravine to the hilltop and to the 
rocky ledge because of a variance in 
the physical characteristics, position, 
exposure, and aspect of these diverse 
surfaces. The color, apparent density, 
heat capacity, moisture content, and 
permeability of the soil; the character¬ 
istics of the vegetation cover; the al¬ 
bedo and roughness of the surface— 
these are all factors that influence the 
heat and moisture exchange and are 
thus important climatic factors (Thom- 
thwaite, 1954, p. 228). 

Accordingly, these are the factors on 
which man must operate and which 
must be measured to verify his success 
in producing change in the climate. Al¬ 
though it is possible to make large 
changes in certain of these factors, and 
some of them have been changed pro¬ 
foundly, the resultant climatic change 
has been small and unimportant. With 
better instruments, more precise obser¬ 
vations can be made, and they may re¬ 
veal for the first time small microcli¬ 
matic changes which may be attributed 
to man and which would not otherwise 
have been visible. 
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THE WATEB BUDGET—MA^ S MAJOR 
INFLUENCE ON ri.lMATJ' 

Any review of the ways in which man 
may inBuence the cliinutcs brings clear¬ 
ly into focus scvciiiJ important facts. 
While man's influmia^ on his environ¬ 
ment can be great, it is generally of 
limited area] extf'nt and duration and, 
in the main, does JittJe to the climate. 
The cities he builds, the lakes he cre¬ 
ates, or the swamps he drains will not 
change the climate over any more than 
a restricted area. For example, the con¬ 
struction of the Ribinsky Dam in Rus¬ 
sia produced almost no perceptible 
change in the monthly averages of air 
temperature on the .shore—scarcely a 
few tenths of a degree. The average 
wind speed doubled over the water sur¬ 
face and along the shore, but the effect 
was only local. In the United States 
there are the examples provided by 
Salton Sea and Lake Mead, two large 
lakes with surface areas of about 300 
and 175 square miles, respectively. The 
creation of these water bodies in the 
dry southwestern part of the country 
has resulted in scarcely any change in 
the climate even in the immediate vi¬ 
cinity. For instance, 2,000 feet from the 
Salton Sea shore une the moisture con¬ 
tent of the air itself is relatively unaf¬ 
fected. The use of heaters, smoke gen¬ 
erators, or intensive watering for pro¬ 
tection against frost likewise results in 
only minor local changes in climate. 
These may be important to a farmer or 
orchardist, but in the sense of perma¬ 
nence and far-reaching effect they are 
trivial. 

I pointed out at the beginning of this 
chapter that the three important causal 
factors in climate which, if influenced 
by man, would result in some climatic 
modification were solar radiation, the 
general circulation, and surface fea¬ 
tures. Any realistic appraisal of the 
ways in which man might influence the 
first two of these shows that such influ¬ 
ence must be transitory and of small 


effect. Most of the changes man can 
produce on the surface features, too, re¬ 
sult in only local or temporary climatic 
changes. There is, however, one signif¬ 
icant area—the water economy—where 
man can signiBcantly inBuence climates 
over large areas and on a more perma¬ 
nent basis. 

Almost every change in environmen¬ 
tal conditions which man can make re¬ 
sults in some change in the water econ¬ 
omy or water budget at the earth's sur¬ 
face. In the regions where precipitation 
is continuously excessive and where 
drainage is the principal modification 
which man makes in the hydrologic re¬ 
gime, there is little possibility of bring¬ 
ing about any significant change in cli¬ 
mate. Similarly, where precipitation is 
continually deficient, irrigation is man’s 
means for changing nature. However, 
water is in such short supply that only 
a small fraction of the area can be irri¬ 
gated. In the oases which result, there 
are important local microclimatic 
changes but no changes that have any 
widespread influence. 

There are, however, large areas of 
the world which have excessive precipi¬ 
tation during one season of the year 
and a lack of water during another. It 
is these areas, with their relatively 
abundant supplies of water, in which 
really significant climatic changes can 
be produced through the use of perhaps 
only a small amount of irrigation at just 
the proper time and in the correct 
amounts. These areas may have only a 
small water deficiency and yet may pro¬ 
duce crops with poor yields or no crops 
at all. However, they have potentiali¬ 
ties for future development not to be 
found in the desert areas with great 
water deficiencies or in the areas where 
drainage is necessary because of large 
water surpluses. 

Since the water budget is such an 
important area of human influence, it is 
desirable to discuss it in some detail 
and to consider how it can be used in 
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irrigation scheduling. The water tem¬ 
porarily stored in the land surface as 
ground water and soil moisture is a bal¬ 
ance between what is contributed to 
the supply through precipitation and 
what is removed from it as evapotran- 
spiration—the combined evaporation 
from the soil and transpiration from 
plants. Since rainfall and evapotran- 
spiration are due to different things, 
they are not often the same either in 
amount or in distribution through the 
year. In some places more rain falls 
month after month than the vegetation 
can use. The surplus water moves 
through the ground and over it to form 
streams and rivers and flows back to 
the sea. In others, month after month, 
precipitation is less than potential evap- 
otranspiration, there is not enough 
moisture in the soil for the vegetation 
to use, and a water deficit occurs. Re¬ 
gions with alternating wet and dry sea¬ 
sons, or with cold seasons of low water 
need, normally show (1) a period of 
full storage, when precipitation exceeds 
water need, and a water surplus accu¬ 
mulates; (2) a drying period, when 
stored soil moisture and precipitation 
are used in evapotranspiration, storage 
is steadily diminished, the actual evapo¬ 
transpiration falls below the potential, 
and a water deficiency occurs; and (3) 
a moistening season when precipitation 
again exceeds water need, and soil 
moisture is recharged (Thornthwaite 
and Hare, 1955). 

Precipitation is easily measured by 
means of rain gauges and has been re¬ 
corded in most settled areas of the 
world. It is not easy to measure evapo¬ 
transpiration, however; in fact, no 
weather service in the world yet deter¬ 
mines this important element, and the 
little we know about its areal distribu¬ 
tion has been pieced together from vari¬ 
ous scattered determinations. 

Scientists have tried various ways to 
determine the amount of water used by 
plants. Experiments which attempt to 


measure the water loss from a It. at or 
a branch detached from the plant, or 
from isolated plants in special pots, art^ 
highly artificial, and generalizations 
from such studies have sometimes been 
greatly in error. The only method that 
measures the evapotranspiration from 
a field or any other natural surface 
without disturbing the vegetation cover 
in any way is the so-called “vapor- 
transfer” method (Thornthwaite and 
Holzman, 1942). Water vapor when it 
enters the atmosphere from the ground 
or from plants is carried upward by the 
moving air in small eddies or bodies of 
air that are replaced by drier eddies 
from above. If we determine the rate at 
which the air near the ground is mixing 
with that above it and at the same time 
measure the difference in water-vapor 
content at the two levels, we can deter¬ 
mine both the rate and the amount of 
evapotranspiration. 

This method is not easy to under¬ 
stand or to use. It requires physical 
measurements of temperature, humid¬ 
ity, and wind that are more precise than 
are usually made. However, the method 
can and should be perfected, for it will 
answer many important questions for 
climatology and biology. 

There are other ways of determining 
both water use and water need. In some 
irrigated areas rainfall, irrigation water, 
and water outflow are all measured. 
The fraction of the applied water that 
does not run off is the evapotranspira¬ 
tion. In a few isolated places, mostly in 
the western United States, irrigation en¬ 
gineers have determined the evapo¬ 
transpiration from plants growing in 
sunken tanks filled to ground level with 
soil in which water tables are main¬ 
tained at different predetermined 
depths beneath the soil surface (Young 
and Blaney, 1942). 

Since 1946, increasing thought has 
been devoted to the problem of meas¬ 
uring the water use of plants under op¬ 
timum soil-moisture conditions—the po- 
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tential evapotranspiration—and an im¬ 
proved instrument to do it has been 
developed and standardized ( Thom- 
thwaite ct al., 1946; Mather, 1950). It 
consists of a large soil tank so con¬ 
structed that plants can be grown in it 
under essentially field conditions and 
can be provided with water as they 
need it. The tanks are 4 square meters 
in area and contain soil to a depth of 
approximately 70 centimeters. They 
have means for subirrigation from a 
supply tank designed so that actual 
amounts of water used can be accurate¬ 
ly measured, or they can be irrigated 
by sprinkling from above. Tliis latter 
method proves to be much more satis¬ 
factory in practice. When it rains, any 
excess water drains through the soil and 
is similarly measured. Thus, the poten¬ 
tial evapotranspiration can be deter¬ 
mined as a difference, since every other 
term in the hydrologic equation is 
measured. A number of these evapo- 
transpirometers are now in operation in 
widely scattered areas of the world. 
There is, however, a need for many ad¬ 
ditional installations if we are to under¬ 
stand the variation of evapotranspira¬ 
tion from one area to another (Mather 
[ed.], 1954 .. 

There ari three possible sources of 
t*nergy for ' aporation or evapotran¬ 
spiration: si lir radiation, heat that 
reaches the c aporating surface from 
the air, and h. it that is stored in the 
evaporating bo ! . With no external 
source of energ however, the surface 
temperature of an evaporating body 
would quickly drop to the dewpoint of 
the air, and evaporation would cease. 
Consequently, evaporation can occur as 
a continuing process only while energy 
is being received from some outside 
source. 

The sun is the original source of all 
energy that is involved in the trans¬ 
formation of water from liquid to vapor. 
Not all the energy that is received from 
the sun is used in evaporating water. 


however. Some of the incoming solar 
radiation is immediately reflected from 
the surface back to the sky. For a veg¬ 
etation-covered surface about 25 per 
cent of the incoming radiation is lost in 
this way. Also a certain percentage of 
the incoming radiation is radiated from 
the surface back to the sky, the amount 
depending upon the temperature of the 
earth’s surface and on the sky above. 

It is often between 10 and 15 per cent 
of the incoming radiation. 

After deducting the losses due to re¬ 
flection and back radiation, the remain¬ 
der, which is known as the net radia¬ 
tion, is used in heating the soil surface. 
This heat is then partitioned into three 
parts: that which heats the deeper lay¬ 
ers of the soil, that which heats the 
lower layers of the air by conduction 
and convection, and that which is uti¬ 
lized in evaporation. Recent measure¬ 
ments have shown that, when the soil 
is very moist, more than 80 per cent of 
the net radiation is used in evapora¬ 
tion. As the soil becomes dry, the evap¬ 
oration rate declines, and more of the 
net radiation is devoted to heating the 
air and the soil, with less remaining for 
evaporation. 

The potential rate of evapotranspira¬ 
tion is realized only when the area of 
the evaporating surface is adequately 
supplied with water and is large enough 
so that all the energy for evaporation 
comes from radiation and none from 
advection. Obviously, the area of a 
standard evapotranspirometer (4 square 
meters) is too small and could give re¬ 
liable values only when it is surrounded 
by an extensive buffer area identical in 
vegetation cover and soil moisture. If 
the area of the evaporating surface is 
large, the influence of the air passing 
over it becomes small, and solar radia¬ 
tion is the primary source of energy for 
evaporation. Under these circumstances 
the atmospheric humidity is unimpor¬ 
tant. If the air is moist, the tempera¬ 
ture of the evaporating surface will rise 
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to a point above the dewpoint of the 
air such that the evaporation will just 
use the energy that is available. Simi¬ 
larly, in dry air, rapid evaporation will 
lower the temperature of the evaporat¬ 
ing surface until the evaporation is in 
balance with the available energy. 

Although the various methods of de¬ 
termining evapotranspiration have many 
faults, and the determinations are scat¬ 
tered and few, we get from them an 
idea of how much water is transpired 
and evaporated under different condi¬ 
tions. Wc find that the rate of evapo¬ 
transpiration depends on five things: 
climate, soil-moisture supply, plant 
cover, soil type and texture, and land 
management. There is considerable evi¬ 
dence to show that, when the root zone 
of the soil is well supplied with water, 
the amount used by the vegetation will 
depend more on the amount of solar 
energy received by the surface and on 
the resultant temperature than on the 
kind of vegetation growing in the area. 
Soil type and texture and farming prac¬ 
tices likewise have little effect on the 
rate of evapotranspiration under high 
moisture conditions.^ The water loss un¬ 
der optimum soil-moisture conditions, 
the potential evapotranspiration, thus 
appears to be determined principally 
by climatic conditions. 

Using the most reliable measurements 
of evaporation and transpiration that 
are available, we have obtained a valid 
and practical relationship between cer¬ 
tain climatic parameters and potential 
evapotranspiration. This relationship 
permits the computation of potential 
evapotranspiration for any place from 
information on air temperature and lati¬ 
tude alone. The relationship is given 
and its use described elsewhere 
(Thornthwaite, 1948). Work is pro¬ 
ceeding toward the development of a 
new formula that is based on sound 
physical principles; in the meantime, 
the present empirical formula is being 


widely used in various water-balance 
studies. 

If we compare the monthly march of 
precipitation and potential evapotran¬ 
spiration, it is possible to obtain an in¬ 
sight into the water budget of an area 
(Fig. 113). For instance, at Seabrook, 
New Jersc^y, the potential evapotran- 



water surplus (4); water deficit (5); soil-water 
utilization ( 6 ); and soil-water recharge ( 7 ). 

spiration is negligibly small in winter, 
but in early spring it begins a rapid rise 
which reaches the high point of the 
year of more than 6 inches in July. It 
falls rapidly during the autumn months. 
The corresponding precipitation is far 
more uniformly distributed through the 
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year, being very close to 3-’ inches in 
nine of the twelve months. The rainiest 
months are July and August, each of 
which receives about Ih inches; No¬ 
vember, the driest mouth, has only 2% 
inches. 

In this example, rainfall and water 
need do not coincide. There is too 
much rain in wintc'r and too little in 
summer. Tlius, at the time of maximum 
rainfall in July and August, there is a 
water deficiency, whereas in November, 
whcai rainfall drops to the lowest value 
of the year, there is a water surplus. In 
(*arly autumn, water need falls below 
pre^cipitation. For a while the surplus 
rainfall replaces soil moisture that had 
been used up previously. From then on 
the surplus water raises ground-water 
levels and produces surface and sub¬ 
surface runoff. In spring, both transpira¬ 
tion and evaporation increase rapid¬ 
ly, and soon water need surpasses pre¬ 
cipitation. When the soil moisture is at 
field capacity, actual and potential 
f vapotranspiration are the same, and 
all precipitation in excess of the poten¬ 
tial evapotranspiration is realized as 
water surplus. When precipitation does 
not ecjual potential evapotranspiration, 
the difference is made up in part from 
soil-moisture storage; but, as the soil 
lK‘Comes drier, the part not made up is 
larger. This is the water deficit, the 
amount by which actual and potential 
evapotranspiration differ. 

both water surplus and water deficit 
can be derived from the comparison of 
the monthly precipitation with the 
monthly potential evapotranspiration. 

The water surplus occurs in winter in 
Scal)itM.l< and amounts to about 15 
inches; th«' water deficit occurs in sum¬ 
mer and amounts to about 1 inch. 
Through the' course of the year there is 
a net water surplus amounting to 14 
inches. Tlnough this system of month¬ 
ly water bookkeeping it is possible also 
to determine the water that must be 
accounted for as soil-moisture storage. 
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In Berkeley, California, in a different 
climatic zone, nearly all the rainfall 
comes in winter, and there is almost no 
rain in summer. Here the winter water 
surplus is 4 inches and the summer 
water deficit is 7 inches. 

A comparison of the water balance 
for Seabrook and Berkeley reveals some 
int€^resting facts. Both places have 
water surpluses and deficits during the 
year. The surplus at Seabrook, how¬ 
ever, is considerably greater than at 
Berkeley. In addition, the net water 
balance shows an annual surplus of 14 
inches at Seabrook and an annual defi¬ 
cit of 3 inches at Berkeley. Thus, at 
Seabrook and in other areas with simi¬ 
lar water balances, there is a large sup¬ 
ply of readily available water whieh 
may be stored in the water table be¬ 
neath the earth’s surface—a supply 
which can be used for widespread irri¬ 
gation and which will be replenished 
each year. On the other hand, at Berke¬ 
ley subsurface water taken for irriga¬ 
tion is not all replaced, and there would 
be a year-to-year lowering of the water 
table. Full irrigation of all land in such 
areas would not be possible. These two 
stations are illustrative of two different 
situations; in one area man might be 
able to produce wide.spread climatic 
changes through irrigation, but in the 
other his infliuence could be of only 
local significance. 

SOIL MOISTXJRK AND THE 
IRRIGATION SCHEDULE 

When the moisture content of the 
spil is at field capacity or above, any 
water that is added to it by precipita¬ 
tion percolates downward through it to 
the ground water table. This gravita¬ 
tional water is only detained briefly, the 
period depending on its amount and 
on the permeability of the soil. When 
the soil moisture is below field capacity, 
precipitation first brings the soil-mois¬ 
ture storage back to that level. The 
amount of water that can be stored in 
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the root zone of the soil depends on its 
depth and on the soil type and struc¬ 
ture. With shallow-rooted crops on a 
sandy soil, only 1-2 inches of water can 
be stored for free use of the plants. On 
the other hand, with deep-rooted crops 
on a fine-textured soil, 6-8 inches or 
more of water will be readily available. 

Evaporation from a moist soil imme¬ 
diately begins to lower the moisture 
content of the soil (Fig. 114). As the 
soil dries, the rate of evapotranspira- 
tion diminishes. At first, evapotran- 
spiration goes on uniformly at nearly the 
maximum rate from all soils, but, by 
the time an inch of water has been 
removed, the rates from different soils 
begin to differentiate. When one-half 
of the water is gone, the rate of evapo- 
transpiration falls to one-half of the po¬ 
tential rate, and plants begin to suffer 
from drought. With a constant rate of 
potential evapotranspiration of 0.2 inch 
per day, the half-rate would be reached 
after seven days in coarse sand but not 
until after thirty-seven days in fine-tex¬ 
tured soil. Within twenty days the soil 
moisture in coarse sand would be re¬ 
duced to a point where the evapotran¬ 
spiration is only 25 per cent of the po¬ 
tential rate. Long before this much 
water has been lost, the plants are suf¬ 
fering* severely from lack of water, and 
growth is seriously retarded. In soil 
with water-storage capacity of 11 
inches, this same degree of drought 
would be reached only after seventy- 
five days. Tables have been prepared 
which give the daily rates of soil-mois¬ 
ture depletion under varying rates of 
evapotranspiration for soils holding dif¬ 
ferent amounts of water at field capac- 
ity. 

It is clear that many of man’s activi¬ 
ties can influence in one way or another 
the soil-moisture relations. Many of 
these activities have resulted in a de¬ 
crease in the amount of water which a 
soil can hold and hence tend to make it 
even more susceptible to droughts than 


it might otherwise be. For instance, 
the cultivation of soil greatly disturbs 
the soil structure, and, when wheeled 
vehicles move over moist soil, some re¬ 
arrangement of the soil particles occurs 
which results in a compaction of th(‘ 
soil. This compaction reduces the per¬ 
meability of the soil and lowers its abil¬ 
ity to hold water. It becomes extreme¬ 
ly diflBcult for water or plant roots to 
penetrate the compacted layer. 



Fig. 114.—Actual rates of soil-moisture de¬ 
pletion from soils holding different amounts of 
water in the root zone, assuming a constant rate 
of potential evapotranspiration of 0.2 inch per 
day. 

For example, the water available to 
plants in the upper layer of a Sassafras 
silt-loam soil in a cultivated field in 
southern New Jersey has been found to 
be 2.17 inches per foot depth. The sod- 
covered soil along the border of this 
field holds 3.15 incmes of water per foot. 
Thus, the loss of water-holding capacity 
due to cultivation in this field is nearly 
an inch of water per foot of soil. 

Light sandy soils, of course, are able 
to hold less water than heavy silt or 
clay soils. To a considerable extent 
plants compensate for the lower water¬ 
holding capacity of sandy soils by 
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deeper root pcnetmtion nno inore rapid 
root development Tliiic 's similar 
compensation, however, ^\’hen the 
water-holding capacity oi a soil is re¬ 
duced by misuse. Misuse destroys the 
soil structure and reduces aw capacity, 
which inhibits root development. Thus, 
as water-holding capacity diminishes, 
aeration does also, and the root zone 
becomes shallower. 

The effects of vegetation changes— 
by grazing, burning, cropping, substi¬ 
tution of species, and clearing—on the 
amount of water which enters or is re¬ 
tained in the soil, and hence on the 
water economy of an area, are also 
noteworthy (Colman, 1953). The elimi¬ 
nation of transpiration by stopping 
plant growth will always result in mak¬ 
ing more water available for soil-mois¬ 
ture storage or for runoff. Whether the 
water enters the soil or runs off over the 
surface, producing harmful erosion, de¬ 
pends on the type of surface cover that 
remains. Uncontrolled burning of veg¬ 
etation, of course, destroys not only the 
aerial parts of the plants but also much 
of the surface organic material and, 
hence, will lead to more runoff and less 
soil storage of the increased water sup¬ 
ply. Grazing or overgrazing will result 
in two changes in the environmental 
conditions which will influence the 
microclimate. First, the removal of veg¬ 
etation by the grazing animal will re¬ 
duce transpiration and result in more 
of the precipitation being made avail¬ 
able for soil storage or runoff. Second, 
however, the compaction of the soil by 
the hoofs of the animals will reduce the 
capacity of the soil to absorb water and 
hence make it less able to store water. 
The additional water made available 
by reduct‘d transpiration will run off 
the surface and may result in erosion 
damage. 

One of the limitations of the current 
soil-conservation program is that it does 
not attempt to get at the real seat of 
the trouble. The real task is to restore 
soil structure and increase the perme¬ 


ability and water-holding capacity oi 
soil to eliminate runoff rather than to 
attempt to conduct the runoff water 
away from the field with a ininiimini of 
erosion through grassed waterways and 
terraces. 

Results obtained for a number of 
places (Figs. 1J5 and 116) and for dif¬ 
ferent years support the conclusion that 
soil moisture can be computed with all 
needed precision from climatological 
data. It is apparent from the agreement 
found between measured and com¬ 
puted values that the climatologic ap¬ 
proach will permit the accurate deter¬ 
mination of the movement of water 
through soils and the amount of stor¬ 
age in any selected layer in the soil. 
The method of computing is empirical, 
however, and it is still necessary to 
make certain assumptions in order to 
obtain the computed values. Further 
work should make it possible to refine 
the method and to base it on sound 
physical principles. 

An irrigation schedule is a natural 
outgrowth of this method of determin¬ 
ing soil moisture (Fig. 117). One can 
set up limits below which the soil 
moisture will not be allowed to fall for 
the particular crop and depth of root 
zone in question. Then, by keeping 
daily account of how much water has 
been lost from the soil, it is possible to 
know exactly when the predetermined 
level of soil-moisture depletion is 
reached and to know just how much to 
irrigate to bring the moisture level back 
to a safe value. Shallow-rooted crops 
will have to be irrigated more frequent¬ 
ly, but with smaller amounts of water, 
than will deeper-rooted pastures or 
orchards. If irrigation is scheduled by 
keeping continuous account of the soil 
moisture, no great moisture deficiency 
can develop in the soil to limit growth, 
and there will be no overirrigation to 
damage both soil and crop and to result 
in a wasteful misuse of water (Thorn- 
thwaite and Mather, 1955). 

With the solution to the problem of 
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Fig. 115.—Soil moisture in the 0-40-inch profile on Watershed Y102, Coshocton, Ohio, 1944. 
Measured values obtained by Soil Conservation Service from soil samples and by use of weighing 
lysimeter. Computed values from daily climatological data using water-budget method. 
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Fig. 116.—Soil moisture in specified layers of soil profile, College Park, Maryland, 1942. Meas 
ured values obtained by Soil Conservation Service from soil samples. Computed values from daily 
climatological data using water-budget method. 
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other neccssnry practices, such 

as cultivation, weed and pest control, 
and fertilization. In order to attain the 
high yields that are possible under irri¬ 
gation, the whole complex of farming 
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the remaining New Jersey farm Ian 
under irrigation offers a great cha; 
lenge. But I feel that there is a muci 
greater challenge for scientific irriga 
tion in southern New Jersey. There is 
an opportunity through irrigation to rc' 
claim and develop the extensive empty 
areas which are unsettled and which 
now produce nothing. 

The southern counties of New Jersey 
contain more than 2,500,000 acres of 
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Fic. 117.—Irrigation schedule for three different types of crops, Seabrook, New Jersey, 1954. 
Soil holds 3 inches of water at field capacity per foot depth of soil. Rain on May 21 brought soil 
up to field capacity, so that computations of deficiency start from 0 on that day. 


practices must be revised to harmonize 
with the condition of abundant soil 
moisture at all times that results from 
irrigation. For example, under irriga¬ 
tion it is necessary to revise fertilizer 
practice and modify row spacing. 

FUTURE DlRr:CT10N OF MAN’s INFLUENCE 
ON RURAL ENVIRONMENTS 

In 1949 the irrigated acreage in New 
Jersey stood at 28,117, less than 3 per 
cent of the land in harvested crops in 
that year. The possibility of bringing 


land, but only 400,000 acres were in 
harvested crops in 1949, and, of these, 
pnly 13,000 were irrigated. At least 
1,5(K),0(K) acres are considered non- 
arabk' waste land. The soils of this area, 
which is a part of the Atlantic coastal 
])lain, are generally sandy and incapa¬ 
ble of storing much water for use of 
crops during periods of summer 
drought. The soils dry out so complete¬ 
ly in summer that the vegetation fre¬ 
quently is ravaged by fire. This vegeta¬ 
tion is made up of stunted and fire- 
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damaged pine and oak scrub, large sec¬ 
tions of which are known as the ‘‘bar¬ 
rens” and are considered worthless. 

There is an area of poor sandy soil 
on Seabrook Farms which closely re¬ 
sembles the barrens. It is covered with 
a woodland of scattered pine and jack 
oak. Although the woodland has been 
burned over many times, it was never 
cleared and cultivated, because the soil 
was considered to be too poor for crop 
production. We have recently had some 
experience in irrigating this kind of 
land and have learned that it posseisses 
great hidden potentialities. 

All the industrial waste water from 
Seabrook Farms has been disposed of 
in this woods since 1950. It is pumped 
into irrigation lines and discharged onto 
the land surface through giant nozzles, 
each of which irrigates more than an 
acre. Through the six seasons that this 
system has been operating, the water 
applied averaged about 35 inches a 
week. The average artificial rainfall in 
the woods has been about 600 inches a 
year, and the maximum in a part of the 
woods in 1950 was 1,200 inches. These 
large quantities of water have brought 
about a great change in the vegetation. 
The open woodland has been trans¬ 
formed into a jungle of weeds and 
other plants new to the area. Further¬ 
more, the organic material in the soil 
has increased greatly. The rapidity of 
the change has been phenomenal. 

The objective of this work has been 
to dispose of large quantities of water 
economically. We have attained this 
objective fully, and at the same time 
we have stumbled upon the means 
greatly to increase the agricultural pro¬ 
duction in the state. 

A large part of southern New Jersey 
has the same sandy and droughty soils 
as the Seabrook Farms water-disposal 
area. Almost everywhere, however, 
ground water is within a few feet of 
the surface and readily available for 
irrigation. Therefore, the land is ideal¬ 


ly situated to profit from scientiti i M 
gation. Although this vast area is 
arable by ordinary standards, whru 
water is applied to it by proper irriga¬ 
tion and its mineral deficiencies ar«‘ 
rectified by correct fertilization, it ca:. 
be highly productive. If this waste area 
which now produces nothing, were re¬ 
claimed and planted to potatoes, it 
could easily produce five hundred mil¬ 
lion bushels a year—more than has ever 
yet been produced in the whole United 
States. This is only an illustration 
of the potentialities of this neglected 
region (Thornthwaite, 1953). 

This huge job of reclamation in 
southern New Jersey can be done more 
cheaply and with less risk and uncer¬ 
tainty and would be economically more 
defensible than many of the large recla¬ 
mation works of the West. It is not a 
job for the Federal Bureau of Reclama¬ 
tion, however, but for private interests. 
Since the task is expensive, most of the 
development will probably be done by 
large farming corporations. Insurance 
companies might take note of this op¬ 
portunity for profitable investment of 
large sums of money. 

What I have said of the possibilities 
of changing the climate in southern 
New Jersey by counteracting drought 
through supplemental irrigation applies 
almost equally to the entire Atlantic 
and Gulf coastal plains and the Missis¬ 
sippi Delta from I^ong Island to Louisi¬ 
ana and Arkansas. In this vast area, 
consisting of approximately 200,000,000 
acres, soil moisture becomes deficient 
during the summer, but ground water 
is abundant within a few feet of the 
surface. It is not my task to discuss the 
benefits to crop production that will 
result from scientific irrigation of humid 
lands where water can be secured eas¬ 
ily when it is needed. It is rather to 
point out that the counteracting of 
drought on a large scale is probably the 
principal way in which man can modi¬ 
fy climate. 
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Over the earths sudacc there are 
many other areas as large as our own 
coastal plain where the climate exhibits 
the defect of a large water surplus in 
one season and a large deGciency in 
another and where irrigation provides 
the means to correct this defect. 

Technical developments have great¬ 
ly improved irrigation practice. Fifty 
years ago farmers had to resort to wind¬ 
mills and coal-fired steam engines for 

E ower. Now electric motors and gaso- 
ne and diesel engines especially 
adapted to the purpose are available. 
There have been great developments 
in small pumps. Light aluminum pipe 
of greatly improved design is now 
available in large quantity, and, with 
the tremendous growth of facilities for 
the production of aluminum, it should 
become increasingly inexpensive. Mod¬ 
ern portable irrigation pipe is a great 
improvement over the “clay tile wound 
with wire and laid in concrete” that was 
being used in New Jersey as recently as 
1920. And, with the new methods of 
scheduling irrigation, it is possible to 
apply correct amounts of water at the 
right time; thus drought can be over¬ 


come fully, so that crop plants need 
never experience a deficiency of water. 

In this survey I have attempted to be 
non-technical and have avoided giving 
tables of data to illustrate man-made 
changes in climate. I have stated that 
man is incapable of making any signif¬ 
icant change in the climatic pattern on 
the earth; that the changes in micro¬ 
climate for which he is responsible are 
.so local and some so trivial that special 
instruments are often required to de¬ 
tect them. Through changes in the 
water balance which man brings about, 
sometimes deliberately and sometimes 
inadvertently, he exercises his greatest 
influence on elimate. Through destruc¬ 
tion of the natural ground cover and 
cultivation of the soil, he reduces the 
water-holding capacity of the soil and 
increases the incidence and severity of 
drought. In regions of seasonal drought, 
where there are alternating wet and 
dry periods, scientific irrigation can elim¬ 
inate drought. This is where man is 
able to remedy a defect in climate and, 
in so doing, will do more to increase 
the food supplies of the world than he 
has ever done before in any other way. 
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The Climate ef -r^.wiis 
H. f".. ! e.\:e>BEliG’’ 


ISTBODUCnON 

One oi the primary purposes of man’s 
shelter is protection against biological¬ 
ly adverse climatic influences. Even 
though most houses are compromises, 
they fulfil this purpose in first approxi¬ 
mation (Land^erg, 1954). However, 
when man's gregariousness, his need 
for common defense, and the trend to¬ 
ward division of labor bring many 
houses into close proximity, the end 
result is a modification of local climate 
—with often far from pleasant results. 

For the present discussion we shall 
(?xtend the definition of the term "town” 
to cover all large, concentrated settle¬ 
ments from several hundred dwellings 
up to cities and metropolitan areas. It 
is quite diflScult to decide, in an objec¬ 
tive fashion, at wh£ t point of population 
and building density a notable influ¬ 
ence upon climate begins. Any change 
in the natural ground cover destroys 
existing microclimates (Geiger, 1950). 
Every farm, evt house, and every 
road causes a new i microclimate. 

In many cases an ssessment of the 
change in climate settlement has 
caused is quite diffi ult. This stems 

* Dr. Landsberg is Chief of the Climatic 
Service of the United States Weather Bureau, 
Washington, D.G. He has taught In the meteor¬ 
ology departments of Pennsyh ania State Uni¬ 
versity (1934—40) and the University of Chi¬ 
cago (1941—43). He also directed military re¬ 
search work in the Research and Development 
Board (1946-51) and in the Air Force Cam¬ 
bridge Research Center (1951-53). His book. 
Physical Climatology, 1941, is now in its fifth 
printing, 1950. 


from the fact that many towns and 
cities have been built in spots in which 
the conditions governing the climate 
are quite compheated. The coastal po¬ 
sitions which make good ports, the val¬ 
leys which favor traffic and trade, and 
the heights and promontories which 
are natural fortresses often have al¬ 
ready a local climate quite distinct 
from the surroundings. City develop¬ 
ment may tend to accentuate or elimi¬ 
nate these differences caused by posi¬ 
tion and topography. Our task here 
shall be to filter out and discuss the ex¬ 
tent of climatic change which has been 
caused by settlements per se. 

PRIOR WORK 

Early students of climate were quite 
conscious of the fact that man's activi¬ 
ties were likely to cause changes of 
climate. Thomas Jefferson, who was 
much interested in this problem, recom¬ 
mended to his correspondent. Dr. Lewis 
C. Beck, of Albany, New York, in a 
letter dated at "Monticello,” July 16, 
1824, that climatic surveys "should be 
repeated once or twice in a century to 
shew the effect of clearing and culture 
towards the changes of climate.” 

The early instrumental records began 
to show differences between town and 
countryside which were commented 
upon from the earliest specific study of 
a city climate (Howard, 1833)—that of 
London—and have continued to be 
commented on up to current mono¬ 
graphs on the climate of individual 
cities. However, for a century the 
climatological studies were content to 
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point out in individual cases what dif¬ 
ferences happened to exist. With the 
growth of conscious town-planning, we 
find also an expanding literature on the 
influence of settlements and industry 
on climate. Among the authors who 
have studied the problem from a funda¬ 
mental point of view, we want to single 
out only four: Louis Besson, Wilhelm 
Schmidt, Rudolf Geiger, and Albert 
Kratzer. 

Out of his Munich doctoral disserta¬ 
tion, the Benedictine priest. Father 
Kratzer, developed a comprehensive 
survey (1937) of the existing literature 
which contains 225 specific and 25 sta¬ 
tistical references to source data. This 
is today still the most authoritative text 
on our subject matter. A further excel¬ 
lent guide is Brooks's bibliography on 
urban climates (1952), which contains 
249 abstracts and covers the literature 
between 1833 and 1952. In addition to 
works on the eflFects of towns on cli¬ 
mate and the relation of climate to 
town-planning, this bibliography in¬ 
cludes the most important climatog- 
raphies of individual localities. 

THE PROBLEM 

At first sight, it might appear simple 
to get at the differences between the 
climate of the town and that of the un¬ 
disturbed countryside. Yet, quite aside 
from the difficulty of topographic site 
peculiarities, already mentioned, it is 
not easy to obtain strictly comparable 
records from a city and from its sur¬ 
roundings. In fact, quite a few of the 
earlier studies suffer from an inade¬ 
quate evaluation of the data used in 
obtaining the results. When authors, 
with considerable indifference, com¬ 
pared data obtained from roof stations 
with others where the instruments were 
exposed on the ground, they likely 
masked the very information they 
searched for. Or, in other instances, 
comparisons of earlier with later rec¬ 
ords are not entirely satisfactory unless 


care is taken to eliminate regions . l> 
matic fluctuations. This is by no . 

an easy task, yet it is indispensable if 
tenable results are to be obtained. Be¬ 
cause observations made specificallv 
for the purpose of comparison are 
scarce, the present study is not entire!\ 
free from these objections. 

Before entering into the discussion, 
a brief review of basic causes for a 
change in climate by urbanization 
seems in order. The first is the altera¬ 
tion in surface. In the most radical case 
a dense forest will have been replaced 
by a formation of rocklike substances, 
such as stone, brick, and concrelci nat¬ 
urally moist areas, such as swamps and 
ponds, will have been drained; and the 
aerodynamic roughness will have been 
increased by obstacles of varying size. 
The second cause for climatic change 
is the heat production of towns, rang¬ 
ing from the metabolism of the mass 
of humans and animals to the heat 
liberated by furnaces in homes and 
factories, enhanced in recent years by 
the millions of internal combustion en¬ 
gines of an ever increasing number of 
motor vehicles. The third major city in¬ 
fluence upon climate, often reaching 
far beyond the confines of the settle¬ 
ment, is the change produced in the 
composition of the atmosphere. Addi¬ 
tion of inert solid matter, gases, and 
active chemicals has caused Kratzer 
(1937) to liken the effect, in part, to 
that of an active volcano. The total im¬ 
pact of these changes upon climatic 
conditions has been adverse in most 
cases. Only in a few instances can one 
assume that urbanization has decreased 
climatic stresses. In some localities the 
draining of swamps has been beneficial. 
There is also some reason to believe 
that in hot, sunny desert areas the cities 
with their narrow streets have con¬ 
tributed to the comfort of the inhabit¬ 
ants. Unfortunately, there are no quan¬ 
titative data to prove this. In most 
other urban areas of our industrialized 
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civilization the over-all climatic result 
has been an unhealthy one. 

In the following detailed analysis of 
town climate the infliience of these 
basic man-made changes upon the var¬ 
ious elements will be dealt with. Inas¬ 
much as we consider the changes basi¬ 
cally induced by air pollution as the 
most far-reaching and fundamental 
ones, the discussion will start with the 
modification induced by this compo¬ 
nent. 


AIR COMPOSITION 

The greatest climatic aberration from 
natural conditions brought about by 
urbanization is caused by changes in 


TABLE 0 * 

CONC’KNTKATIONS OF CONDENSATION NlKXKI 


AS INFM'ENCED BY 

Environment 

(Number of Aitken Nuclei 

per Cubic C'entimeter) 

'Pypp of Locality 

No. 

Average 

Extreme 


Count 

Count 

<'ities(>l()(),0()() 




population) .... 
Towns (< 100,000 

«8 

147,000 

4.000.000 

populai ion) .... 

15 

84,300 

400,000 

(’ountryside. 

25 

9,500 

830,000 


LuncldiiorK, 10.S7. 

the composition of the atmosphere. The 
term “pollution” encompasses it in one 
word. It is nothing new. The first real 
metropolitan area of the world suf¬ 
fered from it centuries ago. Evelyn 
(1661. p. 18), in his description of Lon¬ 
don < onditions, put it quite succinctly; 
“Foi in all other places the Aer 

is nv.^si Serene and Pure, it is here 
Ecclr s d with such a Cloud of Sul- 
phuie s the Sun itself, which gives 
day to dV (lie World besides, is hardly 
able to pt it'trate and impart it here; 
and the wr - ,; y Traveller at many Miles 
distance, suoner smells, than sees the 
City to whi( h he repairs.” 

Not much has changed in the nearly 
tliree centuries since this was written. 


If anything, pollution has worsened. 
Individual episodes—the Meuse Valley 
in 1930; Donora, Pennsylvania, in 1948; 
London in 1952—have been widely dis¬ 
cussed because of their disaster-like 
consequences, but they were just peaks 
in a continuous, insidious process. Pol¬ 
lution adversely aflFects plants, includ¬ 
ing valuable crops, causes untold cor¬ 
rosive damage, and is undoubtedly 
detrimental to human health. In less 
dangerous stages it causes eye and 
bronchial irritation. In its worst mani¬ 
festations it causes premature death 
among the aged who are afflicted with 
chronic pulmonary or cardiovascular 
ailments. There is even a suspicion 
that it contributes to the notable in¬ 
crease in lung cancer. 

Almost all climatic elements are 
affected by pollution—radiation, cloudi¬ 
ness, fog, visibility, and the atmospher¬ 
ic electric field. In a secondary way 
temperature, precipitation, and humid¬ 
ity also are influenced. Pollution cli¬ 
mate is certainly at present the basic 
problem of the climatology of indus¬ 
trialized modem towns. 

The concentrations of particulate 
matter contained in city air illustrate 
the situation in a gross way. A fairly 
simple measure of total suspensoids are 
the so-called condensation (or Aitken) 
“nuclei,” with diameters between about 
0.01 and 0.1 micron. A summary of 
many thousands of observations showed 
the conditions listed in Table 9. 

For the larger dust particles (about 
0.5-10 microns), which are also indica¬ 
tive of the degree of pollution, though 
likely to be more a nuisance than a 
menace, Lobner (1935) has given some 
values for the city of Leipzig. He found 
high concentrations of 25-30 particles 
per cubic centimeter in the center of 
the city and only 1-2 per cubic centi¬ 
meter near the outskirts. Schmidt 
(1952) in a later study in the same 
locality found an average of 7 particles 
per cubic centimeter in the most pol- 
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luted area. This at least fixes the order 
of magnitude. A tenfold increase in 
dust particles in town areas can be ac¬ 
cepted as the doubtful contribution of 
the community to the air. 

From publications of Berg (1947) 
and Reifferscheid (1954) we can de¬ 
duce that, whereas clean country air 
contains only about 4^10 microorgan¬ 
isms in each 10 liters, city air has ten 
times as many in the same volume. The 
relative proportion of pathogenic or¬ 
ganisms has not been determined, but 
there is no reason to assume that the 
ratio is less. 

In some cities detailed surveys on 


n87 

a trace to 3 per cent (among them be¬ 
ing AI2O3, PbO, TiOa, CraOa, 

NiO, MnOa, CaO, MgO, ZnO, CnO, 
MoOa, Sn02, and AsaOa). Oxides of 
sulfur and phosphorus are aso pres¬ 
ent. Several of these are definitely 
worse than just a nuisance! 

The topography in which the towns 
are located often causes unfavorable 
microclimatic or macroclimatic condi¬ 
tions which contribute heavily to accu¬ 
mulation of smoke and fumes in the 
lower layers of the atmosphere. Light 
winds and temperature inversions are 
usually meteorological adjuvants of the 
topographical controls. An example 


TABLE 10* 

SOMK SOUIK'KS AND QCANTlTIKS OF POLLUTANTS IN l>ON()RA, PENNSYLVANIA 
(Pounds per Day) 


Source 

Particulate 

Matter 

Sulfur 

Dioxide 

Carbuu 

Dioxide 

(.'arboti 

Monoxide 

(’h lo* 
ridea 

1- - 

Fluo¬ 

rides 

Domestic fuels. 

Trains and boats. 

Automobiles (3,000) . . 

12,600 

3,860 

12,600 

3,860 

1,400,000 i 
446,000 
70,000 

74,000 

5,370 

80,000 

696,000 

15 

4 7 

SO 

2.4 

Steel millsf. 

7,420 

200 

140 

■44' 


♦ Source: Anonymoua, I049(i. 

t Other stcel-niill pollution pro<iu< t.s: iron oxides, S.HO; total sulfur eonipounds, 1,1 S.'i; other metnl oxides, 1*5. 


solid suspensions give a similar picture. 
For example, over the industrial city of 
Pittsburgh an average of about 610 
tons of dust settle per square mile each 
year. In the summer months this 
amounts to about VA tons per square 
mile a day; in winter it is over 2%, tons 
per square mile a day (Ely, 1952). Of 
this quantity, about 5 per cent is car¬ 
bon soot. In earlier years, prior to the 
widespread introduction of domestic 
oil-burners and diesel engines and other 
"smoke control,” this component was 
closer to 25 per cent of the total. In 
this steel and smelter town the largest 
constituent of the solid-dust deposits— 
around 20 per cent—is iron oxide 
(Fe 203 ). Silica (Si02), with 16 per 
cent, is next. Other metal oxides are 
found in concentrations ranging from 


each of a microclimate and of a macro- 
climate favorable to air pollution fol¬ 
lows. 

Microclimatic setting heavily con¬ 
tributed to the October, 1948, smog 
episode in the town of Donora, Penn¬ 
sylvania (12,000 inhabitants), near 
Pittsburgh. A United States Public 
Health Service survey (Anonymous, 
1949a) disclosed that about 42 per cent 
of the population had suflFered adverse 
health effects. The twenty fatalities at¬ 
tributed to the smog in the borough 
represented six times the normal death 
rate. The pollution products added by 
various sources to the atmosphere are 
shown in Table 10. 

In Los Angeles a macroclimate of 
frequent temperature inversions cou¬ 
pled with sunshine has intensified the 
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smog menace. A special inquiry by 
Stanford Research Institute (1954) has 
shown that various combustion process¬ 
es furnish tremendous quantities of 
pollution products to the air, as shown 
in Table 11. This Stanford study indi¬ 
cated that the sunlight produces active 
oxygen—ozone (O 3 ) —and causes photo¬ 
chemical reactions in the oxides of 
nitrogen and sulfur as well as in other 
organic compounds which accumulate 


under the inversion layer. Various 
secondary reactions produce some of 
the irritating aldehydes. Table 12 gives 
the concentrations of various pollutants 
in Los Angeles as established by nu¬ 
merous analyses. 

From measurements in ten other big 
cities both in Europe and in America 
we can establish the ranges found for 
some of the most universal pollutants, 
as shown in Table 13. The thresholds of 


TABLE 11* 

roij.enoN' SouiK’Ks and Products in Los Angkj.es, ( aeikorma 


j ConHiimp- 


I*'uel r.vpe 

tioii 
(T«jn.s 
per DaiO 


20,400 

Oil. 

7,300 

(lasoline (2,l>()0,0l)0 cars). 

11,550 1 

Refuse. 

9.105 i 

( )t her. 

200 1 

i 

i 


*Sour<r«-: Stanford ReHt*nr«'li Institute, 1954. 



1 Quant it ie 

S«»me Prixliieta Result in^ 

i (Tons 


per Day) 


Aldehydes. 

.... 1 S5 

Aiiimoniuni. 

. 1 14 

Nitrogen oxides. 

403 

Sulfur oxides. 

■ 1 411 

Acids. 

... 1 157 

Organics. 

_ 1,5.34 


TABLE 12* 


Air Pollutants in Los Angeles, California 


(iases 

Partfl per 
Million 
of Air 

.Aero.solH 

Milligram.*) 
per Cubic* 
Meter 
of Air 

('arhon monoxide. 

.\(Tolein. 

0-25 

Trace 

0 ,S-1.1 

0.09-0 3 
(E3 

0-0 8 

0 2-0 4 

0 10 4 

Aluminum compounds. 

Calcium compounds . . 

0.018 

0.007 

0.132 

0.010 

0.042 

0.120 

0.020 

0 05-0.2 

Lower aldehydes . 

Forinahlehvde . 

Hydroearlions . 

Carbon. 

Iron compounds. 

l.«ad compounds. 

Ether .solubles . 

Ndrsraeid . 

Silica. 

Suii’ur <lioxide. . 

j 

Sulfuric acid. 


Stanford Hesenreh Institute. 1954. 


TABLE 13 


Range of Coni kntrations ok Pt)ij.uTANTs in c:ity Air 



Parts per 
Million 

.Aerosols 

Milligram.s 
per Cubic 
Meter 

Carbon nt n 

10-30 (100)* 
50-400 

0.1-2 (3)* 

1-6 (25)* 

Sulfuric acid . 

0.1-7 (3)* 
1-4 (5)* 

Carbon dio o.de 

Hydrochloric acid 

Sulfur dioM-le 


Nitrogen o sides . 


♦ Tlire*liuld of daiiKeroua conrentration. 
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dangerous concentrations, accepted in 
industrial establishments, are added in 
parentheses. This table indicates that 
some of the observed values either 
come close to or occasionally exceed 
the safe thresholds. For sensitive and 
old persons the thresholds may lie 
lower. 

A series of comparative analyses for 
sulfur dioxide by the Air Hygiene 
Foundation (1937—38) showed that, in 
seven eastern United States cities, their 
centers invariably had higher concen¬ 
trations than the countrysides 25 miles 
away. In the towns with least pollution 
the ratio was 3:1; in the worst setting it 
was 10:1. The average of all measure¬ 
ments yielded a ratio of about 5:1. 

At the doorstep of an era energized 
by nuclear fuels we can just barely 
guess what the future may have in 
store. If coal and hydrocarbons vanish 
as fuels, many of the above-described 
ill-smelling and irritating substances 
may disappear as admixtures of city 
air. However, they may be replaced by 
radioactive gases, fumes, and particu¬ 
lates. At present we have but a rather 
vague idea of what might be tolerable 
for some of the compounds which are 
likely to show up in our atmosphere as 
effluents from atomic reactors. They are 
listed in Table 14. 

After this review of changes in the 
composition of the air produced by in¬ 
dustrial urbanization, we shall attempt 
to answer the question of how these 
changes aflFect the climatic elements. 
Several of the latter—radiation inten¬ 
sity, visual range, atmospheric electric 
properties—are modified to a consider¬ 
able degree by atmospheric pollution. 

Atmospheric Radiation 

Various measurements of the reduc¬ 
tion in total radiation received at the 
surface in a number of cities as com¬ 
pared to the countryside are in substan¬ 


tial agreement. For the total 
radiation the reduction averages :iM 
15-20 per cent. This quantity of vnergy 
is partly absorbed and partly reflected 
and scattered by the dust haze above 
the city. Actually, most of the radiatioi 
is lost in a relatively shallow layer. 

TABLE 14 * 

Maximum Pkkmis.siblk Conc kn- 

TRATIONS OF RADIOACTIVK 

Efkluknts for « 4 -HorR ("on- 

TINlJOrS EXPOSl RK 

M uTt>curi<* 



prr Ciibi 

:irnipiit 

('I'nt inu*t 

Ar^'. 

. !()-« 

|irn 

. 10 « 


. 10 

. 

. 

. 10" 

. 

V 


♦ Sour ft-: \\«>ltuaii, lO.'Jii. 


TABLE 15 * 

I*i:iu;k.\tagk Loss of Solar Radiation in 
City Am Comparfd to Country.side Air 



Lauscher and Steinhauser (1932) re¬ 
ported on some measurements in Vien¬ 
na which were taken in midsummer 
simultaneously at the surface and 236 
feet higher on the tower of St. Stephen's 
Cathedral. This layer of city air re¬ 
duced the radiation received at the sur¬ 
face by 5.7 per cent. A combination of 
data obtained by Steinhauser (1934) 
for three cities—Vienna, Leipzig, and 
Frankfurt—as a function of season and 
solar altitude is shown in Table 15. 

As regards change in spectral distri¬ 
bution, there is some question about 
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the influence of city air. Biittner (1929) 
found in Berlin and Potsdam, Ger¬ 
many, that all wave lengths are equally 
weakened proportional to the total re¬ 
duction in intensity. In contrast to this, 
Maurain (1947) reported for Paris the 
relative spectral distribution shown in 
Table 16. This table indicates an almost 
complete elimination of the ultraviolet 
radiation in that city. 

An air-pollution survey made by the 
Department of Scientific and Industrial 
Research (1945) in the city of Leices¬ 
ter, England (population 260,000), 

TABLE 16* 

Partition of Enkrgv in Solar Radiation 
IN AND NEAR PARIS, FRANCE 
(Percentage of Total Intensity) 

IMtra- Extreme , Infra- 

Violet r,,l 

Paris center... 0.8 i. .5 48 54 

()ut.skirt.s 3 0 ,5 0 40 5-2 

♦Source; Maurain, 1947. 

showed a reduction of ultraviolet radia¬ 
tion around 3,000 angstroms of about 
30 per cent in winter and 6 per cent in 
summer. 

The great scattering of incoming ra¬ 
diation by the smoke pall is also indi¬ 
cated by observations of sky blue. In 
cities the data show much paler shades 
than those for the country. Lettau 
(19‘V1) related for Konigsberg (Kali- 
iiingi-;u ^ a difference of three scale divi¬ 
sions oii the Linke-Ostwald blue scale. 
Illuvuyh'ifum likewise is less in the city. 
Amoi ^ worst examples are Lenin¬ 
grad i! • J .ondon, where mean reduc¬ 
tions oi ). and 40 per cent, respective¬ 
ly, have b'a n found (Galanin, 1939; 
&atzer, lar l 

Visual Range 

Most obvi) us in all climatological 
records is the conspicuous decrease of 


visual range in cities and towns. As 
cities and industrialization grew, so did 
the number of days with fog. 

In the first monograph devoted to 
the climate of a city, Howard (1833, II, 
357) probably introduced the term 
“city fog.” He relates a number of 
cases which, because both of the his¬ 
torical interest and of the acuteness of 
the observations, shall be quoted in 
full. He describes the fog of January 
10, 1812, in the following words: 

London was this day involved, for sev¬ 
eral hours, in palpable darkness. The 
shops, offices, &c. were necessarily lighted 
up; but the streets not being lighted as at 
night, it required no small care in the pas¬ 
senger to find his way, and avoid acci¬ 
dents. The sky, where any light pervaded 
it, showed the aspect of bronze. Such is, 
occasionally, the effect of the accumula¬ 
tion of smoko between two opposite gentle 
currents, or by means of a misty calm. I 
am informed that the fuliginous cloud was 
visible, in this instance, for a distance of 
forty miles. Were it not for the extreme 
mobility of our atmosphere, this volcano 
of a thousand mouths would, in winter be 
scarcely habitable [ihfci., pp. 162-63]. 

In the next observations Howard 
notes the limited extent of the city fog 
in a paragraph referring to January 16, 
1826: 

At one o'clock yesterday afternoon the 
fog in the city was as dense as we ever rec¬ 
ollect to have known it. Lamps and can¬ 
dles were lighted in all shops and offices, 
and the carriages in the streets dared not 
exceed a foot pace. At the same time, five 
miles from town the atmosphere was clear 
and unclouded with a brilliant sun [ibid.. 
Ill, 207]. 

In another place, in quoting a con¬ 
temporary newspaper on the fog of No¬ 
vember 12, 1828, he indicates that ad¬ 
verse health effects were recognized 
even then: 

The fog of Wednesday has seldom been 
exceeded in opacity in die metropolis and 
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its neighborhood. It began to thicken very 
much about half past twelve o’clock, from 
which time, till near two, the effect was 
most distressir^, making the eyes smart, 
and almost suffocating those who were in 
the street, particularly asthmatic persons 
[ibid., p. 303]. 

Four generations later the situation 
in London had become, if anything, 
even more aggravated. The episode of 
December 5-9, 1952, as discussed at a 
meeting of the Royal Meteorological 
Society (1954), eloquently documents 
this. In central London the “smog” 
lasted for 114 hours. It was extremely 
dense for 48 hours, with visibility at 
times less than 30 feet. Particulate mat¬ 
ter was measured to reach temporarily 


of them the number of days u'ifM 
doubled in the half-century prior to tin 
depression of the early 1930’s. Paris 
offers a typical example on the decrease 
of visual range in the morning hours, 
and Table 17 shows the steady de 
crease in the number of days when 
visual range exceeded 4 miles. The sub¬ 
sequent standstill of many factories 

TABLE 17 

Avkrage Number of Days with 
Visual Range of 4 Miles 
IN Center of Paris 

Deradp No. of Days 

1901-10. 95 

1911 20. 82 

1921-30. 60 


TABLE IH* 

Probabilities of Low Visibilities in Paris and Environs 
(0900 Data—in Number of Cases per 1,000) 


VmiHiLiTY Range Type 

Octoukk-March 

j Apiiil-Septemiiek 

City 

Suburbs 

('ountry 

1 City 

Suburbs 

Country 

(i-1 mile). 

350 

219 

60 

49 

49 

6 

Moderate fog (300 feel J mile). 

49 

43 

28 

3 

3 

2 

Dense fog (<300 feet). 

8 

14 

5 

0 

1 

0 


♦Source: Be«.*iori, 19.^1. 


values of 4.5 milligrams per cubic 
meter. This is ten times the value ob¬ 
served in the same locality in Decem¬ 
ber when no fog is present. Sulfur di¬ 
oxide reached seven times its normal 
value, and, under the meteorological 
conditions prevalent at the time, accu¬ 
mulation exceeded dissipation by 70 
tons of sulfur dioxide per day. Deaths 
jumped from 250 to 900 per day. A 
total of 4,000 fatalities was attributed 
to this fog. 

London, while perhaps afflicted with 
the most notorious city fogs, does not 
stand alone. Almost all million-inhab¬ 
itant cities in latitudes requiring heat¬ 
ing experience the condition. In many 


caused a temporary improvement. In 
the last decade the values have tee¬ 
tered. Enforcement of antismoke ordi¬ 
nances and use of control equipment 
and fuels producing less pollutants 
have helped in many localities to check 
the rise. 

Paris also offers a good example of 
the difference between the city and the 
country in the number of cases of low 
visual ranges. The figures shown in 
Table 18 were compiled by Besson 
(1931). This characterizes especially 
the light and moderate fogs as typical 
phenomena of the densely populated 
metropolis. 

A rather interesting case can be re- 















lated from observations near Detroit. 

YtonrXy visVbftity observations were 
made there both at the Municipal Air¬ 
port, which is located 6 miles northeast 
of the center of town at an elevation of 
619 feet, and at the Wayne County Air¬ 
port 17 miles southwest of the center, 
elevation 632 feet. The typical city 
smogs generally develop when winds 
are weak, 5 miles per hour or less. Un¬ 
der those conditions low visibilities of 
less than a mile were reported on an 
average of 149 hours per year at the 
Municipal Airj)ort. The County Airport 
had only 89 such hours. At the Munic- 



Fic. 118.—Annual variation of visual rango 
less tlian a mile at two neighboring airports in 
Detroit, Michigan, one being under city influ¬ 
ence (simultaneous wind speeds less than 5 
miles per hour). 

ipal Airport the cause of the low visi¬ 
bility was attributed to smoke on 49 
obs(*rvatioiis annually, but at the 
County Airport only 5 hours, on an 
av^! ;'Tf» were caused by this element. 

118 shows the annual variation 
of b. ( ( fog and smoke at the two air¬ 
port ' V inter is the main season when 
pollie affects visual range. The 
preva < of pure radiation fogs at the 
Count'. irport from July through Oc¬ 
tober i dso notable. The difference 
shown ! ( ween the two airports can 
be tak('n as rather typical for the city- 
countrysuh' contrast of fog types in our 
latitudes. 


Atmospheric Electricity 

Some of the more subtle effects of 
pollution on the atmosphere escape our 
senses. Among these are changes pro¬ 
duced in the atmospheric electrical 
properties. In pure air there is always 
a substantial number of small ions of 
both signs present, usually around sev¬ 
eral hundred per cubic centimeter. 
They have high mobility and cause a 
fairly high conductivity. In the city 
small ions have a very short lifetime. 
As soon as generated, they attach them¬ 
selves to aerosol particles and become 
large ions. Thus we find that the num¬ 
ber of small ions per unit volume in 
cities is usually 50-75 per cent less than 
in the countryside. On the other hand, 
the large ions are higher by a factor 
of ten or more in the polluted areas. 
This reduces the conductivity, and 
hence there is a marked increase in 
potential gradient (sec, e.g., H. Kuhn, 
1933; U. Kuhn, 1954; Maurain, 1947; 
Muhlei.sen, 1953). To give an order of 
magnitude, typical winter values of po¬ 
tential gradients in the city are around 
200 volts per meter in winter and 100 
volts per meter in summer. The corre¬ 
sponding rural values are, respectively, 
about 70 and 40 volts per meter. The 
pollution cycles, both diurnal and an¬ 
nual, are fully reflected in the measure¬ 
ments of the electric field. Tlie Sunday 
lull in industrial activity and vehicular 
traffic*, compared with other days of the 
week, shows in a definite minimum in 
the potential gradient. 

It is not known whether or not the 
atmospheric electric conditions exert 
an influemee upon human beings, but 
hvpotheses claiming such bioclimatic 
effects have been advanced from time 
to time. 

TOTAL PRECIPITATION 

The question of influence of towns 
on precipitation seems, upon analysis, 
to be quite intimately related to the 
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problem of air pollution, although other 
parameters enter into the very complex 
phenomena encountered here. Precipi¬ 
tation is a very fickle element, and the 
degrees of variation, as well as differ¬ 
ences between stations, often are hard 
to establish. This is partly caused by 
the relatively poor sampling inherent 
in the usual rain-gauge measurements. 
Nevertheless, one can state that there 
has been an increase in rainfall over 
metropolitan areas compared to less 
densely populated and industrialized 
areas. This is stated with the reserva¬ 
tion that there is hardly any case of 
really undisturbed natural surface, with 
its original forest or plant cover, within 
distance of a city that would make a 
valid comparison possible. 

Schmauss (1927), in the case of the 
city of Munich, was one of the first to 
discover a dcjfinite surplus in the num¬ 
ber of days with small amounts of pre¬ 
cipitation in the city compared to out¬ 
lying stations. He found that the mean 
annual number of days with precipita¬ 
tion of 0.004-0.2 inch was 144 in the 
city and only 130 in the country. This 
is an increase of 11 per cent. The city 
of Munich also showed a very definite 
surplus of heavy showers of between 
0.8 and 1.6 inches. The eastern sector 
of the city was more affected than the 
western portion, in accordance with the 
prevailing westerly winds. The fre¬ 
quency of hail and thunderstorms 
showed a similar increase. Analogous 
findings were reported by Berkes 
(1947) for Budapest, with greater 
thunderstorm activity over Pest being 
attributed to city influence. Kratzer 
(1937) gave for Niirnberg, Germany, 
an average of 32.3 days per year with 
thunderstorms over the city against 
only 27.8 days per year for the air¬ 
port, a difference of 14 per cent. 

For total rainfall amounts an early 
report by Bogolepow (1928) compares 
seventeen-year simultaneous records at 


the city station of Moscow, a , 
near-by country station. He repi ai 
nual mean values of 23.95 and 21,22 
inches, respectively, a difference of iO 
per cent. There was some scoffing al 
these earlier data. They were variously 
interpreted as resulting from doubtful 
observations or microclimatic differ 
cnees. The influence of air pollution on 
precipitation, however, seemed to be¬ 
come more substantiated by the analy¬ 
sis of rainfall data for the industrial 
town of Rochdale, England, presented 
by Ashworth (1929). In three decades 
a monotonous increase in rainfall was 
noted, as shown in Table 19. Nothing 

TAHl.E 10* 

RAIM'AIX Avkragks fok 
H()(’IN)Al.K, EN(iLAN1) 

Mean Aiiniiul 
Vahif 

I><‘ru<lc (Incljow) 

1808 1007. 42.81 

1008 17 . 45.8.S 

1018 27 . 48.05 

rtli, 

like it was observed in the non-indus¬ 
trial neighborhood. 

Table 19 shows a total increase of 
5.84 inches, or 13 per cent. Particularly 
noteworthy is the fact that there was a 
marked difference between the mean 
rainfall observed on weekdays in con¬ 
trast to Sundays during the thirty-year 
period. The difference of the mean 
gave 0.37 inch less for Sundays, a value 
of three times the probable error. No 
difference of this magnitude was found 
at less industrialized towns near by. 

Wiegel (1938) adduced further evi¬ 
dence for the effect of industrial activ¬ 
ity on precipitation. He studied the 
conditions in the Rhenish-Westphalian 
area. This includes the famous Ruin- 
region, one of the most industrialized 
spots on the earth. He used a thirty- 
five-year record, from 1891 to 1925. In 
undisturbed areas the mean annual 
rainfall averaged 30 inches; in the in- 
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diistrial zones it was 1.5 inches per year 
more, an excess of 5 per cent. He also 
noted a marked increase in tiie num¬ 
ber of days with small amounts of pre¬ 
cipitation (0.004-0.2 inch) in the in¬ 
dustrial areas. The total annual number 
of days with precipitation there rose by 
20-S0 days over the value of 170 days 
per year in the non-polluted portions, 
an increase of 13-18 per cent. 

We have searched the files of United 
States climatological records to find 

TABLE ao 

DKCADAI. Popi LATION CENSUS 
FlOiaiES FOR Tuesa, Oklaiuhvia 

Year Population 

1890. 

1900. 1,390 

1910. 18,182 

1920. 72,07.5 

1930. 141,258 

1940. 142,157 

19.50. 182,740 


The precipitation values observed in 
Tulsa were correlated with records 
maintained at other localities in the 
region—Claremore, Cleveland, Bacone, 
and Broken Arrow, Oklahoma—and, for 
the earlier parts of the record, with 
Fort Gibson, Oklahoma, and Fort 
Smith, Arkansas. In the last two dec¬ 
ades data from the Tulsa airport were 
also available. From the correlations 
there was obtained an “estimated” 
value, based on the general regional 
variation, and assumed to represent 
Tulsa minus the town effect. In Table 
21 the observed and these estimated 
values are compared for six decades. 
The increase of the observed over the 
estimated values is quite notable. There 
would seem to have been a slight dip 
in the depression decade 1931-40. 

For the fourteen-year period 1939- 
52 we can also carry out a comparison 
between values observed in town and 


TABLE 21 


Mean Anm al Precipitation Orserved for Tulsa and Estimated City Influenc e 





Dkcade 




1891-1900 

1901-10 

1911-ieo 

1921 so 

19S1-40 

1941-50 

Ohs<>rve<l inches. 

84 98 

86 75 

37 91 

42.10 

38.15 

42 91 

Estimated inches. 

85 

86 

84 

39 i 

36 

40 

Percentage of excess . . 

(1 

2 

10 5 

7.2 j 

4.8 

6.8 


additioTiiil material which might throw 
fuithrr light on the problem. One of 
the objectives was to obtain data for a 
localil\ where topography would inject 
a mini ru] 10 of complications. Another 
was (•; loc ate a town which es.sentially 
was a out source of pollution rather 
than to ' oases of vast industrialized 
regions ' ' metropolitan area.s, which 
complieatf t]io analysis. The best exam¬ 
ple we co.!i!d find was Tulsa, Oklaho¬ 
ma, a town V, Inch has grown explosive¬ 
ly, developing from an Indian trading 
post into an industrial city in a few 
decades (Table 20). 


at the airport, 6 miles to the northeast. 
This comparison was carried out for in¬ 
dividual monthly values and later com¬ 
bined for the warmer and colder halves 
of the year and for yearly totals (Table 
22). Aside from the general increase in 
the city amounts, already noted in the 
preceding trend analysis, this table 
shows a fairly marked differentiation 
between warm and cold seasons. In the 
warm season, most precipitation is like¬ 
ly to be in shower form and hence 
more irregular. We may also deal with 
rain from warm cumulus clouds, upon 
which pollution products may have less 
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influence. In the cold season, frontal amount of precipitation which 
rains (and supercooled clouds) are the form of snow. Kassner (19. 
more frequent, and hence nucleating ported such a situation, for ex:;!, . 
properties of pollution products might for Berlin. He found over periods ot 
become more effective. It may be well years that, when it snowed in the coiui 
to insert here that cloud nucleation is try, the city had snow in only 72 p( 
not the only hypothesis which can ex- cent of the cases; in 14 per cent of t\i( 
plain the incr(*ase in rainfall. In the cases the city snow was mixed with 
first place, many combustion processes rain; and in 7 per cent only rain was 
add water vapor to the atmosphere, so observed in the city. (In the remaining 
there may be more precipitable Wciter 7 per cent no simultaneous precipita- 
available over urban areas in spite of tion was reported for the city.) Mau- 
the surroundings. Furthermore, the rain (1947) indicated the same for 
added impetus to turbulence over the Paris, where snow, however, is rather 
city, because of temperature convec- infrequent. That city had snowfall, on 


TABLK 

(’OMPAHISON OF PUKt IPlTATION FOR Tia.vSA: Cl'l'A' VERST S AIRPORT STATIONS 



April- 

October- 

5’car 


.September 

M arch 

Average precipitation in city (inches). 

27.7S 

13 95 

41 OR 

Difference between city and airport (inches). 

1 27 

I 57 

3.20 

Percentage excess in citv. 

4 7 

11 5 

7 7 

No. (»f months in which city had higlier 
amounts. 

,55 ((>«)♦ 

01 (73)* 

1 10 (09)* 

No, of rnonth.s in which airport had higlier 
amounts. 

2*) (34) ♦ 

23 (27)* 

52 (31)* 


* PfrcfiitaKt* of cni^es in pnrfiithcscs. 


tion and increased roughness, might an average, a little over 10 days per 
explain equally well the greater year, while the near-by country had 14. 
amounts of precipitation. In the writers The pollution influence on snowfall 
opinion, nucleation and turbulence was suspected first by Kratzer (1937) 
each contribute to the increases but for Munich. From his own visual ob- 
under different synoptic situations, servations on several trips from the out- 
Later paragraphs will bring out further skirts to the center of the city, he re¬ 
facts in support of this position. ported that there was slight snowfall 

, from the fog, or stratus, over the city 

bnowfaU none in the surroundings. This was 

Precipitation in the form of snow de- in the days when only a few meteorolo- 
serves some special attention in a dis- gists were paying any attention to 
cussion of the special properties of cloud nucleation problems, 
urban climates. It is often a rather sen- A particularly convincing case of this 
sitive indicator of climatic differences type has been placed on record by 
and changes. The frequency of snow- Kienle (1952). This one occurred over 
fall is, of course, influenced by varia- the heavily industrialized cities of 
tions in air temperature. These temper- Mannheim and Ludwigshafen, Ger- 
atures, as we shall see later, are gen- many, on January 28 and 30, 1949. 
erally higher in towns than in their sur- Snowfall was entirely restricted to th<^ 
roundings. This decreases the relative city area. A ground fog and low stratus 
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1,500 feet thick were settled over the 
towns; surface air temperature was 
25° F., and calm prevailed. Above the 
stratus was a sharp temperature inver¬ 
sion^ with temperatures above freezing, 
and completely clear sky. On the two 
mentioned days, for about 4 hours each, 
light snow fell out of the fog. In the 
first instance it left about inch of 
snow on the ground. It is very probable 
that under tiie prevalent synoptic con¬ 
ditions the effect was caused essential¬ 
ly by nucleation of a supercooled local 
fog. 

TEMPERATURE 


Sweden, and the surrounding country¬ 
side. The underlying causes for the tem¬ 
perature differences are changes in ra¬ 
diative processes, absorption, conver¬ 
sion of latent heat, convection, and tur¬ 
bulence. In most instances none of 
these primary elements is being rou¬ 
tinely measured. Some of them enter 
into the picture essentially as constants 
of the locality. All of them can be ap¬ 
proximately expressed, for the purpose 
on hand, as functions of the usually ob¬ 
served meteorological elements. Sund- 
borg arrives at an empirical equation 
of the following form: 


Although a considerable voluiru' of 
data and discussions has accumulated 
in the literature, the essence of the 
effect of cities on temperature was set 
forth clearly by Howard (1883, I, 236- 
37) in his classic text, The Climate of 
London . . . ; 

The Mean Ternpevature of the Climate, 
uiuler these circumstances, is strictly about 
4 >.50° Fahr.: but in the denser parts of 
th(' metropolis, the heat is raised, by the 
cfF('ct of the population and fires, to 
50.50°; and it must be proportionately af¬ 
fected in the suburban parts. The excess 
o{ the temperature of the city varies 
through the year, being least in spring, and 
grtMtest in winter; and it belongs, in strict¬ 
ness, to the nights; which average three 
degrt's and seven-tenths warmer than in 
tlu' cou'itry; while the heat of the day, 
ouinc ^^'ithout doubt to the interception 
of a |>t iiion of the solar rays by a veil of 
smokr ' lls, on a mean of years, about a 
third i degree short of that in the open 
]dain.' 

Onk u the last few years has there 
been a ; attemjit to underbuild the ob¬ 
served he. ts by a theory. This was done 
by Sundborg (1951) on the basis of 
observations of the temperature differ¬ 
ences bt'Svccn the town of Uppsala, 

1. It is C dent from the text that the same 
statement v as included in the first edition of 
Howards 1-)ok, in 1818, which was not av'ail- 
ahle to the \vritf*r. 


Af — -h 1 -f- b4C , 

where AI is temperature difference be¬ 
tween city and country in degrees cen¬ 
tigrade; n is cloudiness in 1/10 sky 
cover; V is wind velocity in meters per 
second; T is temperature in degrees 
centigrade; e is vapor pressure in milli¬ 
meters; and a, to are constants. 

Sundborg determined the constants 
by regression for the Uppsala condi¬ 
tions. It is instructive to show his re¬ 
sults, which are encompassed in two 
equations, one representing the day¬ 
time, the other the nighttime, condi¬ 
tions. 

Day: At = 1.4° - 0.01;/ - 0.09 V - 

O.Oir ~ 0.04^ , 

Night: At = 2.8° - 0.1 0« - 0.38 F - 

0.02r- 0.03 e . 

Particularly noteworthy is the increase 
in influence of the cloud and wind fac¬ 
tors at night; the former is ten times, 
the latter four times, larger than dur¬ 
ing the day. The value of a includes 
essentially all the static city influences, 
such as self-screening of built-up areas, 
albedo, and heat conductivity. These 
formulas show quite clearly that the 
vapor pressure and the level of tem¬ 
perature are quite small and that in 
daytime only the wind parameter has 
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some modifying effect over and above 
the basic “city factor*' a. At night both 
wind and cloudiness have an influence 
which far outweighs all other factors. 
The nighttime formula can therefore be; 
reduced to these two modifiers. For 
Uppsala this results in the following: 

a - bn 4.0- 0.28;/ 



Similar formulas can, of course, be de¬ 
veloped for other cities. Sundborg 
points out that the “city factor” changes 
radically, and the contrasts sharpen, 
when the country is snow-covered while 
tlie city has no snow. This is a not un¬ 
common event. 

fl’he observational material on city 
temperatures is extensive. We restrict 
ourselves here? to presenting a few sa¬ 
lient facts. The excess of mean annual 
temperature of city over country, by 
size of cities, is shown in Table 23. 

There is considerable variation from 
place to place in the annual march of 
the city-country difference. In Paris, for 
e^xample, the minimum occurs in June 
(1.2° F.) and the maximum in Septem¬ 
ber (2.2° F.). In contrast, Tulsa, Okla¬ 
homa, has the maximum excess in au¬ 
tumn (1.3° F.) and the minimum in 
spring (0.7° F.). 

As has already been pointed out, the 
diurnal variation of the difference in 
temperature is j^articularly pronounced. 
Minima are usually a great deal lower 
in the country than in the city. Some¬ 
times, on clear calm days a few hours 
after sunset, temperature differences of 
10 degrees between the two are not un¬ 
usual. The heat retained by masses of 
buildings and pavements, in part radi¬ 
ating toward each other rather than to¬ 
ward the sky, is only slowly dissipated. 
In comparison, grass, in the open, with 
small heat capacity and poor heat con¬ 
ductivity from below, will cool rapid¬ 
ly. A rather striking example of this 
type, with a 20-degree temperature 
difference between the business dis¬ 


trict of San Francisco and the 
parkland, was recently provid. 
Duckworth and Sandberg (1954). i .; 
lire 119 shows one of the cases ^ > 
sented by these authors. They ai 
showed for several California cities, t; 
means of low-level soundings, to whut 
lieight the city thermal effect extendi d 
in the evening. It is generally of lh(‘ 
order of only a few hundred feet. 

In Duckworth and Sandberg's study, 
as well as in numerous others, which 
yielded isothermal patterns for whole 
city areas, one is confronted with very 
complex phenomena. Many of the ob- 


TAltl.K 

Avkhaoi: Excess of Mf.an Anm af 'Ffm- 
I'laivu Hi:s: (’iT\ VKKsrs ('oi NTin 


\o. <.f 


Averagr 

Citifs 

Sizf‘ of ( ily 

1 fiuperiil urt* 



Kx«‘f»N (" F.) 

10 . 

1.000,000 

1 3 

10 . 

.500.000- 1 ,000,000 

1 , 1 

10 . 
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servi'd contrasts would probably occur 
e\'en if no city were present. They are 
simply microclimatic results of topog¬ 
raphy and position. These may become 
accentuated or diminished, as the case 
may be, by the city development. It is 
often quite difficult to ascertain the city 
('fleet per se. 

We have searched for some data 
which are relatively free from such 
ineso- and microclimatic differences. 
For the diurnal variation of tempera¬ 
ture in and near a moderate-sized city 
on a clear day. Figure 120 presents a 
typical set of thermograph records for 
a clear day with light winds at Rich¬ 
mond, Virginia (population 230,000). 
The observations, both from ground ex¬ 
posures, were taken at the Weather Bu¬ 
reau offices in the city park and at the 
airport. The figure shows three main 
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features of comparison: the lower night 
temperatures at the outlying station fol- 
lowed by a rapid rise in the morning; 
the nearly identical values during the 
midday period; and the rapid, almost 
exponential, drop of temperature after 
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the maxima down. Others believe that 
the highest temperature level in cities 
is located at the upper surface (name¬ 
ly, the roof level), analogous to the con¬ 
dition in forests, where the highest val¬ 
ues are often noted at tree-crown level. 



Fig. 119.—City temperatures of San Francisco (temperature contrasts at 2-meler level, obser¬ 
vations at 2320 PST, April 4, 1952). (After Duckworth and Sandberg, 1954.) 


sunset at the airport, compared to the 
rather gradual and more sinusoidal 
change at the city station. 

The effect of a medium-sized town 
on extreme temperatures is shown for 
Lincoln, Nebraska (population 100,- 
000), in Figure 121. City and airport 
observations are about as free from 
complicating terrain factors as can be 
found. The data for a year, for the 
warm and cold seasons, are presented 
as frequency diagrams. These diagrams 
show that the minima throughout the 
yea' are for the vast majority of cases 
low. : at the airport and that during the 
cold half of the year there are often 
quite siil>stantial diflFerences. For the 
maxima the; situation is quite different. 
In the e(>id season the values cluster 
very closi ly around zero deviation. In 
the warm season, however, there is a 
very definite preponderance of higher 
maxima at the airport. Some investi¬ 
gators have suggested that the in¬ 
creased convection over the city keeps 



HOURS 

Weather Bureau 

Airport Station 


-- — hyffather Bureau 

City Office 

Fig. 120.—Typical thermograph traces at 
town and country station-pair on a clear day 
with low wind speed (Richmond, Virginia, 
June 2, 1953). 
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Fig. 121.—Frequency of di£Ferences of daily extreme temperatures at t-)wn and country station- 
pair—uncomplicated case (Lincoln, Nebraska, 1953). 
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In Figure 122 data for another city Mitchell (1953), at New Haven Con- 
are sho^. These are observations for necticut, that Sundays showed less 
Cleveland, a city close to a million in- “city effect than weekdays. He found 
habitants. For the minima the city- for the winter season a mean tempera- 
country contrast is considerably mag- ture difference of 1.0 F. for city-air- 
nified. During the cold season the max- port values. The mean value of the dif- 
ima are also usually higher in the city, ference on weekdays was 1.1° F. but 
During the warm season a new factor was only 0.5° F. for Sunday. Undoubt- 
of local climate becomes quite prepon- edly, there is less heat and pollution 
derant—the lake breeze. This small- produced by factories and motor vehi- 
scale circulation, possibly reinforced by cles on Sundays. If we are to attribute 
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Fic. 122.—Frequency of difiFerences of daily extreme temperatures at town and country station- 
pair—case complicated by lake influence (Cleveland, Ohio, 1950). 

the ciu convection, brings a diflEerent the difference between weekdays and 
air mas ^ into the city, but normally it Sundays to these factors, it would mean 
does i:ot reach the airport, which is that they are responsible for half of the 
somev h xi more inland. This illustrates city-country temperature difference, 
the point made above that city tern- Secondary consequences of the tem¬ 
perature t'omparisons have to be used perature differential are the reduction 
with discrimination because of inter- in snowfall in the city and the increase 
action of meso- and microclimatic fac- in the freeze-free season. The former 
tors other than the city influence itself, has already been discussed. The latter 
Returning to the problem of the tern- is, of course, the more pronounced the 
perature field of towns in general, it is closer to freezing point the spring and 
interesting to relate the observation by autumn temperatures are. In some lo- 
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calities the mean interval between the 
last freezing temperature in spring and 
the first in autumn is three to four 
weeks longer in the city than in the 
country. Here again microclimatic fac¬ 
tors, rather than city influence, are often 
the real reason; the same applies to the 
frequency of days with minimum tem¬ 
peratures below freezing. The differ¬ 
ences can be substantial. For example, 
in Cologne the average annual num¬ 
ber of days with minimum below freez¬ 
ing is 19, compared to 29 in the coun¬ 
try—a reduction of 34 per cent for the 
city. In Basel, Switzerland, the corre¬ 
sponding figures are 64 and 85 days per 
year, respectively—a 25 per cent reduc¬ 
tion. 

These conditions are, of course, also 
reflected in quantities derived from 
temperatures, such as degree-days. 
Heating degree-days, in particular, are 
usually lower in the city. Cooling pow¬ 
er, a combined effect primarily of tem¬ 
perature and wind speed, also is sub¬ 
stantially reduced in the city. 

HUMroiTY 

Towns have a lower humidity than 
the countryside. This applies both to 
relative and to absolute humidities. Ap¬ 
parently, the water vapor added by 
combustion processes rapidly diffuses 
upward and, near the surface, does not 
contribute to moisture in the air except 
in cases of strong ground inversions of 
temperature. 

Actually, there are only a few relia¬ 
ble sets of comparative measurements. 
These have been summarized by Krat- 
zer (1937). They show for the city an 
average reduction of 6 per cent in the 
relative humidity and a half-millibar 
lower vapor pressure. In the annual 
variation the least difference is found 
in winter (around 2 per cent lower; 
and the most in summer (about 8 per 
cent lower). This is not entirely an ef¬ 
fect of the higher city temperatures. It 
is caused in part by the rapid runoff of 


precipitation through storm se\ 
terns and also by the great exp.r 
impervious surface materials, sucii i. 
roofs and streets. These do not hold 
moisture, as is the case with ordinary 
soil. There is relatively little vegetation 
in most cities, so that the processes oi 
evapotranspiration are completely dif¬ 
ferent from those occurring over natu¬ 
ral surfaces. 

CLOUDINESS 

The climatological records for most 
cities show an increase in cloudiness 
over the years. This is to some extent 
a consequence of the more frequent 
occurrence of fog. The city pollution 
and the added water vapor, under 
otherwise favorable meteorological con¬ 
ditions, will lead to condensation, oc¬ 
casionally even before saturation is 
reached. At other times the increased 
convection and turbulence over city 
areas also will cause cloud formation. 
These effects are usually operative to a 
sufficient degree over large metropoli¬ 
tan areas. Even so, the average increase 
is less than 1/10 in mean sky cover, or 
a few percentage points of the total 
mean cloudiness. In most localities the 
effect is more pronounced in winter 
than in summer. There are other pat¬ 
terns too. Munich, for example (cf. 
Kratzer, 1937), has an 8 per cent in¬ 
crease of cloudiness over the city in 
summer and only a 3 per cent increase 
in winter. 

In diurnal variation, increases in 
cloudiness in the early-morning hours 
are particularly notable. This is caused 
by the higher number of city fogs. In 
midday there is another increase, par¬ 
ticularly in cumulus formation caused 
by convection. In the late-aftemoon 
and early-evening hours little differ¬ 
ence between city and country exists. 

The records for nearly all major cit¬ 
ies in the middle latitudes of the North¬ 
ern Hemisphere show a decrease in 
clear days and an increase in cloudy 
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days over the decades. Some of this is 
caused by a universal climatic change. 
However, the clear days ha\'e decreased 
by 40 per cent and the cloudy days have 
increased by 50 or even 60 per cent in 
a half-century. Comparison with coun¬ 
try stations indicates that a substantial 
fraction of this change is chargeable to 
city influence. As an over-all average, 
large cities have 25 per cent less clear 
days and 5-10 per cent more cloudy 
days than their rural environs. 

WIND FIELD 

The city influence on the wind field 
is both mechanical and thermal. In the 

TABLE 24 


Seasonal Avkhagk Wind Speeds at 
Central Park Observatory and 
La Guardia Airport, New York 



Mii.kb per Hour 
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Differ- 



Park 

ence 

^PriiiK. 

Suimiier. 

12 5 

9 0 

2 6 

10 5 

8 0 

2 5 

Autumn. ... 

11 2 

8 4 

2.8 

Winter . 

14 4 

11.1 

3 8 


first category it is not much different 
from that of any large obstacle placed 
in the wind path. Locally, there is 
usually a decrease in wind speed at the 
surlace, because of increased friction 
and tin' radically enlarged roughness 
parauk ter. An early interesting account 
on cit\ influence on wind speed is owed 
to Ki< n ser (1909). He reported on 
anenk>in >ter records obtained from a 
tower i I ) ft'ct above the surface, lo¬ 
cated at Ilk' o\itskirts of Berlin. This in¬ 
stallation w ;is originally free on all 
sides but lx e.mie enveloped in the next 
two decades by apartment houses, the 
rooftops of which were only 23 feet be¬ 
low the anemometer. The mean wind 
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speed in the first decade (1884-93) 
was 11.4 miles per hour; in the second 
(1894-1903), 8.8 miles per hour. This is 
a reduction of 25 per cent. 

In Paris, according to Maurain 
(1947), the mean wind speed in the 
center of the city is 5.1 miles per hour 
and on the outskirts 10.1 miles per hour, 
a value which is nearly twice as large. 

A comparison in New York City be¬ 
tween the Central Park Observatory 
and La Guardia Airport shows for the 
two years 1952 and 1953 the values 
given in Table 24. For the whole year 
the mean observed reduction at the 
Central Park location is 23 per cent. 
The height of the anemometer at La 
Guardia Airport is 82 feet above the 
ground; at Central Park, 62 feet. The 
value expected at Central Park because 
of the height difference would be about 
4 per cent less. Hence we can ascribe 
the remainder of 19 per cent to envi¬ 
ronmental influence. For the peak 
speeds (around 60-70 miles per hour) 
the environmental influence is even 
less, namely, about 12 per cent. 

In most cities the frequency of calms 
is increased. The values compared to 
country surroundings range between 5 
and 20 per cent. This again is a factor 
very much influenced by microclimatic 
conditions. Reduction in wind speed es¬ 
pecially during winter diminishes cool¬ 
ing power but at the same time de¬ 
creases dissipation of polluting sub¬ 
stances. 

There are statements in the litera¬ 
ture to the effect that a ci^ sets up its 
own circulation, comparable to land 
and lake breezes, because it is general¬ 
ly warmer. Such a local small-scale 
wind system as envisaged by this hy¬ 
pothesis starts over the warm city with 
ascending currents, a pressure gradient 
ensues, and a cool country wind con¬ 
verging on the city from all sides is 
supposed to result. Berg (1947) calcu¬ 
lates that a temperature difference of 
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5 degrees would cause a 7-mile-per~ 
hour wind at the edge of town, pro¬ 
vided the general synoptic wind field is 
weak. His own observations in Cologne 
did not show the existence of such a 
country breeze. The weak pressure 
gradients are probably unable to over¬ 
come the friction. It is therefore more 
common for the country air, especially 
in the early night, to enter the city in 
discrete pulses like a miniature cold 
front. 

However, there is always considera¬ 
ble turbulence over cities, induced part¬ 
ly by the large-scale roughness fea¬ 
tures and narrow columns of ascending 
vertical thermal currents. These arc 
noticeable even at considerable heights. 
They are well known to airline passen¬ 
gers as marked bumpiness and have 
even been used by glider pilots for 
soaring. In summer these ascending 
columns are often marked by cumulus 
clouds which dissolve as they drift to 
the lee of the city. 

Inside the larger wind field there arc 
also some small-scale circulations stim¬ 
ulated by microinfluences, such as dif¬ 
ferential heating of different sides of 
streets or thermal differences among 


roof, courtyard, street, and prc 
faces. 

CONCLUSIONS 

It is quite clear that our cities 
moderate and high latitudes have, 
and large, caused a rather undesirabk 
deterioration of climate. A few changes 
may be considered favorable, such as 
the higher winter nighttime minimum 
temperatures. These are far outweighed 
by increase in pollution, increase in 
cloudiness, and reduction in illumina¬ 
tion and ultraviolet radiation. Con¬ 
struction practices have aggravated 
rather than alleviated the situation. 

Only in recent years has there been 
more attention to macro- and microcli- 
matological factors in city planning 
such as the Kitimat case (Anonymous, 
1954c). The adverse effects can be 
minimized without prohibitive cost if 
the climatic aspects are adequately con¬ 
sidered in plans for new settlements or 
for the reconstruction of old ones. This, 
coupled with adequate community ac¬ 
tion against air pollution, could with¬ 
out doubt lead to at least a tolerable if 
not an optimal bioclimate for the in¬ 
habitants. 
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Artificially Induced Precipitation 
and Its Potentialities 

VINCENT J. SCHAEFER' 


Water is man’s most precious natu¬ 
ral resource. There are few, if any, who 
will disagree with that oft-repeated 
statement. Down through the centu¬ 
ries, as man has slowly forged his way, 
the importance of water has grown 
hand in hand with his advance in 
knowledge, agriculture, and technol¬ 
ogy. That man is wasteful of this im¬ 
portant resource cannot be denied. In 
most regions where water resources are 
reportedly marginal or submarginal, it 
is often possible to show that such wa¬ 
ter emergencies are based on imprudent 
uses, wasteful practices, or improvident 
exploitation. 

We have only to consider the amount 

• Dr. Schaefer since 1953 has been Direc¬ 
tor of Research of the Munitalp Foundation, 
Inc., Schenectady, New York, developing a 
program of basic research in meteorology 
with emphasis on atmospheric physics and 
chemistry. From 1929 to 1953 ne was as¬ 
sociated with the General Electric Research 
Laboratory, successively as research assist¬ 
ant (1931) and research associate (1938) 
to Dr. Irving Langmuir, collaborating in 
studies of surface chemistry. Studies in 1943 
of aircraft radio static caused by snow and 
aircraft-icing phenomena led to studies of su¬ 
percooled clouds. In 1946 a practical method 
was developed of seeding natural supercooled 
clouds with dry ice. This discovery led to 
the formation of Project Cirrus, a joint Gen¬ 
eral Electric—Army—Navy five-year research 
program for studying the possibilities and 
limitations of experimental meteorology. His 
recent publications include: Experimental 
Meteorolo^, 1950; Clouds of the Jet Stream, 
1953; and Thunderstorms, Jet Streams, and 
Project Sky fire, 1955. 


of water used from the well or spring 
on a backwoods farm, still untouched 
with so-ciilled “modern conv'eniences” 
—electric pumps and related gndgets— 
and compare it with the much greater 
cjuantities used in a modem apartment, 
with its hot baths or showers, air-con¬ 
ditioning units, automatic laundry, and 
flush-toilet facilities! The pump handle 
and the carrying of a water bucket were 
conservation tools of the first magni¬ 
tude. 

The tremendous increase in the use 
of water is not necessarily bad—in fact, 
it seems to be a direct measure of our 
advance in technology and of the mod¬ 
ern standard of living. There are, how¬ 
ever, limits to the primary sources of 
v/ater. Those communities which use 
this potentially renewable resource in 
such a manner that the reserves show a 
steady decline of supply are heading 
for trouble. 

Since essentially all water current¬ 
ly used by civilized man comes from 
atmo.spheric sources, it is of consider¬ 
able importance that we become thor¬ 
oughly familiar with the mechanisms 
which control this supply. >^Vhile some 
persons will insist that such studies are 
a complete waste of time, since we are 
at the mercy of the elements, the more 
scientific-minded will venture the opin¬ 
ion that any scientific subject which is 
not well understood has many poten¬ 
tially important discoveries awaiting 
the inquiring researcher. Thus, when 
we consider the inadequacy of our 
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knowledge of atmospheric processes, it 
seems likely that many advances in our 
understanding of these phenomena will 
be forthcoming. 

Mans dream of controlling the 
weather extends far hac k into antiquity. 
Until very recent times, however, this 
was little but a dream. The primitive 
medicine men, in most cases, did little 
to arouse our scientific curiosity. How¬ 
ever, we have evidence that some of 
them woukl scatter mysterious powders 
into hot fires built on mountaintops. In 
view of our current knowledge of the 
potential importance of a few grams of 
heat-vaporized silver iodide, we must 
be (‘areful in saying that all “medicine 
men” were ineflFective in their rainmak- 
ing activities! 

It is only within the past half-century 
that scientific advances have been made 
toward a better understanding of pre¬ 
cipitation processes and the potentiali¬ 
ties of afiFecting them. The names of 
Gathman (1891), Wegener (1911), 


phenomena (e.g. temperature, wind) will 
be brought under a certain kind of con¬ 
trol, which perhaps never, in a direct 
manner, could, to an appreciable extent, 
be acted upon in the atmosphere. The 
colloido-meteorological investigations by 
themselves with only the assistance of re¬ 
search work as the means to get some con¬ 
trol over the weather factors have opened 
up a new field for their eflForts. They ob¬ 
viously only can solve those various prob¬ 
lems with the close assistance of aerology. 

Unfortunately, Findeisen mysteriously 
disappeared at the end of the war and 
is now presumed to be dead. 

In July, 1946, at the end of four years 
of basic research in the fields of pre¬ 
cipitation static and aircraft icing 
(Schaefer, 1946), the writer discovered 
that small bits of dry-ice particles 
dusted into a supercooled cloud would 
quickly and completely change its na¬ 
ture. The experiment was so simple and 
the eflFect so striking that a considera¬ 
ble number of research-minded per¬ 
sons quickly tested the results and in 


Veraart (1931), Bergeron (1935), and 
Findeisen (1938) are associated with 
these early imaginative steps. In a pro¬ 
phetic statement, shortly before World 
War II, Findeisen said (1938): 

The recognition of the fact that quite 
minute, quantitatively inappreciable ele¬ 
ments are the actual cause setting into 
operation weather phenomena of the high¬ 
est magnitude gives the certainty that, in 
time, human science will be enabled to 
efft^ct an artificial control on the course of 


some instances made immediate plans 
to start experimental studies of atmos¬ 
pheric clouds. 

Vonnegut, a co-worker of Schaefer, 
discovered (1947) that silver iodide 
could also be used to convert super¬ 
cooled clouds to ice crystals. These two 
discoveries were responsible for the in¬ 
auguration of the tremendous world¬ 
wide interest which has developed in 
atmospheric physics and experimental 
meteorology during the last nine years. 


met('oi()l()gical phenomena. It would be 
going beyond tlie limits of the present 
work to JUscuss in detail the possibility of 
exercising a kind of technical control over 
the course of weather conditions. From 
the co; iderations under survey here, we 
have iui\v come to quite new points of 
view on this. It can be boldly stated that, 
at compatatively moderate expense it will, 
in time, he, possible to bring about rain by 
scientific means, to obviate the danger of 
icing and to prevent the formation of hail¬ 
storms. Through the energy transforma¬ 
tions thus secured various other weather 


INADEQUACY OF PRESENT KNOWL¬ 
EDGE IN METEOROLOGY 

In observing and forecasting the 
weather, meteorologists have developed 
many techniques—some of them based 
on long experience and some on an ex¬ 
trapolation of today’s weather to some 
future time by assuming that a storm or 
other phenomenon will continue across 
the country at about the same rate and 
intensity as those of the observed con¬ 
dition. Others consider the general cir- 
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culation, some the behavior of jet 
streams, while yet others plot the geo¬ 
graphic position of high- or low-pres¬ 
sure cells and correlate their locations 
with the behavior pattern of a histori¬ 
cal series of weather developments. A 
currently favored procedure is the so- 
called ^‘analogue method,” in which 
fifty or more years of weather data are 
classified into a small number of storm 
types and related to the weather occur¬ 
ring over subsequent periods. This 
method assumes that a specific weather 
pattern will be followed by about the 
same resultant developments. The most 
recent of all methods depends on the 
use of giant computing machines which 
automatically receive current weather 
reports, digest them, apply the ob¬ 
served changes to the equations of mo¬ 
tion, vorticity, advection, and related 
weather parameters, and then indicate 
the weather patterns to be expected. 

Despite these diverse methods and 
many combinations and permutations 
of them, weather forecasting is still be¬ 
set with failures and near-misses. Un¬ 
fortunately, the “busts” tend to be asso¬ 
ciated with the sudden appearance of 
an unexpected storm or, in some cases, 
the rapid deterioration of a loudly her¬ 
alded storm, so that the failures are 
often quite embarrassing to the fore¬ 
casters. Many reasons may be ad¬ 
vanced for these diflSculties, many of 
which may be ascribed to a simple lack 
of an adequate understanding of basic 
weather phenomena. Until weather 
forecasts reach a level of accuracy con¬ 
siderably better than at present, new 
avenues of research must be explored 
with enthusiasm and active imagina¬ 
tion. 

Among the factors which are not cur¬ 
rently used in preparing weather fore¬ 
casts are the concentration and type of 
condensation and ice nuclei in the air 
masses under consideration. It is easily 
shown that the concentration of eflFec- 
tive ice-crystal and condensation nuclei 


in the world's atmosphere varie s 
ly from place to place and from t : 
time. The most intensive and exUir.'i . 
study of ice nuclei in the atmosplicx 
has been conducted at the Momii 
Washington Observatory, New Ilani]. 
shire (Schaefer, 1954), where niori 
than eighteen thousand observaticus 
have been made at three-hour intervals 
during the last six and one-half years. 
These observations show that the con¬ 
centration of ice-crystal nuclei in the 
air passing the summit of Mount Wash¬ 
ington varies by a factor of at least a 
million fold, as measured at an average 
temperature of —18° C. Thus, the air 
at times contains as many as ten million 
nuclei per cubic meter. At other times 
not a single nucleus can be detected. 

These large variations in ice-nuclei 
concentrations suggest explanations as 
to why, at times, the atmosphere will 
contain a profusion of large super¬ 
cooled clouds, while, at other times, 
even the smallest clouds shift quickly 
to showers of snow crystals. Efforts 
have been made to discover the reason 
for these large variations and the 
source of those which are observed 
(Schaefer, 1950; Isono and Komaba- 
yasi, 1954). 

By gathering samples of fine soils ob¬ 
tained in regions where dust storms and 
dust devils are commonplace occur¬ 
rences, the writer has shown that some 
terrestrial soils act as fairly eflFective 
ice-crystal nuclei. Certain volcanic soils, 
pumice deposits, and clays have been 
found to serve as effective ice-crystal 
nuclei in the temperature range of 
—12° to —22° C. Not all particles are 
eflFective at a particular temperature, 
although the number which are active 
increases with a decrease in tempera¬ 
ture, until most will initiate ice-crystal 
formation in the range of —30° to 
—35° C. Even at this temperature, 
however, there are many solid particles 
which have no eflFect whatever when 
introduced into a supercooled cloud. 
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It is easily demonstrated that water 
droplets will supercool to a tempera¬ 
ture of about —38° C. Attempts to go 
to colder temperatures fail because of 
tbe spontaneous nucleation effects 
which occur at about —40° C. (Schae¬ 
fer, 1946; Cwilong, 1947). At this tem¬ 
perature cloud droplets freeze sponta¬ 
neously and under some conditions pro¬ 
duce many additional submicroscopic 
ice crystals (Schaefer, 1952). 

Cirrus clouds generally form in the 
temperature range of —40° to —60° 
C. and, consequently, consist of pure 
ice. Such crystals slowly settle earth¬ 
ward and under many atmospheric con¬ 
ditions continue to grow throughout 
their fall. During major storm devel¬ 
opments this prolific source of ice nu¬ 
clei exercises a dominant control of the 
precipitation process. At the point of 
contact between falling cirrus crystals 
and cumulus, alto-cumulus, or stratus 
cloud masses, radar studies show the 
development of major precipitation 
areas (Gunn et ah, 1954). 

Because of the heterogeneous nature 
of natural ice-crystal nuclei and the 
great variability in their concentration, 
the introduction into the atmosphere of 
large numbers of superior ice nuclei, 
under controlled conditions, is likely to 
exert a pronounced effect on super¬ 
cooled clouds and possibly on the syn¬ 
optic situation. 

Both dry ice (solid carbon dioxide) 
and silver iodide may be used to pro¬ 
duce colossal numbers of nuclei. When 
introoMced into a supercooled cloud 
under optimum conditions, dry ice may 
prodi5 ;e I X 10’® ice crystals per gram 
of inalviial. Silver iodide has similar ef¬ 
fectiveness, plus the added advantage 
that it t\\:iy be formed at warm tem¬ 
perature and in cloudless air but will 
then becoiue. effective when encounter¬ 
ing suitable atmospheric conditions 
(Vonnegut, 1949). 

Many types of silver iodide genera¬ 
tors have been devised (Vonnegut, 


1950), ranging from tbe burning of 
string or paper impregnated with pow¬ 
dered silver iodide, the burning of a 
solution of silver-sodium iodide dis¬ 
solved in acetone and sprayed into a 
gas flame, the burning of coke or char¬ 
coal soaked in a silver iodide solution, 
or the electric arcing of silver electrodes 
in a vapor of free iodine. Generators 
have been devised which will operate 
on the ground, suspended from bal¬ 
loons or kites, shot high into the air as 
exploding shells or rockets, or trans¬ 
ported on reciprocating or jet-engine 
aircraft. 

A few pounds of dry ice or a few 
ounces of silver iodide, if properly in¬ 
troduced into supercooled clouds, will 
exert profound effects on the precipita¬ 
tion cycle in supercooled clouds. By 
controlling particle size and volume 
concentration, and depending on the 
method of introducing the seeding ma¬ 
terials into cloud masses, many differ¬ 
ent effects may be achieved. Large 
holes may be cut into solid stratus or 
strato-cumulus overcasts, supercooled 
ground fogs may be intensified or dis¬ 
sipated, an ice-crystal overcast may be 
produced in air which is supersatu¬ 
rated with respect to ice, and large, 
vigorously growing supercooled cumu¬ 
lus clouds may be caused to produce a 
fairly extensive local rainstorm or snow¬ 
storm (Schaefer, 1953a). Some evi¬ 
dence has been obtained that a com¬ 
bination of dry ice and silver iodide, 
when introduced into a cumulus cloud 
system, may serve to stimulate cyclo¬ 
genesis (Langmuir, 1950). Widespread 
effects of this kind are likely to be fa¬ 
vored when the air is deficient in natu¬ 
ral nuclei. 

It is only within the past few years 
that meteorologists have reached some 
degree of agreement that heavy rains 
may fall from clouds which are not high 
enough or sufficiently cold to produce 
ice crystals (Schaefer, 1949h; Mordy 
and Eber, 1954). Studies of subtropical 
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clouds show that they are often pre¬ 
vented from reaching the 0° C. level 
by the trade-wind inversion. Conse¬ 
quently, the clouds reach maximum ver¬ 
tical thicknesses with minimum tem¬ 
peratures of 8° to 10® C. Rain intensi¬ 
ties equal to an inch an hour were 
measured during our Project Cirrus 
flight studies (see below), using rain 
scoops flown below the bases of precipi¬ 
tating clouds along the Puerto Rican 
coast. 

Subsequent studies have provided 
further evidence of the widespread na¬ 
ture of coalescence in the formation of 
so-called “warm-cloud rain.” In one of 
our earliest seeding flights, during the 
late fall of 1946, we observed light, 
misty rain falling from supercooled 
clouds, all parts of which were colder 
than 0® C. 

In most instances where rain forms 
by coalescence without resort to the 
ice-crystal mechanism, the air contains 
“giant” sea-salt particles and relatively 
low levels of effective condensation nu¬ 
clei. In a number of instances at Puerto 
Rico we estimated that the air con¬ 
tained only from fifty to a hundred ef¬ 
fective condensation nuclei per cubic 
centimeter. Over continental areas sim¬ 
ilar measurements show values which 
are often ten to fifty times greater, es¬ 
pecially in regions having smoke and 
haze from industrial sources or from 
natural sources such as forest fires. 

Many new discoveries may be ex¬ 
pected in relation to the role played by 
condensation nuclei in the initiation 
and development of storms. While such 
particles are rarely, if ever, absent in 
the atmosphere, there are regions 
where the concentrations are very low. 

In the rain forests of the Hawaiian 
Islands, Mordy has shown (1955) that 
the introduction of additional condensa¬ 
tion nuclei produces an increase in the 
number of cloud droplets in a sample 
of air. This could happen only under 
conditions in which me air is slightly 


supersaturated with respect to 

It is, therefore, of considerab; 
est to discover the effect that iri., 
low the introduction of large nun/* ^ 
of effective condensation nuclei io:!. 
subtropical clouds, which normally pr 
duce rain when only a few thousand, 
feet thick. If rain prevention could be 
exercised in this manner, it might be 
possible to delay the inception of rain 
until the cloud moved to a region where 
it would be more useful. 

There is some evidence that this oc¬ 
curs. Over the high mountainous ridges 
of Puerto Rico, clouds often grow to 
much greater dimensions without pro¬ 
ducing any rain than they do over the 
sea. While this might in some manner 
be due to the greater vertical turbu¬ 
lence in such clouds, it is commonly ob¬ 
served that these larger clouds, which 
do not rain often, have large numbers 
of condensation nuclei flowing into their 
bases as smoke, produced by sugar cen¬ 
trales, cement plants, and burning cane 
fields. 

In areas where coalescence rainfall 
develops in supercooled regions of 
clouds, research is needed to determine 
the methods which oould be employed 
to control the precipitation process, us¬ 
ing efficient ice nuclei. 

Under atmospheric conditions in 
which warm clouds commonly form 
without producing rain, there is a 
strong possibility that the release of 
large salt particles in air moving into 
the clouds might accelerate the devel¬ 
opment of coalescence and lead to 
precipitation (Woodcock, 1949; Four¬ 
nier d'Albe, 1955). The introduction of 
water droplets into clouds may initiate 
coalescence or a chain reaction (Lang¬ 
muir, 1948a, 1948h; Bowen, 1950). How¬ 
ever, it is doubtful whether this is eco¬ 
nomically feasible with aircraft. By 
using large salt particles from ground 
generators or in certain favored topo¬ 
graphical situations, such types of warm- 
cloud-seeding may be effective. 
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Notable in the latter connection is 
the Keanae Valley experiment on the 
island of Maui, Territory of Hawaii 
(Mordy, 1955). At that location a 
cloud “river,” consisting of a mass of 
northeast tradc'-wind cloud, is projected 
against the steep mountain slopes ris¬ 
ing to 10,000-foot Haleakala. The line 
of moisture-laden air encounters a 
steep escarpment and is forced up¬ 
ward at velocities greater than normal¬ 
ly encountered in trade-wind clouds. 

At this location a pipe line leads water 
from a stieam draining the slopes of 
the mountain and sprays the water into 
the cloud-laden air. These particles are 
carried upward in the rapidly rising 
air, grow by coalescence wim the small¬ 
er cloud droplets, and then fall out as 
rain several miles downwind from the 
spray site in a region where it may be 
collected by a series of conduits and 
flumes. 

With experimental setups of this 
type, much important data may be col¬ 
lected on precipitation mechanisms of 
warm clouds. It should also be feasible 
to study electrification phenomena~a 
field in which many important discov¬ 
eries will be made within the next few 
years. 

KXI’ERIMENTAL METEOROLOGY 

Since the four exploratory seeding 
flights made by the writer in the fall 
and early winter of 1946, many inter¬ 
esting developments have occurred. 
The results of preliminary flights at 
Schenectady led to the formation of 
Projec t Cirrus, a joint Army- and Navy- 
sponsored research study in the field 
of exjn riinental meteorology. Aircraft 
were supplied by the Air Force and 
Navy, and technical guidance was sup¬ 
plied by Langmuir, Schaefer, and Von- 
of the General Electric Research 
LaDoratory. Project Cirrus research 
studies extended from early 1947 until 
September, 1952. Further laboratory 
studies continued until July, 19K 
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(Schaefer, 19536). During this period 
225 experimental flight studies were 
conducted. A breakdown into the sev¬ 
eral experimental categories and the 
number of flights devoted to each fol¬ 
lows: dry-ice-seeding studies, 92; ob¬ 
servational flights for sounding, sam¬ 
pling, and photographing clouds and 
cloud systems, 62; flights for testing 
new instruments, 40; silver iodide-seed¬ 
ing studies, 21; water-seeding studies, 
17; flights for checking aircraft, 5; and 
flights for training purposes, 4. Some 
flights had dual purposes and for this 
reason are included twice in this ac¬ 
counting. The record, minus such du¬ 
plications, shows that the number of 
flights made specifically for cloud-seed¬ 
ing was 116—slightly more than half of 
the total number of flights made. 

The major objectives of the Project 
Cirrus flight program were of an ex¬ 
ploratory nature and designed to de¬ 
termine the possibilities and limita¬ 
tions of cloud-modification activities. 
They were planned on a broad base, 
since it was our belief that more basic 
information was needed before large- 
scale cloud-seeding should be at¬ 
tempted under government auspices. 
The several objectives might be enu¬ 
merated in order of importance as fol¬ 
lows: (1) evaluation of the effective¬ 
ness of various seeding materials and 
techniques; (2) exploration of various 
cloud types in terms of supercooling, 
structure, or other physical properties; 

(3) development of procedures for 
studying clouds and obtaining quanti¬ 
tative information about them; (4) the 
working-out, on the basis of observed 
results, of flight procedures for produc¬ 
ing specific effects in unstable clouds; 
and (5) design and development of 
new instruments for measuring various 

g roperties of the atmosphere while in 
ight. 

Shortly after the initial experiments 
conducted by Schaefer, other groups in 
various parts of the world also initiated 
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flight studies. Some of these, like the 
Commonwealth Scientific and Indus¬ 
trial Research Organization group in 
Australia (Smith, 1949), set up an ex¬ 
tensive and excellent long-range re¬ 
search program. Others, such as local 
service organizations and publicity- 
seekers, were satisfied with single or a 
few simple flights. 

A most important development at 
this time in the United States was the 
formation by private meteorologists of 
commercial cloud-seeding organiza¬ 
tions with the announced purpose of 
engaging in “precipitation-increasing'* 
activities. By 1951, these groups had 
become so well organized that more 
than a third of all the land west of the 
Mississippi was under contract for 
cloud-seeding activities. So widespread 
had been the publicity given to cloud- 
seeding that these organizations had 
little, if any, “selling” to do to gather 
contracts from farmer-rancher organi¬ 
zations. 

This demand for cloud-seeding ac¬ 
tion, out of proportion to the state of 
basic knowledge concerning the pos¬ 
sibilities and limitations of the methods 
in use, inevitably led to disappoint¬ 
ments and dissatisfaction among many 
of these groups. Most of them had over¬ 
sold themselves! Consequently, by 
1953, a considerable number of the en¬ 
thusiasts had lost faith in cloud-seeding 
programs and abandoned further activ¬ 
ities along such lines. This was not the 
situation with all groups, however, 
especially those with a long-range vi¬ 
sion of tne potential importance of such 
activities if they could oe made success¬ 
ful. 

Much has been said about the waste 
of money and the unwarranted claims 
of cloud-seeding organizations and 
about their “get-rich-quick” schemes. 
While it may be true that the poten¬ 
tialities of cloud-seeding were oversold 
in the 1949-52 period, it was our ex¬ 
perience in meeting with many farmer- 


rancher groups that they were t 
primarily responsible for this sit. 

Many had a tendency to show lilt 
no interest in the basic facts com ^ vo 
ing experimental meteorology. Moit 
over, individual assessments were reh 
tively low. The owner of a wheat ranch 
of 5,000 acres in most cases paid less 
than a hundred dollars a year for cloud- 
seeding activities in his area. If cloud- 
seeding resulted in an increased amount 
of moisture and led to an increased 
yield of a bushel an acre, this “gamble” 
paid off twenty-five to fifty fold! 

While it is unfortunate that better 
scientific data were not obtained dur¬ 
ing this early period, this situation has 
gradually improved, so that, at pres¬ 
ent, a considerable mass of important 
scientific data is being gathered. The 
present use by commercial organiza¬ 
tions of radar, cold chambers, poten¬ 
tial-gradient meters, time-lapse photog¬ 
raphy, and similar sciemtific equip¬ 
ment indicates an important trend and 
should contribute to an increase of 
scientific knowledge from field opera¬ 
tions. It should be encouraged. 

By now, the major commercial organ¬ 
izations have from three to six years of 
field experience and are in a good posi¬ 
tion to exploit new discoveries as they 
are made. This is an important factor in 
the development of new ideas and 
techniques in any new science. It 
means that advances will be made 
without delay and that the spirit of 
competition will tend to discourage 
apathy and will serve as a positive 
force, encouraging the steady develop¬ 
ment of the new science of experimen¬ 
tal meteorology. 

WORLD-WIDE RESEARCH IN EXPERI¬ 
MENTAL METEOROLOGY 

One of the important aspects of 
meteorology is its world-wide relation¬ 
ships. Nothing happens in the atmos¬ 
phere of one area without having some 
effect on the weather around the world. 



Mans Roh J^ianging the Face of the Earth 


Whether it is a local rah) . '.ower, an 
air-mass thunderstorm, a ?/ 2 ;ional cold 
front, or an extensive' o c Ionic storm, 
all are reflected in glolful weather. As 
a consequence, most competent meteor¬ 
ologists consider weather patterns and 
sequences without heed to political sub¬ 
divisions or other artificial boundaries. 

Owing to this global aspect of 
weather, the new field of experimental 
meteorology was quickly appraised and 
investigate‘d by research scientists in 
many parts of the world. In some coun¬ 
tries this interest did not proceed be¬ 
yond the university level; in others it 
became part of intensive government- 
sponsored research. Some of the out¬ 
standing research in other countries is 
typified by scientific papers published 
in Australia (Kraus and Squires, 1947), 
Hawaii (Leopold and Halstead, 1948), 
Japan (Wadati, 1954), and Africa 
(Davies, 1951). In addition to the for¬ 
mally published papers, workers in 
many other countries conducted ex- 


the advance of basic knowledge in the 
field of atmospheric physics and ex¬ 
perimental meteorology were unable to 
find out the basis for the new methods, 
so that a considerable amount of dis¬ 
trust developed concerning some of 
these commercial activities. As general¬ 
ly happens in such cases, no matter 
what the field of science, failures to 
perform as claimed soon led the mys¬ 
terious methods into disrepute. 

Seeding operations using dry ice and 
silver iodide have not been free of 
skepticism and question either! How¬ 
ever, in a number of instances where 
extensive field operations have been re¬ 
ported as unsuccessful, an investigation 
has indicated that those responsible for 
the planning either neglected to follow 
the known facts, set up operational pro¬ 
cedures which were basically unsound, 
saw fit to change the experimental con¬ 
ditions to such a radical degree that 
the experiences of the past were dis¬ 
regarded, or initiated such an ambitious 


periments and studies, accounts of 
which, because of limited issue, are 
not as easily available for study and 
evaluation. Typical of these is the work 
described in reports from Honduras 
(Silverthorn, 1950) and Mexico (Sili- 


project that large amounts of effort and 
money were expended in getting organ¬ 
ized and ready to operate, with the 
monetary support failing soon after the 
crucial operations got under way. 


ceo, 1953). 


APPLIED EXPERIMENTAL METEOROLOGY 


The popular appeal of rainmaking, 
storm modification, precipitation-in¬ 
creasing, or weather control, as such 
activities have been labeled, has given 
rise to exaggerated and unscientific 
claims for the potentialities of these 
new techniques. In addition to unwar¬ 
ranted claims and reckless public state¬ 
ments, which, in the United States, 
marked the period of 1948-52, some 
cloud-sct'ding activities were conducted 
by individuals and smaU groups pur¬ 
porting to ha\e discovered new mate¬ 
rials and techniques which were far 
superior to dry ice and silver iodide. 
Unfortunately, these purported new 
discoveries were surrounefed widi an 
aura of mystery. Persons interested in 


Large-Scale Cloud-seeding 

Activities 

Commercial cloud-seeding activities 
seem to be settling down into a fairly 
definite pattern. In the high mountain 
areas, where snow deposits serve to 
provide stable water supplies until mid¬ 
summer, hydroelectric power compa¬ 
nies are sponsoring attempts to increase 
the depth of the snow pack and thus 
augment what is termed "multipurpose 
water.” In such regions snow crystals 
falling on a high mountain slope repre¬ 
sent a potential water source, which, 
upon the melting of the snow in July, 
August, or September, not only pro¬ 
vides water power to turn a half-dozen 
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or more turbine wheels during its de¬ 
scent from the high mountain slopes 
but also, at lower levels, before reach¬ 
ing sea level, provides water for drink- 
ing purposes, irrigation, and industrial 
uses. 

By effectively seeding supercooled 
orographic clouds in the wintertime 
with silver iodide ground-based gener¬ 
ators, there is strong evidence that con¬ 
siderable success attends such activi¬ 
ties, as indicated by Elliott and Strick- 
ler (1954). Among the points which 
favor successful operations are: 

1. Supercooled orographic clouds 
commonly occur in the wintertime on 
high mountains in the middle latitudes, 
especially in regions downwind from 
oceans. 

2. Observations of riming, the fre¬ 
quency of graupel snow particles, and 
the evaporation of clouds on the down¬ 
wind side of the mountains all indicate 
a lack of effective concentrations of 
suitable ice nuclei in the air forming 
the clouds on the mountains. 

3. The deactivation of silver iodide 
from ground generators by the temper¬ 
ature, low humidity, and ultraviolet 
effects are minimized under winter con¬ 
ditions in mountainous regions. 

4. Orographic clouds cover high 
mountains for extensive time periods 
in the winter. Proper control of seed¬ 
ing effects should offer many opportu¬ 
nities for successful operations. 

5. By controlling the particle size 
and concentration of silver iodide 
smokes, it may eventually be feasible to 
determine the temperature at which 
the seeding effect begins and the loca¬ 
tion where the first snow will fall. 

6. High mountain areas are ideal lo¬ 
cations for storing moisture in the form 
of snow and holding it for extended 
periods of the summertime. 

Modification of Storms 

Another application of experimental 
meteorology is in the possible modifi¬ 


cation of storm clouds. This 
may range from the prevention ( 
and lightning in local convective c' 
of the air-mass type to the prevent 
of hurricanes. 

Much more research remains to ! 
done to make even the simplest e; 
these activities a certain success. How 
ever, local storms have already been 
profoundly modified (Schaefer, 1953a). 
Certain physical conditions must ob¬ 
tain if a reasonable degree of success 
is to follow. For example, it is much 
easier to modify a lightning storm be¬ 
fore it reaches the lightning stage than 
when the storm is fully developed, 
since a large storm of this sort depends 
to a great extent on the degree of un¬ 
stability which develops before it is 
triggered off. Thus, if a large amount 
of supercooled cloud develops in a 
cloud system, there is a much greater 
chance that a violent storm will occur 
than if the potential energy is con¬ 
tinuously bled away by the removal of 
the unstable, supercooled cloud masses. 

The same reasoning may apply with 
respect to hurricanes, but, since they 
are so much more complicated than 
local thunderstorms, much field re¬ 
search will be required before a suc¬ 
cessful effort at modification may be 
expected. A preliminary study of a hur¬ 
ricane was made by our Project Cirrus 
group in 1948 ( Langmuir, 1948h). This 
.study showed that an active hurricane 
contains many clouds and extensive 
cloud systems which exist in a super¬ 
cooled state and are, therefore, suscep¬ 
tible to modification by cloud-seeding 
techniques. These storms are so exten¬ 
sive and contain such potential energy 
that the most logical approach to hur¬ 
ricane modification would seem to con¬ 
sist in learning to recognize the initial 
stages of the storm and finding ways to 
prevent the development of the closed, 
self-perpetuating system of the mature 
hurricane. 
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LARGE-SCALE WEATHER COxVTROL 

In a series of papers Langmuir 
(1953) has described a remarkable 
chain of rainstorms which recurred at 
seven-day intervals over the United 
States. By statistical methods, he 
showed a high correlation between 
these and a weekly schedule of silver 
iodide-seeding conducted in New 
Mexico as part of Project Cirrus in late 
1949, 1950, and part of 1951. Although 
some of tlie caiise-and-efiFect relation¬ 
ships described by Langmuir have 
aroused considerable controversy, no 
one has yet provided a better explana¬ 
tion for the observed seven-day periodic¬ 
ities in precipitation, temperature, and 
pressure which occurred over large 
areas of the United States and in some 
instances extended across the Atlantic 
into Europe. 

Recent studies by Langmuir of phys¬ 
ical mechanisms possibly responsible 
for these remarkable eflFects have led 
him to conclude that the storm patterns 
show a developmental pattern similar 
to certain electronic circuits of the 
feedback type such as are used in con¬ 
trolling frequency-modulated radio. 
The basic principle resides in the postu¬ 
late that atmospheric phenomena re¬ 
lated to precipitation, pressure, and 
temperature tend to occur with a har¬ 
monic rhythm. Under natural condi¬ 
tions the large variations in atmospher¬ 
ic ice-crystal nuclei—which, from day 
to day, may vary a million fold in con¬ 
centration (Schaefer, 1954)—produce 
random effects which tend to suppress 
the natural periodicities. If these nat¬ 
ural mu lei arc supplanted by sufficient 
concc'nt rations of more effective parti¬ 
cles, such as silver iodide (which may 
have effects at temperatures 10®-15® C. 
warmer than natural nuclei), then more 
uniform reactions occur over more ex¬ 


tensive areas and thus permit the nat¬ 
ural periods to emerge, develop, and 
dominate the synoptic weather pat¬ 
terns. 

The critical test of the theory pro¬ 
posed by Langmuir would consider the 
year 1948 as a dividing line. Langmuir 
states that, if his theory is correct, there 
will have been many more instances 
of an extended series of periodic 
weather phenomena since 1948 than in 
any equivalent period previous to 1948. 
These periodic cycles may have fre¬ 
quencies in the range of six to ten, or 
more, days per cycle and, once started, 
will recur for periods of several months 
or more. A systematic study of the his¬ 
torical weather records should be made 
as soon as possible to test this impor¬ 
tant idea. 

CONCLUSION 

Experimental meteorology is a new 
science. We are probably at the thresh¬ 
old of many important and exciting 
new discoveries. As so often happens 
in scientific research, the current ob¬ 
jectives may never be achieved or may 
dwindle into insignificance as new facts 
are uncovered. The advance in under¬ 
standing and achievement will depend 
on the enthusiasm, imagination, curios¬ 
ity, perseverance, and “will to do” of 
those scientists and others who will 
work hard but at the same time direct 
their eyes toward the sky. 

Experimental meteorology is a sci¬ 
ence which depends primarily on the 
experimental ability of its devotees. 
Progress will not be made at the work 
table unless it is preceded by good 
work in the field. As in all phases of 
science, advancement depends on 
people. If the science of experimental 
meteorology is favored by having a few 
good ones, a successful future is as¬ 
sured. 
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The Nature of Induced Erosion 
and Aggradation 

ARTHUR N. STRAHLER* 


INTRODUCTION 

To set forth adequately the nature 
of induced erosion and aggradation 
would require that we summarize a 
sizable science developed in the past 
quarter-century by a large body of 
competent engineers, hydrologists, soil 
scientists, and geologists. To ofFer a 
somewhat different treatment of ero¬ 
sion and aggradation than is usually 
seen, an attempt is made here to syn¬ 
thesize the empirical observations of 
the engineer on particular cases and in 
restricted physical limits with the more 
generalized rational theories of fluvial 
erosion and deposition formulated by 
the geomorphologist, who views land- 
forms as parts of evolving systems ad¬ 
justed to given sets of environmental 
factors. 

DEFINITION OF EROSION 
AND AGGRADATION 

It will be necessary first to define the 
terms “erosion” and “aggradation” and 
then to make a suitable distinction be- 
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geomorphology and the application of statis¬ 
tical methods to landform analysis. He is au¬ 
thor of Physical Geography, 1951. 


tween normal geological processes and 
those accelerated processes induced by 
man. 

In the broadest sense generally ac¬ 
ceptable to the geomorphologist, ero¬ 
sion is the progressive removal of soil 
or rock particles from the parent-mass 
by a fluid agent. Entrainment of the 
particles into the fluid medium of trans¬ 
portation is thus implicit, but the form 
of transportation—whether by suspen¬ 
sion or bed-load traction—and the dis¬ 
tance of transportation are not speci¬ 
fied. By introducing mention of the 
fluid agent, the definition excludes 
mass-gravity movements such as thick 
mudflows, earthflows, landslides, and 
slump, which are plastic flowage or 
slip movements not requiring a sus¬ 
pending fluid medium. Excluding these 
phenomena by no means implies that 
they lack importance in the scheme of 
landmass denudation; they are exclud¬ 
ed in this paper because of lack of 
space. The fluid media acting upon 
landforms are water, air, and glacial 
ice. Here, again, limitations of topic 
and space require that only water ero¬ 
sion be treated. The omission of wind 
erosion is serious from the standpoint 
of the total problem of induced erosion 
but does not otherwise interfere with a 
treatment restricted to water erosion. 

In this discussion water erosion will 
be recognized as taking two basically 
different forms: (1) slope erosion and 
(2) channel erosion. The first is the 
relatively uniform reduction of a fair- 
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ly smooth ground surface under the 
eroding force of overland, or sheet, 
flow which, although by no means uni- 
formly distributed in depth or velocity, 
is more or less continuously spread 
over the ground and is not engaged in 
carving distinct channels into the sur¬ 
face. The second form of erosion con¬ 
sists of the cutting-away of bed and 
banks of a clearly marked channel 
which contains the flow at all but the 
highest flood peaks. Channel erosion 
takes place in and produces both the 
gullies and deep shoestring rills incised 
into previously smooth slopes and the 
valley-bottom stream channels which 
have long been permanent features of 
the landscape. Too often, in the writer’s 
opinion, the distinction between slope 
ero.sion and channel erosion is not 
clearly drawn in soil-erosion publica¬ 
tions deploring the high sediment yield 
from a watershed. 

In defining slope erosion, the ques¬ 
tion of inclusion of surficial soil creep 
requires consideration. By surficial 
creep is meant the slow, usually im¬ 
perceptible, downslope movement of 
unconsolidated soil or weathered man¬ 
tle caused by the disturbance or agita¬ 
tion of the particles and their subse¬ 
quent rearrangement under the force 
of gravity (Gilbert, 1909, p. 345). The 
importance of this creep is extremely 
great in normal geological land-surface 
denudation and is responsible in part 
for the form of the slope profile. Never¬ 
theless, it is excluded here because the 
rates at which detritus would be sup¬ 
plied to a stream by creep are assumed 
to be extremely slow and to produce a 
negligible increment to stream loads in 
comparison with quantities involved in 
accelerated slope erosion induced by 
radical changes in surface treatment. 
One mechanism of the creep process is 
not so easily surrendered, however. 
This is the process of downslope move¬ 
ment induced by rain-beat (splash ero¬ 
sion) on a poorly protected soil surface 


(Ellison, 1950). On a perfectly hori¬ 
zontal surface the impacts of vertically 
falling drops would produce no gen¬ 
eral soil movement in one direction, 
but on a slope a vector is added to the 
otherwise random movement, and a 
residual downslope movement of parti¬ 
cles is inevitable. On broadly rounded 
divides and gentle slopes, splash ero¬ 
sion by rain-beat may be considered 
quantitatively to be of prime impor¬ 
tance. 

Aggradation, like water erosion, oc¬ 
curs in two basic forms: (1) sheet 
deposition, or slope wash, at the slope 
base and (2) channel deposition. In 
the first form, a slow accretion of soil 
particles occurs on the lower parts of 
the valley-side slopes where the gradi¬ 
ent diminishes. It is brought down by 
sheet runoff from the slopes immediate¬ 
ly above. The second form, channel dep¬ 
osition, includes the building of bars 
of well-sorted and stratified grains on 
the channel floor. This type of aggrada- 
dation may be extended to include 
alluvial deposits spread broadly upon 
alluvial fans and flood plains by over¬ 
bank flow of streams in flood. Debris 
flows and mudflows, commonly inter- 
bedded with sorted and stratified de¬ 
posits of stream flows, may be included. 

The term “sedimentation” is broader 
than the term “aggradation” and in¬ 
cludes not only slope wash and chan- 
nel aggradation but also deposition of 
sediment in reservoirs, lakes, or the 
oceans in the form of deltas, fine layers 
of sediment produced by settling, or 
turt)idity current layers. This type of 
sedimentation, while of major concern 
to conservationists and engineers, is not 
treated in this paper. 

NORMAL VERSUS ACCELERATED 
EROSION AND AGGRADATION 

Much has been written about a dis¬ 
tinction between a certain benign regi¬ 
men of erosion, transportation, and dep¬ 
osition that characterized our country 
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prior to the white man’s spread and a 
sharply contrasting, usually devastat¬ 
ing or impoverishing, white-man-in¬ 
duced regimen termed “accelerated ero¬ 
sion,” which has since set in. The first 
condition has been termed the “geologic 
norm” by Lowdermilk (1935), Sharpe 
(1941, p. 236), and others. In many 
areas the second is clearly shown in the 
surface forms—particularly gullying— 
and is obvious to the most untutored 
layman. Less obvious to the eye are 
rapid accelerations in sheet erosion and 
aggradation which seem to have set in 
following deforestation and cultivation. 

A survey of papers discussing the 
distinction between normal and accel¬ 
erated erosion gives the definite im¬ 
pression that doubt exists as to the 
validity of the distinction mostly in ref¬ 
erence to the semiarid and arid lands of 
the West. Apparently nearly everyone 
accepts the severe gullying of the Pied¬ 
mont and of the Middle West loess 
regions as an example of accelerated 
erosion brought about by man. Where 
the question is with arroyo trenching 
in the Navaho country, sedimentation 
of the Rio Grande Valley, or occurrence 
of mudflows at the foot of the Wasatch, 
however, some seriously raise the ques¬ 
tion whether such radical changes are 
actually “normal” for the prevailing cli¬ 
matic, topographic, and vegetative en¬ 
vironment or whether man’s activities 
have been only coincidental with up¬ 
sets brought about by natural factors. 
Such skepticism is not entirely unwar¬ 
ranted. The sedimentary contents of 
many alluvial fan deposits show his¬ 
tories of debris floods and mudflows 
throughout the construction of the fans 
(Blissenbach, 1954). Bailey (1935) 
found evidence of a history of repeated 
epicycles of erosion and filling in cer¬ 
tain valleys of the Colorado Plateau, 
though not in all valleys or to such 
great depths as the recent trenching 
which he attributes to overgrazing. 
Such periods of accelerated erosion 


and deposition are entirely exp ^ w 
in regions where steep slopes 
naturally poor vegetative cover pb... 
large amounts of soil and rock deln is 
at the disposal of sporadic hea v 
storms. 

Taking these things into consider.; 
tion, the adjective “accelerated” as ap¬ 
plied to erosion and aggradation will 
be intended to mean merely a very con¬ 
siderable increase in rate of these 
processes, quite irrespective of whether 
the acceleration is brought about by 
natural causes or man-made causes or 
by a combination of both. Where 
caused by man or his livestock, the 
qualifying expression “man-induced” 
will be used, and this may be shortened 
to “induced.” 

What are the physical criteria for dis¬ 
tinguishing between a present-day 
period of accelerated erosion and dep¬ 
osition and a previous regimen con¬ 
stituting the geologic norm? One is 
suggested by Bailey (1941) on the 
basis of conspicuous changes in texture 
in sections of alluvial deposits found at 
the base of the Wasatch Range. A 
change to coarser texture is evidence 
of accelerated watershed erosion, be¬ 
cause, as we shall see later, increases 
in transporting capacity and compe¬ 
tence of the stream result from in¬ 
creases in runoflF. As a second criterion, 
the existence of any steep-banked 
stream channel or axial gully in whose 
walls fine-textured soils (often with soil 
profiles) are exposed is ample proof of 
a recent upset in stream regimen. 

DYNAMICS OF SLOPE EROSION 

The geomorphologist and hydraulic 
engineer see erosion and aggradation 
processes from somewhat difiFerent 
points of view, each appropriate to the 
aims of his field of study. To the engi¬ 
neer concerned with accelerated ero¬ 
sion on a cultivated hillside, the prob¬ 
lem relates to a sloping patch of 
ground. This particular area is often 



624 Mans Rol, iu . ;h«nginf; the Face of the Earth 

regarded as an independent plot and termined by the relative magnitude 
/S' in fact often physically isolated with the forces of resistance and the force- 
s/des^ to produce downslope wove- 

sediment at the lower edge. To the. ment. 

geomorphologist the plot is merely an Forces tending to produce entrain- 
indistinguishable part of a continuous ment by sheet flow are given by Knapp 
geometric surface formed into a drain- (1941, p. 257) as uniform boundary 


age basin bounded by a natural drain¬ 
age divide and centered upon an axial 


shear, local intensified shear from ed¬ 
dies, fluid impacts, and particle im- 


s&eam. It is the gross aspect of the pacts. All these are expressions of the 
whole system operating over a long downslope component of the gravita- 
period of time that interests the geo- tional force. To this is added the force 
morpholoeist, hut he realizes that he of buoyancy, which makes entrainment 


cannot fully understand the morphol- 
ogy without a knowledge of the prin¬ 
ciples of erosion operative upon any 


easier. If force of raindrop impact is 
added, this, too, is a result of the action 
of gravitational force. Other forces 


given small plot within the whole. We which tend to disrupt or otherwise 


shall therefore consider first the dy¬ 
namics of the slope erosion processes 


weaken the soil or rock near the surface 
arc molecular rather than gravitational 


d then turn to the total basin mor- in nature (Strahler, 1952fz, p. 932). Ad- 


phology. 


sorption of water by colloids, hydroly- 


Following the cue given bv Knapp sis of silicate minerals, growth of capil- 
(1941, p. 255), we recognize that lary films at grain contacts, thermally 
“fundamentally, erosion is a mcchani- induced expansion and contraction, re- 
cal process, whose vital components are actions between acids and mineral crys- 
the forces which cause erosion, those tals, direct solution, and growth of ice 
which resist it, and the resulting motion or salt crystals arc all processes tending 
of tlie eroded material.” We add to this to reduce the strength of the soil and 
the concept of a natural slope as an rock. The forces responsible for them 
open dynamic system tending to a are not related to the gravitational field 
steady state (Strahler, 1952^7, pp. 934— but are of the general group of inter- 
35), A slope plot of unit width and of molecular or interatomic forces. 


any desired segment of the length be- Forces of resistance to entrainment 
tween the limits of a drainage divide include intergrain friction in the coarse 
and the axial stream channel at the base sediments (proportional to the compo- 
is considered to form the open system, nent of gravitational force normal to 
Water and rock waste pass through the the surface), capillary film cohesion in 
system in one general direction only silts and clays, and forces of intercrystal 
(downslope, or vertically downward), cohesion in rocks. Breaking, or shear- 
Addfd to by direct precipitation and by ing, resistance of plant roots and stems 
rock disintegration at all points in the and of organic litter is a major force 
system, the water and debris thus pro- and differs from the inorganic forces in 
ceed euinulatively to the line of dis- being continually restored through 
charge at the slope base. When the sys- photosynthesis and conversion of solar 
tern has achieved a steady state of oper- energy. Equivalent to a resistive force 
ation, the rates at which materials enter, is capacity of the soil to transmit pre¬ 
pass through, and leave the system be- cipitation through the surface to the 
come constant, or independent of time, ground-water system and thus to re- 
and the form of the syste^m is stabilized, duce or prevent the accumulation of 
The nature of this steady state is de- surface runoff. This type of “resistance” 
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IS analogous to a fighter side-stepping 
a blow and letting it go harmlessly 
past. Volcanic cinders and permeable 
coarse sands may prove surprisingly re¬ 
sistant to sheet erosion simply because 
runoff cannot form. 

We may say, then, that there exist 
two major groups of opposed forces: 
those which tend to produce movement 
or shear and those which tend to resist 
movement or shear. These may be 
formed into a dimensionless ratio with 
resistive forces in the denominator. 
Where this force ratio exceeds unity, 
entrainment will set in, and, in gen¬ 
eral, the higher the ratio, the more 
rapid will be the rate of erosion. 

Horton (1945, p. 319) has cited the 
DuBoys formula as a rational expres¬ 
sion relating the eroding force to slope 
and to depth of runoff: 

F = wd sin a , (1) 

where F is force per unit area (stress) 
exerted parallel with the soil surface; iv 
is the specific weight of water (weight 
per unit volume); d is depth of over¬ 
land flow; and a is angle of slope. 
Horton (ibid., p. 320) sums the forces 
of resistance to erosion in the term 
"resistivity,” Ri, expressed in pounds 
per square foot of surface. He assigns 
to Ri values ranging from .05 on newly 
cultivated bare soil to as high as 0.5 for 
well-developed grass sod. He observes 
that erosion will not occur on a slope 
unless the available eroding force ex¬ 
ceeds the resistance of the soil to ero¬ 
sion (ibid,). 

In addition to the resistivity, Ri, as a 
measure of susceptibility of a surface to 
erosion, Horton (ibid., p. 324) intro¬ 
duces an "erosion proportionality fac- 
tor,” k„ which we shall define as mass 
rate of removal per unit area divided 
by force per unit area: 



where Cr is mass of soil renu 
unit time per unit area and F is . 
force per unit area. Horton n 
depth of soil erosion in inches per ^ 
whereas, for reasons which will he ii; 
parent later, it is here defined as j:; 
removed per unit time per unit ai 
With terms as defined above, the pvu 
portionality factor has the dimen:, ioiis 
of inverse of velocity. The proportion¬ 
ality factor is the ratio between the 
erosion rate and the eroding force being 
applied to produce that rate and will 
increase in value as susceptibility of 
the surface to erosion increases. Re¬ 
sistivity, by contrast, will decrease in 
value when susceptibility to erosion in¬ 
creases. 

If eroding force is proportional to 
both depth and sine of slope angle, as 
the DuBoys formula requires, and if we 
assume for the moment that a particu¬ 
lar surface plot has a fixed slope, then 
the next step in our analysis is to con¬ 
sider what factors control depth of run¬ 
off. Depth of overland flow may be 
related to runoff intensity and slope 
length, for a plot of unit width, by the 
following dimensionally correct equa¬ 
tion (ibid., p. 309): 


where d is depth of flow; a is a dimen¬ 
sionless numerical constant; L is length 
of slope; Qg is runoff intensity, defined 
as volume rate of flow per unit area; 
and V is average velocity of flow. 

From this equation we see that depth 
of overland flow will increase directly 
with both length of slope and runoff in¬ 
tensity but is inversely proportional to 
the velocity. We shall therefore wish to 
transfer our attention to the term Qg, 
because this is most directly related to 
precipitation intensity. 

The empirical Manning formula 
states that 

n 


( 2 ) 


(4) 
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1 . R tc hv- that runofiE can occur only when prc- 

where V is mean veloci \, p-uiva- cipitation rate exceeds infiltration rate 

£”11 S’ S°w. Sof ’equ-Hon 

(3); S is slope, measured as tangent of 

\ ' <■ ■*■ /1 t _the !• \ f r r \ —A'/ /'7\ 


slope here (but approximately the 
same as sine of slope for angles up to 
15°); n is Manning’s roughness num¬ 
ber- and b is a numerical constant. 
Horton (ibid., pp. 309-10) shows that 
bv simple substitution of the value of 


J= fc. + (/o-A)-^'^ , (7) 

where f is infiltration rate at a given 
time, t; fc is constant infiltration rate 
approached with time; A is initial infil¬ 
tration rate; and K is a numerical con- 


by simple sudsuiuliuh ua luv. ------ 

V from the Manning equation (4) into stant. The sharp drop-off in infiltration 


equation (3) and by combining slope, 
the Manning number, slope length, and 


rate, described in equation (7) as ex¬ 
ponential, is well known from field ob- 


tne ivianniiig uuhilici, 

the numerical constants into one con- servations (Sherman and Musgrave, 
_1. V mot/ V»p» 1 QaO rt 947'l TTVi#* f-^arm •/ V»ac 


Stant, runoff intensity may be ex 
pressed as a function of depth by 

Q„ = K,(l^-^. (5) 


1949, p. 247). The term fc has been 
shown to vary considerably with dif¬ 
ferent surface conditions of the same 
soil and is a maior factor in determin¬ 


Although this relationship applies to 
turbulent flow only, it has been general¬ 
ized by Horton to include laminar and 
mixed flow by a simple power function 
of depth: 

( 6 ) 

where m is an exponent which has the 
value 5/3 only for turbulent flow. Hor¬ 
ton (ibid., p. 311) found that the 
power function agrees remarkably well 
with values obtained from experi¬ 
mental plots: the values of rn ranged 
between 1.0 and 2.0. 

Continuing the chain of analysis, 
consider next what factors determine 
the magnitude of runoff intensity, Qa- 
Expressed as discharge per unit area of 
ground surface, Qg is dimensionally the 
same as precipitation intensity, I; both 
are independent of total surface area of 
the given plot or watershed. If no rain¬ 
fall NN f'i e lost through infiltration and 
evapoiM n, intensities of runoff and 


ing whether or not rapid erosion will 
occur under a given precipitation regi¬ 
men. Whereas rainfall intensity rarely 
exceeds infiltration capacity in undis¬ 
turbed soils under dense forest cover 
and surface litter, it does so readily on 
bare soils whose infiltration capacity 
has been greatly reduced by rain-beat 
or livestock trampling. A prime cause of 
man-induced accelerated soil erosion is 
therefore the reduction in permanent 
infiltration capacity, because man has 
no control over the other variable, pre¬ 
cipitation intensity, which also deter¬ 
mines runoff intensity, or over slope 
(unless by terracing), which, along with 
runoff intensity, determines eroding 
force. 

If, as the foregoing discussion has 
indicated, the rate at which erosion 
proceeds depends upon susceptibility 
of. the surface to erosion, expressed as 
the erosion proportionality factor, fc«; 
upon the runoff intensity, deter- 


precipitiitipn would be equal. Neglect- mined, in turn, by ratio of precipitation 
ing evap ) .aion and other losses, the intensity to infiltration capacity; and 
principal loss with which we are con- upon the slope of the ground surface, 
cemed is infiltration, expressed also in S, we may conveniently combine these 
the velocity dimension, length (depth) three terms into one dimensionless 


per unit time. Horton's (ibid., pp. 306- product: 
9) infiltration theory of ninoff states 


A H — Qs keS . 


( 8 ) 
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I propose that the number be des- 
;anated the Horton number, after the 
investigator who contributed so exten¬ 
sively to the research on erosion and 
sTirface runoff. 

Although the Horton number has not 
been quantitatively investigated, this 
appears feasible and will lead to a 
series of numbers summarizing the 
erosional qualities of given regions. To 
obtain kg, measurements of sediment 
yield will supply values of the term Cr 
in equation (2); the eroding force, F, 
may be estimated from the DuBoys 
formula, which requires data on runoff 
depth and slope. Runoff intensity can 
be measured directly from field installa¬ 
tions, but a representative value must 
be stated in terms of storms of a partic¬ 
ular intensity. Slope may be generalized 
for a given watershed by a mean slope 
or similar statistic derived from slope 
maps or random slope sampling by 
methods discussed elsewhere (Strahler, 
1956h). We might anticipate that the 
observed range of the Horton number 
would show a critical value, analogous 
to the critical value of the Reynolds 
number, above which severe erosion 
would set in. 

RELATION OF SLOPE EROSION TO TOTAL 
DRAINAGE BASIN MORPHOLOGY 

In the preceding discussion slope ero¬ 
sion was considered as operating on a 
patch of ground, or slope plot, regarded 
as an open system within arbitrary 
boundaries. To satisfy the geomorphol¬ 
ogist, this scope should be expanded to 
treat all the surface of a complete drain¬ 
age basin lying within the limits of the 
watershed and terminated at the lower 
end by a stream channel through which 
all water and rock waste is discharged. 
The question now is: What does man- 
induced, accelerated sheet erosion and 
gullying mean in terms of the adjust¬ 
ment of the drainage-basin morphology 
to a steady state of operation? 
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A concept of the drainage basi r: . . a 
natural open system whose geomctT- r'.J 
form is delicately adjusted under nor 
mal, or prevailing, geological and cli¬ 
matic conditions to maintain a steady 
state of operation was adapted by the 
writer (Strahler, 1950, p. 676) from 
analogous biological systems described 
by Bertalanffy (1950). Attempts to de¬ 
termine the characteristic hypsometric 
curves and integrals of basins in the 
steady state have been carried out 
(Strahler, 1952b). Further studies of 
the nature of slope frequency distribu¬ 
tions over an entire drainage basin 
(Strahler, 1956b) have added to exist¬ 
ing knowledge on the characteristic 
morphology. All these studies are based 
upon Horton’s (1945, pp. 281-82) the¬ 
ory that drainage systems can be an¬ 
alyzed according to a system of orders 
of magnitude of the channel branches 
and that certain exponential laws of di¬ 
mensional increase relative to increase 
in order of magnitude are observed. 
Fundamental to such a treatment is the 
concept of the first-order drainage ba¬ 
sin, or unit basin, which may be likened 
to the ceil in living organisms. The first- 
order basin is defined as that basin con¬ 
tributing directly to a permanently sit¬ 
uated fingertip stream channel to the 
downstream point where this channel 
joins with another permanent channel, 
whether of similar order or larger. The 
first-order basin is usually elliptical or 
ovate in outline. 

The principal distinction between 
any two first-order basins taken from 
each of two regions differing in climate, 
vegetative cover, underlying lithology, 
and relief is in dimensions. Basin out¬ 
lines and general surface forms are 
often surprisingly similar despite great 
inequalities in scale. While there are 
various ways in which scale of a basin 
can be stated, the most valuable gen¬ 
eral scale index has proved to be drain¬ 
age density. Da, defined by Horton 
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( ibid,, p. 283) as total length of stream 
channels divided by total area, or 

where Sfj represents the summation of 
all channel lengths in miles and A is 
the area in square miles. Drainage den- 
.sity thus has the dimensions of inverse 
of length and increases in value as the 
channel network becomes finer in tex¬ 
ture with channels closer together. Be¬ 
cause of its dimensional quality, a lin¬ 
ear scale must be specified; Horton 
used miles, and this unit has subse¬ 
quently bc('n adopted. Observed drain¬ 
age density values range from as small 
as 2—3 miles per square mile in regions 
of massive sandstones to as high as 
500-1,000 or more for badlands in weak 
clays. 

Our problem now will be to tie to¬ 
gether the principles of erosion with 
drainage density, which is an index of 
the scale of the basic landform units. 
Kroin this we may be able to secure 
sonje insight into the fundamental 
in(‘aning of accelerated erosion. 

First of all, there are rational 
grounds, substantiated by field observa¬ 
tion, for supposing that drainage den¬ 
sity is a function of several variables 
alrt'ady shown to be factors controlling 
tlu^ intensity of the slope-erosion proc¬ 
ess. prevailingly high values of 

drainagt^ density in regions underlain 
by irupeiN ious clays and marls, in con¬ 
trast to density on more permeable 
rocks, is clearly seen where the diflFer- 
ing :o.vk types lie adjacent to one an¬ 
other !>ut at essentially the same level, 
undcj St ntially the same vegetative 
cover, 1, subject to the same previous 
geolog}V 1 1 story. This leads us to con¬ 
clude tb,;: drainage density would be 
an inert (Miig function of runoff inten¬ 
sity, Q, 

The strikiiig contrast in drainage den¬ 
sities wheat rocks of differing strength 
are exposed side by side is well known 


to all geomorphologists. Clays and 
marls invariably form fine-textured bad¬ 
lands in contrast to large, full-bodied 
slope forms of such dense hard rocks as 
sandstone and limestone. This we can 
attribute to differences in resistivity to 
erosion or, inversely, to the erosion pro¬ 
portionality factor, kc. 

Slope is also considered by geomor¬ 
phologists to be an independent vari¬ 
able in controlling drainage density, al¬ 
though this is difficult to confirm by 
observation. The presumption is that, 
in regions of steep slope, channel gradi¬ 
ents will also be steeper and hence that 
first-order streams can persist with 
smaller watershed areas than are re¬ 
quired by a system of lower gradients. 
It is true that the highest drainage den¬ 
sities are recorded in badlands, and 
these are regions of excessively steep 
slope. 

Relief, or average difference in ele¬ 
vation between divides and adjacent 
channels, is a scale factor which may 
vary independently of cither drainage 
demsity or average slope. It is intro¬ 
duced here to give a characteristic ver¬ 
tical dimension to the drainage basin, 
analogous with channel depth or hy¬ 
draulic radius in a stream channel. In 
general, it seems reasonable to suppose 
that regions of high relief are subjected 
to more intensive rates of erosion than 
are regions of low relief, because the 
potential energy of the former system 
will be higher and will tend to produce 
steeper ground slopes and channel gra¬ 
dients. 

yVe are now prepared to introduce 
the following general equation showing 
the several variables of which drainage 
density is a function: 

A/=0((>,, k,, .S’, g) . (10) 

Definitions of the terms and dimen¬ 
sional analysis of each are given in 
Table 25. Kinematic viscosity of the 
runoflF, v, is added as a significant prop¬ 
erty of a system operated by hydraulic 
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flow. Acceleration of gravity, g, is in¬ 
troduced as the force field within which 
the entire hydraulic system operates. 

By means of the Buckingham Pi The¬ 
orem we may combine the variables in 
equation (10) into a set of dimension¬ 
less groups. Mathematical details of this 
procedure are presented elsewhere 
(Strahler, 1956a), and it must suffice 
here to give the final result only, which 
is a function containing four groups: 

( 11 ) 


the Reynolds number in which relief, 
H. is the representative length dimen¬ 
sion of the system and Qg is the veloc¬ 
ity term. The fourth group, Qg/Hg, is 
recognizable as a form of the Froude 
number. These last two numbers, while 
not the subjects of immediate concern 
in this discussion, are of prime impor¬ 
tance in considerations of dynamic sim¬ 
ilarity of drainage systems of various 
scales (Strahler, 1956a). 

Having decided that drainage den¬ 
sity is a function of the various ele¬ 
ments comprising the dimensionless 


TABLE *.5 


Dimensions of Variables in Drainage Density Eouatuin 


Symbol 

Term 

UimenflinnnI cpinlity 

DirnmNional symbol 

Dd . 

Drainage density 
(Horton) 

l/cngth divided by area 

/7/.2=L 1 

Q . 

Hunoff intensity 
(Horton) 

Volume rate of flt)W per unit 
area of cross-section 

//' 7 >//.= •■= L 7 ' 

ke . 

Erosion proport ionalit^' 

Mass rate of removnl per 

M //-2y-V a/l ‘7 


factor (Horton) 

unit area divided by force 
per unit area 


N. 

Slope 

Dimensionless 

O 

H . 

Average relief 

Length 

L 

V . 

Kinematic viscosity of 
fluid 

Absolute viscosity divided 
by density 

L^T > 

9 . 

Acceleration of gravity 

Distance per unic time per 
unit time 

f 7—2 


The first number, is the product 

of drainage density and relief; it is here 
termed the ruggedness number. It gives 
a measure of over-all ruggedness, be¬ 
cause it increases directly both with re¬ 
lief and with increasing detail of the 
drainage net. The second number, 
QgkgS, is the Horton number, already 
derived in the discussion of dynamics 
of slope erosion, and is the measure of 
over-all intensity of the erosion process. 
The slope term, S, in this product is 
dimensionless and could be added to 
any one of the groups without disturb¬ 
ing their dimensionless quality. Never¬ 
theless, it seems most desirable in the 
Horton number, where the mechani¬ 
cal influence of slope is required. 

The third group, QgpH, is a form of 


groups, we may solve for Dd in equa¬ 
tion (11): 

/). = f (q. KS, Q.pH , . (12) 

This tells us that drainage density is 
inversely proportional to relief times 
some function of the remaining three 
dimensionless groups. To determine this 
function, an extensive program of ex¬ 
perimentation would be required. We 
can, however, now outline the princi¬ 
ples relating accelerated slope erosion 
to the over-all basin morphology. 

The essential point is that accelerated 
erosion in which a gully system is de¬ 
veloped on previously smooth, unchan¬ 
neled slopes is an adjustment of the 









630 Mans Role in Changing 

drainage system toward a higher drain¬ 
age density and a system of steeper 
slopes. When a relatively resistant vege¬ 
tative cover is destroyed and the soil 
over a weak bedrock exposed, two 
changes occur in the Horton number, 
both tending to increase this number: 
the erosion proportionality factor, kf,, is 
greatly increased, which means simply 
that more material is eroded from the 
bare surface by a given runoff depth 
and velocity than in the previous con¬ 
dition of high resistance; and the run¬ 
off intensity, is greatly increased for 
a given precipitation regimen because 
the stripping of the vegetative cover 
leaves the soil susceptible to direct rain- 
beat, wtiieh sepals the surface openings 
and reduces infiltration rates. Addi¬ 
tional bieakdown of the soil structure 
by man or animals may further reduce 
infiltration capacity. 

We must assume that the relations 
between increased sediment load en¬ 
trained and increased overland flow are 
such that the flow at points where it is 
concentrated by favorable undulations 
of slope is capable of deep scour and 
begins to carve a gully, which is actu¬ 
ally an extension of the stream-channel 
system and is the means by which 
drainage density is increased. As gul¬ 
lies are deepened and ramified, a sys¬ 
tem of steep slopes is formed, and these 
quickly replace the original surface. 

The rising grade of the newly formed 
channels lowers the relief, where this 
relief is measured from channel to im¬ 
mediately adjacent divide. Each gully 
end now becomes a new first-order 
stream segment, and the slopes drain¬ 
ing into it are molded into new, small, 
first-order drainage basins. Presumably, 
the newly formed system would now 
achieve a new steady state of operation, 
which would persist as long as the 
ground surface continued to be barren 
and the physical quality of the material 
beneath the surface remained un¬ 
changed. Neither of these qualifica- 
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tions would be likely to be met for long 
in the humid regions of the eastern 
United States. Removal of the layer of 
weathered rock, even though thick, 
would in most places expose a more re¬ 
sistant bedrock. Vegetation would prob¬ 
ably take hold long before the steady 
state could be achieved. 

An interesting case illustrating the 
drainage-density adjustment theory of 
severe slope erosion is the Ducktown, 
Tennessee, locality (Fig. 123). Here 
the long-continued production of nox¬ 
ious fumes has prevented the lecovery 
of vegetation and allowed the develop¬ 
ment of a nearly complete erosional 
topography in a stage that would be 
termed “mature” by the geomorpholo- 
gist. 

In general, it may be noted that se¬ 
vere erosion leading to extensive gully¬ 
ing can be expected in any jegion 
where the contrast in resistivity of a 
vegetated surface and a barren surface 
is great, because the low-resistivity sur¬ 
face will demand a high drainage den¬ 
sity and because the erosion system will 
“take” such measures as it “needs” to 
adjust its morphology to a new steady 
state. Where difference in surface re¬ 
sistivity before and after surface den¬ 
udation is not so marked and there is 
introduced only a small increase in run¬ 
off intensity, we may expect the upper¬ 
most ends of existing stream channels 
to be increased in length but with only 
limited occurrence of new gullies on 
side slopes. 

DYNAMICS OF AGGRADATION 

In the introductory definition aggra¬ 
dation was considered to take two basic 
forms: (I) slope-wash, or colluvial, 
deposition and (2) channel deposition 
and associated valley-bottom deposits. 
In both cases the dynamics are funda¬ 
mentally similar. The problem is to ex¬ 
plain why a sheet or stream of water 
engaged in bed-load transport should 
on the average drop more particles than 
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it picks up from a given area of the bed 
and therefore raise the level of its bed. 
We assume that, if the transportation 
system is in a steady state of operation, 
it would neither aggrade nor degrade 
but would transport the load supplied 
to it through the system without 


changes in vertical position of the bed 
and without changes in transverse form 
of the bed oi channel. This steady state 
is essentially the same as the state o{ 
operation of a graded stream with an 
equilibrium profile, to use the geomor¬ 
phologists' conventional terminology. 



Fig. 123.—Severe erosion near Ducktown, Tennessee. Complete denudation of vegetation has 
been followed by transformation to a morphology characterized by high drainage density and 
steep slopes. 
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The occurrence of persisleiit aggrada¬ 
tion is itself primary evidence of a 
change in the factors whose balance 
determines a steady state and is a mani¬ 
festation of the self-adjustment of any 
open dynamic system to restore a steady 
state. If raising the' height of the bed 
alone were in\ <»l\’ed— that is to say, 
merely lifting tlie entire profile by ad¬ 
dition of a constant increment at all 
points—the operation of the system 
would not be appreciably afiPected in a 
short period of time. Instead, the ag¬ 
gradation must be viewed as increasing 
in depth upstream or downstream to 
produce a wedgelike deposit which in¬ 
creases or decreases the slope of the 
bed and therefore influences the veloc¬ 
ity of flow and hence also the ability of 
the stream to transport. Only by pro¬ 
ducing changes in slope can aggrada¬ 
tion restore a steady state of operation. 
Upstream increase in depth of aggrada¬ 
tion is the characteristic change in flu¬ 
vial systems, and we may say that ag¬ 
gradation is generally associated with 
increase in slope of the fluvial system. 
Reduction of slope may conceivably be 
accomplished for a short period by 
downstream increase in depth of aggra¬ 
dation but requires the special case of 
introduction of a raised or rising base 
level in the path of the flow (Mackin, 
1948, pp. 496-97). As a general rule, in 
the absence of such base-level changes, 
reduction of slope is accomplished by 
erosional reduction of the bed, the 
depth of removal increasing upstream 
to yit4d a wedge of removal which 
thickens upstream. 

the bed-load capacity for a 
give: size grade and the competence 
(abilit\ to move, stated in terms of par¬ 
ticle si/f) are functions of bed veloc¬ 
ity, which in a general way varies with 
mean \'(’locity in a stream (Gilbert, 
1914). Aggradation can thus be initi¬ 
ated by a reduced velocity of flow, and 
we shall need to inquire into those ex¬ 
ternal changes which may on the aver¬ 


age substantially reduce the velocity of 
flow, both overland and in channels. 
One such change is reduction of dis¬ 
charge, which, through a decrease in 
depth of flow, reduces velocity. Reduc¬ 
tion in magnitude of flood discharges 
may be general over an entire water¬ 
shed through climatic change in which 
runoff-producing rains of given high in¬ 
tensities become less frequent. Aggra¬ 
dation reflects not so much the inability 
of reduced discharges to keep the chan¬ 
nel cleared of debris as it does a steep¬ 
ening of gradient undertaken by the 
system to restore its transporting abil¬ 
ity and to restore a steady state of op¬ 
eration on a reduced budget of dis¬ 
charge. Loss of discharge by influent 
seepage through the stream bed and by 
evaporation is important in lower 
reaches of channels and on fans in the 
dry climates. Progressive loss of stream 
discharge by increasing diversion of 
flow to underground solution channels 
is important in limestone regions 
(Strahler, 1944) and is accompanied 
by aggradation in valley floors. An im¬ 
provement in infiltration capacity on 
watershed surfaces would also tend to 
reduce peak discharges and hence 
might seem to be a cause of aggrada¬ 
tion, but, because this is normally part 
of a sequence of events in which vege¬ 
tation becomes more dense and conse¬ 
quently holds back sediment load, it is 
generally followed by channel erosion 
rather than aggradation. 

Excessive decrease of slope of the 
stream bed or ground surface in the 
downstream direction is a second cause 
of velocity reduction. The concavity 
commonly present at the base of a val¬ 
ley-side slope provides a continually 
lessening declivity over which sedi- 
ment-ladened sheet flow must pass. 
Deposition of sediment in this zone is 
easily attributed to the decrease in ve¬ 
locity forced by the decrease in slope, 
but in terms of open-system dynamics 
it would be more meaningful to say 
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that the aggradation is an attempt to 
steepen the slope to the point where 
increased velocity will permit the sedi¬ 
ment to be transported across the slope 
with no further aggradation. 

In a channel the downstream de¬ 
crease in slope, which is approximately 
of a negative exponential form, may be 
delicately adjusted for a steady state of 
operation under a given regimen of cli¬ 
mate and watershed characteristics. If 
discharge is reduced, this slope will 
prove to be insufficient. Aggradation 
will provide the means of steepening 
the stream slope, thereby increasing its 
transporting power, and consequently 
will tend to restore a steady state in 
which the debris is carried through the 
entire system on a fixed grade. 

Quite apart from changes in velocity 
of flow, the load itself is the fundamen¬ 
tal independent variable to which the 
stream slope is appropriately adjusted 
when a steady state of transportation 
exists. Necessity for aggradation which 
will steepen the slope is brought about 
either by (1) an increased rate of sup¬ 
ply of debris of a given size distribu¬ 
tion (because the capacity for bed-load 
transport is limited) or by (2) an in¬ 
crease in coarseness of the debris (be¬ 
cause the competence is also limited). 
Assuming that the overland flow and 
channel flow are adjusted to transport 
a given quantity of debris of a given 
coarseness per unit time, an increase in 
either the quantity or the coarseness 
will require that the flow be adjusted 
to supply greater transporting ability. 
This can be done only by an increase 
of slope through aggradation. Normally, 
the depletion of watershed vegetative 
cover accompanied by cultivation or 
other disturbance of surface will simul¬ 
taneously increase not only the quan¬ 
tity of debris but also its mean grain 
size. 

Discharge and load are not normally 
varied independently of each other. 
The same depletion of vegetative cover 


that causes greater quantity and ^ 1 
caliber of load will also be expc c ■ ^ s 

be associated with reduced infiltrati m 
capacity of the soil, and this in Iuik 
yields greater peak runoff and stream 
discharge. What is of prime importancx 
is therefore the ratio between load and 
discharge. In general, an excessively 
high load-to-discharge ratio will be met 
with aggradation and steepening of 
slope; a low ratio, with scour of the bed 
and lowering of the slope. Whereas ac¬ 
celerated sheet erosion with severe gul¬ 
lying of slopes is most commonly asso¬ 
ciated with aggradation in valley floors, 
this would not necessarily have to be 
so in all cases. If the acquisition of de¬ 
bris by the runoff did not continue to 
excess in the downstream direction not 
only might there be no aggradation 
down the valley but erosional deepen¬ 
ing of the entire drainage system (di¬ 
minishing of course to zero at the 
mouth) might conceivably result. 

Velocity may be reduced independ¬ 
ently of changes in discharge and load 
by deterioration in the efficiency of the 
channel form and by increase in the ir¬ 
regularity of the bed (Mackin, 1948, 
pp. 487, 504). In the case of overland 
flow on slopes, or of subdivided flow 
over alluvial fans and alluvial valley 
flats, the development of a cover of 
grass or small bushy shrubs will be ex¬ 
pected to retard the flow appreciably 
and to cause the velocity drop neces¬ 
sary to produce aggradation. While this 
effect may be deemed beneficial on hill¬ 
side and valley-side slopes, where re¬ 
tardation of sediment movement is de¬ 
sired, it forms part of a vicious cycle in 
aggradation or valley bottoms, as de¬ 
scribed below. 

In streams, deterioration of channel 
efficiency may be expected to reduce 
velocity and bring on aggradation at 
increased rates. Assuming first that a 
marked increase in bed load relative to 
discharge has caused rapid aggradation 
in the channel of a stream, the build- 
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ing of sand and gravel bars will be ex¬ 
pected to decrease the depth of flow at 
the same time that the channel is broad¬ 
ened or actually subdivided. Leopold 
and Maddock (1953, p. 29) point out 
that an alluvial channel which is broad 
and shallow probably carries a rela¬ 
tively large bed load. A steep slope 
would, however, be required in com¬ 
pensation for reduced depth. The tem¬ 
porary loss of transporting power would 
be expected to intensify the rate of ag¬ 
gradation still further and to set off a 
vicious cycle wherein the flow spreads 
over the banks and is distributed over 
the entire valley floor. The rapid forma¬ 
tion of channel-plug deposits with up¬ 
stream sediment accumulation and over¬ 
bank spreading has been described by 
Happ et al, (1940, pp. 71-73, 94-95). 
In the absence of a deep, strongly 
scoured channel in the valley axis vege¬ 
tation can take hold, further impeding 
the flow and at the same time increas¬ 
ing the resistance of the valley floor to 
scour. Eventually, however, the valley- 
floor slope is built up by aggradation 
to the point where an unusual flood, 
deficient in bed load, can quickly incise 
the alluvium and initiate cutting of a 
relatively narrow, deep channel requir¬ 
ing a lower slope. That such cycles of 
aggradation and trenching are the nor¬ 
mal deviations from a uniformly main¬ 
tained steady state of operation in a 
semiarid environment has been under 
a)nsideration by geomorphologists for 
many years, one of the earliest discus¬ 
sions being by McGee (1891), who in- 
trodm ed the term ‘Varigradation” for 
norin il development of alluvial accu- 
miilaiM jis in the course of a stream. 

Tht ](? of man in such cycles of ag- 
gradati i and intrenchment may prove, 
most r.i nially viewed, to be one of 
setting cu dianges that might otherwise 
be long d{ laved and of intensifying the 
extremes o{ the cycle. Deforestation, 
cultivation, or overgrazing might be ex¬ 
pected to increase the load so greatly 


in relation to discharge as to force 
channel aggradation and initiate the ag¬ 
gradation cycle. In humid regions re¬ 
sponsibility for such aggradations seems 
to rest almost solely upon man; in semi¬ 
arid regions the responsibility is less 
clearly his. By the reasoning invoked 
above, trenching of alluvial fills to pro¬ 
duce narrow arroyos is a reflection of 
either increased discharge or reduced 
bed load, or a reduction in ratio of load 
to discharge, and is thus the diametric 
opposite of the change invoked to ex¬ 
plain aggradation. Under these circum¬ 
stances it is difficult to accept the blan¬ 
ket explanation of man-induced deple¬ 
tion of vegetative cover to account for 
valley aggradation in one part of the 
country and for valley incision in an¬ 
other part. 

Another aspect of aggradation dy¬ 
namics deals with textural differences 
between parent-material and aggraded 
products. In general, the slope-wash 
and valley alluvium produced in the 
aggradational cycle will be the coarser 
fraction of the parent-material from 
which the fine clays and silts, readily 
carried in suspension to distant down¬ 
stream points, have been sorted. The 
initial erosion velocity required to en¬ 
train the fine-grained materials is great, 
because of initial cohesion. Once in sus¬ 
pension, however, they remain in mo¬ 
tion at relatively low velocities and will 
settle out only in reservoirs or lakes or 
when flocculated in contact with sea 
water. This accounts for the coarseness 
of aggradational deposits formed as 
aprons at the base of valley-side slopes 
and in the floors of the smaller stream 
valleys. Happ et al. (1940, pp. 86-88) 
state that sand or coarser sediment 
causes most of the sediment damage to 
valley agricultural land. 

RELATION OF AGGRADATION TO TOTAL 
DRAINAGE-BASIN MORPHOLOGY 

In a previous section of this paper 
dealing with relation of slope erosion 
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to total drainage-basin morphology the shall now attempt to integiatt 
principle was developed that, when se- general theory of drainage-basi; 
vere erosion accompanied by gullying formation the occurrence of aggra. 
sets in, following breakdown of initial of the channel and valley ftoor ov \ 
surface resistivity and reduction of in- main stream. Such a development i. 
filtration capacity, the channel system lustrated in Figure 124, represents 
is undergoing a change from low- to the case where severe slope erosion ; 
high-drainage density. Streams are concomitant with channel aggradation 
lengthening and are increasing greatly Tlie drainage basin outlined reprt- 
in number by development of new sents a single unit, or first-order basin, 
branches. Slopes are being steepened prior to the induced modifications. It 
and at the same time greatly shortened has one axial channel without branches, 
in length from divide to channel. We The slopes are long and smooth from 



Fig. 124.—Drainage-basin transformation from low to high drainage density. Severe gullying 
and badland development on .slopes accompanied by aggradation in main valley axis. Profiles 
show that channel gradient and slope gradient are both increased by tlie transformation. 
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divide to channel, although ephemeral 
shoestring rills may from time to time 
be carved on these slopes by unusual 
storms and subsequently rehealed. With 
the onset of severe erosion, a greatly 
ramified drainage network develops, 
with a large number of new first-order 
basins of small size replacing the sin¬ 
gle large basin. This is strikingly illus¬ 
trated in the Ducktown, Tennessee, lo¬ 
cality shown in Figure 125. The chan- 


cause the ratio of load to discharge has 
increased during this development, the 
slope of the channel of the main axial 
stream will have from the beginning re¬ 
quired steepening, and this will take 
the form of coalescent fans built out 
from the base of each new gully into 
the floor of the main valley {ibid., p. 
92). This aggradation will be extended 
down the valley as a wedge until the 
entire gradient is steepened to allow 



Pig. 125.—Transformation of slopes by severe erosion near Ducktown, Tennessee, 1949. Smooth, 
slopes are being transformed by an extended channel network into regions of 
short, steep, bare slopes. 


m is arc extended headward into sur¬ 
faces previously part of the smooth 
slopes. The new channel system trans¬ 
ports ijveater quantities of debris, in- 
cluciin^ coarser material than formerly, 
because ilie increased proportion of sur¬ 
face riinoft^ greatly increases the trans¬ 
porting capacity of the system at the 
same time that the resistivity of the sur¬ 
face has hvvn greatly reduced, and the 
load is more easily entrained by the 
runoff. As the gully incision progresses, 
more and more of the surface is trans¬ 
formed into steep badland slopes. Be- 


discharge of the load through the sys¬ 
tem and out the mouth. At this point in 
time a stabilized, or equilibrium, profile 
is produced. If conditions of precipita¬ 
tion and surface resistivity remained 
constant thereafter, the only further 
change would be a slow lowering in ele¬ 
vation of the entire system as required 
by removal of the landmass. In time the 
aggraded material would be trenched 
and dissected, eventually to disappear 
from the entire basin. 

The transformation outlined above 
would represent an extreme case, com- 
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parable to change from landforms ap¬ 
propriate to humid climates with dense 
vegetative cover to badland forms in 
semiarid regions. We might suppose 
that moderate changes in resistivity of 
surface or in rainfall regimen would 
bring about correspondingly moderate 
changes in drainage density and that in 
some cases the growth of new channels 
and aggradation of the main valley floor 
would be observable only from careful 
observations of long duration. 

CONCLUSION 

The principal objective of this dis¬ 
cussion has been to attempt to develop 
certain rational, qualitative principles 
of land erosion and aggradation in 
which the phenomena observed by en¬ 
gineers studying soil erosion and sedi¬ 
mentation on small plots of ground or 


on limited reaches of streams are re¬ 
lated to a general geomorphological 
theory based upon consideration of an 
entire drainage basin as an open sys¬ 
tem tending to achieve a steady state 
of operation but responding by erosion 
and aggradation when the steady state 
is upset by man’s treatment of the land 
or by natural changes in physical en¬ 
vironment. Perhaps such a theory relat¬ 
ing all parts of a fluvial system, if 
proved sound, will permit more accu¬ 
rate prediction of the downstream con¬ 
sequences which may be expected from 
changes in watershed conditions. Per¬ 
haps, also, such a theory will help to 
resolve some of the seemingly anoma¬ 
lous cause-and-effect relationships 
among erosion, aggradation, land use, 
and climatic change in the semiarid 
grazing lands of the West. 
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Land Use and Sediment Yield 


LUNA B. LEOPOLD' 


INTOODIJCTION 

When the vegetal cover is removed 
from a land surface, the rate of removal 
of the soil material, at least initially, in¬ 
creases rapidly. So well known is this 
principle that it hardly needs restate¬ 
ment. 

If attention is focused on any indi¬ 
vidual drainage basin in its natural 
state, large or small, and inquiry is 
made as to the rate of denudation, a 
quantitative answer is not easily ob¬ 
tained. The possible error in any com¬ 
putation of rate of sediment produc¬ 
tion from any given drainage basin is 
considerable. Significant variations are 
found in sediment yields from closely 
adjacent watersheds which appear to 
be generally similar. To make a quanti¬ 
tative evaluation of the change in the 
rate of denudation when the natural 
vegetation is disturbed is, therefore, 
even more difficult. Considering the 
fact that ‘'soil conservation” has been 
promoted to the status of a science, 
our lack of ability to answer what is 
apparently so simple a question may 
seem surprising. Let us look at some of 
the reasons. 

* Dr. Leopold is a Hydraulic Engineer in 
the United States Geological Survey, Wash¬ 
ington 25, D.C. He was formerly Head (1946- 
49) of the Department of Meteorology in the 
Pineapple Research Institute and Experiment 
Station of the Hawaiian Sugar Planters' Asso¬ 
ciation, Honolulu, Hawaii. His publications 
include (with Thomas Maddock, Jr.): The 
Hydraulic Geometry of Stream Channels and 
Some Physiographic Implications, 1953, and 
The Flood Control Controversy, 1954. 


XIKTHODS OF MFAStJRING EROSION RATE 

Sheet erosion cannot be accurately 
measured by observing directly the 
gradual lowering of the ground ele¬ 
vation as a function of time. The lower¬ 
ing is not areally uniform; on a micro¬ 
scale, erosion here is ofiFset by deposi¬ 
tion there. The process is slow in terms 
of a man’s span, even in a badland 
area (King and Melin, 1955). To judge 
the amount of erosion in terms of loss 
of a certain portion of a complete soil 
profile supposed to have originally 
existed is crude at best (though widely 
employed) and hardly satisfies the de¬ 
sire for an objective, quantitative 
measure. 

To measure rate of degradation of a 
landscape by gully erosion through 
computation of the volume of the gully 
network is possible, though few good 
data exist. But such estimates are 
plagued by the importance of local dep¬ 
osition (temporary storage) of the 
eroded material in fans near the mouth 
of the gully (Hadley, 1954). Further¬ 
more, there is no assurance that at 
least some of the gullies did not exist 
prior to the beginning of the period 
under consideration. Leopold and Mil¬ 
ler (1954) have emphasized that many 
gullies in Wyoming which appear to 
have been formed since the opening of 
the West are in fact at least pre- 
Columbian and may be several thou¬ 
sands of years old. 

It is theoretically possible to estimate 
net rate of removal of soil material 
from a watershed on the basis of the 
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sediment load of the main stream drain¬ 
ing the area. But present techniques 
are adequate to measure only the sus¬ 
pended portion of a stream s load, and 
then only if the material is not coarser 
than sand. There is no practical method 
at present for measuring that part of 
the load moving along or close to the 
bed of the stream. Though the sus¬ 
pended portion of the sediment load 
may constitute three-quarters or more 
of the total debris in many streams, the 
suspended load is still only a portion. 
The load of gravelly streams cannot be 
accurately measured in the channel at 
all. 

The rate of sediment deposition in a 
reservoir 2 *>J'nvides the best measure¬ 
ment of total load and, therefore, of 
average denudation rates. Though 
some suspended sediment does not de¬ 
posit in the reservoir but passes through 
the gates or over the spillway, this spill 
usually can be estimated with an accu¬ 
racy commensurate with that of other 
nec‘<"ssary measurements. Currently, 
some four hundred reservoirs in the 
United States have been surveyed and 
have ranges established for resurvey. 
But this number is hardly adequate to 
describe the diversity of watersheds in 
the river basins of the United States. 
Moreover, reservoir surveys do not fur¬ 
nish information on the relative 
amounts of debris from various parts 
of the basin upstream. 

f^xecllent measurements of rates of 
soil loss are available from experimen¬ 
tal plots and watersheds, but the data 
covt :< only a small fraction of the 
man\ possible combinations of soil 
type. S' yie, and vegetal cover. More¬ 
over, it is very difficult to extrapolate 
froiii the measurements on small areas 
to large natural drainage basins. 

The scope of the available experi¬ 
mental data dealing with the interrela¬ 
tion of ^egetation, soils, rainfall, run¬ 
off, and erosion may be judged from a 
review of federally sponsored research. 


This represents not all, but the major 
portion, of such experimentation. A re¬ 
cent survey (Leopold and Maddock, 
1954) showed that investigations by 
federal agencies included work on 
about 1,700 experimental plots and on 
some 560 natural watersheds, together 
comprising 464 experiments. Of the to¬ 
tal, 86 per cent of the experiments 
dealt with areas of less than 100 acres 
in size. Such experiments provide a 
quantitative measure of the effect of 
particular vegetal changes on sediment 
production only in similar watersheds 
of like size. 

Rate of degradation of a landscape is 
not measured solely by the movement 
of discrete particles of debris, for the 
constituents dissolved in the runoff 
water may be a significant part of the 
whole. Measurements of reservoir 
sediment deposits do not include the 
dissolved fraction. 

Clark (1924) estimated that the an¬ 
nual rate of chemical denudation in the 
United States is approximately 100 tons 
per square mile, though this figure 
needs revision on the basis of new data. 
From fifty representative records of 
sediment yield in the United States, 
chosen by Glymph (1951, Table 1), 
the median value was 900 tons per 
square mile annually. It appears from 
this rough comparison that chemical 
degradation may be of the order of 10 
per cent of the total. In the Wind River 
Basin, Wyoming (Colby et al., 1955), 
the dissolved load of streams constitutes 
about 13 per cent of the total dissolved 
^nd sediment load. It is possible that 
dissolved loads may be more important 
in landscape reduction than indicated 
by Glymph. 

Changes in water quality as a result 
of successive use by irrigation are well 
known, and in the Wind River Basin, 
for example, Colby et al, (1955, p. 192) 
believe that irrigation “is greatly accel¬ 
erating the normal processes of erosion 
and transport of water-soluble minerals 
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from the Wind River formation, allu¬ 
vial terraces, and associated soils.” Such 
effects of human activity generally ap¬ 
ply to only portions of the drainage 
basin. We are forced, however, from 
both lack of data and lack of personal 
knowledge, to restrict the present dis¬ 
cussion to landscape degradation prod¬ 
ucts carried by streams as sediment. 

EFFECT OF HUMAN USE 

The relative extent to which human 
use has increased sediment yield prob 
ably varies inversely with the rate of 
the original yield. This is suggested by 
measurements and appears logical from 
general considerations. Brune’s (1948) 
estimates of increase for areas in the 
north central states are much larger 
than those of Rosa and Tigerman 
(1951) for areas in the Colorado River 
Basin. The eastern edges of the prairie 
and the hardwood associations of the 
upper Mississippi were originally char¬ 
acterized by nearly complete vegetal 
cover, whereas large areas in the West 
and Southwest included badlands, 
poorly vegetated scarps, and generally 
low vegetation density. The well-vege¬ 
tated mountain areas, though contrib¬ 
uting most of the water, comprise only 
a minor part of the total drainage area. 

The prcsettlcment sediment yield of 
drainage basins in the West is particu¬ 
larly difficult to evaluate. The original 
density of vegetation in woodland and 
semidesert shrub association was char¬ 
acteristically low even in presettlement 
times. However, this low density need 
not necessarily be interpreted as coin¬ 
cident with high sediment yield. The 
species composition now extant is often 
quite different from that originally 
found over great areas, even where veg¬ 
etation density has not changed appre¬ 
ciably. Furthermore, in the Southwest 
the relatively good observational record 
of early American exploration came 
only after two centuries of land use by 
the Spanish ( Leopold, 1951). The Span- 
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ish were poor observers of natural his¬ 
tory, and their records are of little us(- 
in reconstructing original conditions. 

There are but few good accounts of 
vegetation as it affects sediment yield 
in areas essentially untouched until 
white exploration. The Lewis and Clark 
journals are among the best. From 
them we learn that the Missouri was 
certainly high in sediment load. But 
even the best expedition accounts do 
not provide a clear picture of where 
the sediment originated. Bank-cutting 
on the Missouri was described as an 
active source, but bank-cutting is usual¬ 
ly a process of sediment-trading—ero¬ 
sion in one place and deposition in 
another. 

Even in Montana, where vegetation 
on the plains areas is generally far more 
dense than that in comparable topog¬ 
raphy of the Southwest, Lewis and 
Clark (Cones, 1893, p. 347) made the 
following observation near the foot of 
the Bear Paw Mountains: 

A high, level, dry, open plain . . . [con- 
.stitutes] the whole country to the foot of 
the mountains. The soil is dark, rich, and 
fertile; yet the grass is by no means so 
luxuriant as might have been expected, 
for it is short and scarcely more than suf¬ 
ficient to cover the ground. There are vast 
quantities of prickly-pears, and myriads of 
grasshoppers. . . . 

In the same place during a rain, they 
observe {ibid., p. 348) that they 

found the bed of a creek 25 yards wide at 
the entrance, with some timber, but no 
water, notwithstanding the rain. It is in¬ 
deed astonishing to observe the vast quan¬ 
tities of water absorbed by the soil of the 
plains, which, being opened in large crev¬ 
ices, presents a fine rich loam. 

A thorough review of the methodol¬ 
ogy and of the results of attempts to 
determine the total sediment yield from 
natural watersheds would be out of 
place in the present discussion. A few 
examples will, however, provide some 
picture of the difficulties involved and 
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the possible order of magnitude of the 
eflFect of human activities on land deg¬ 
radation. 

One technique is illustrated in a 
study by Briine (1948), using primarily 
rates of accumulation of sediment in 
reservoirs. By modifying these results 
with supplemental suspended sediment 
records and experimental data from 
plots and small watersheds, Brune de¬ 
rived figures on the rate of annual sedi¬ 
ment movement from some partieular 
drainage basins of various sizes. It is 
generally recognized that the sediment 
yield is a function of drainage-basin 
size even in an area of relatively uni¬ 
form characteristics. But the figures on 
sediment yield for basins of a given 
size in the Brune study showed a vari¬ 
ation of approximately a hundred 
times between minimum and maximum 
sediment yield. He attempted to relate 
this variation to land use as well as to 
physical characteristics of the individ¬ 
ual basins. The first step was to segre¬ 
gate the data in terms of land use. Three 
categories were used to represent the 
percentage of the drainage area which 
was in cultivation. An adjustment for 
eifect of soil type, degree of slope, 
length of slope, aid type of rotation 
was made on the basis of a somewhat 
suhjc'ctive classification of the whole 
an a into zones chosen to represent 
relative uniformity in respect of these 
variable s. A further step was to apply 
a i.ict(M to the sediment yield to repre¬ 
sent tht‘ iiiean annual runoff. 

On tiu* basis of such analysis, Brune 
sho\\(vl that on the average, for a 
draiiK area of 100 square miles, in 
north < rtitral United States, as an exam¬ 
ple, h;-.. nss within which one-third of 
the tol.ii nea is cultivated or “idle” 
are char.H i ized by a long-term sedi¬ 
ment coiKrntration in runoff equal to 
.015 per nt by weight. He concluded 
that the taaicentration is* increased by 
six and one half times when cultivated 
and “idle” land represents one-third to 


two-thirds of the drainage area. It is 
increased by thirty-five times when 
more than two-thirds of the drainage 
area is cultivated or “idle.” Brune esti¬ 
mated that the present rate of sediment 
production in the Ohio and the Great 
Lakes drainage basins is roughly fifty 
times the geologic norm. He stated 
further (ibid., p. 16) that “in the upper 
Mississippi River drainage basin where 
about 42 per cent of the land is now 
cultivated or idle, the present rate of 
sediment production and erosion is ap¬ 
proximately seventy-five times the geo¬ 
logic norm.” 

Another approach to the problem is 
illustrated in a study by Gottschalk and 
Brune (1950). A multiple correlation 
was used to express the relationship 
between total sediment accumulation in 
a reservoir (considered a dependent 
variable) as a function of net water¬ 
shed area, age of the watershed in 
years, rate of gross erosion, and the 
ratio of reservoir capacity to watershed 
area. The regression is greatly influ¬ 
enced by the value of the parameter 
used to represent the rate of gross ero¬ 
sion. Estimates of this factor were ob¬ 
tained by adding results of two kinds 
of measurements. Gully erosion was de¬ 
termined by field observations, using 
rate of gully development measured on 
successive aerial photographs. Sheet 
erosion was estimated by an empirical 
interrelation among average length of 
slope, average degree of slope, and type 
of cultivation, based principally on the 
results of plot and small-watershed ex¬ 
perimentation . 

The nature of the problem unfortu¬ 
nately necessitates this kind of round¬ 
about analysis. Any studious attempt to 
correlate the many variables is com¬ 
mendable; nevertheless, we should not 
gloss over the fact that the results ob¬ 
tained can be considered nothing bet¬ 
ter than general approximations. 

Still another type of methodology is 
illustrated by the study of Rosa and 
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Tigerinan (1951), who attempted to 
estimate the sediment contribution from 
various portions of the Green and Colo¬ 
rado drainage basins. These workers 
began by restricting their attention to 
surface runoff from storms, separating 
out base flow. The sediment load ob¬ 
tained from daily averages of suspend¬ 
ed sediment was correlated with mean 
daily discharge during the passage of 
individual hydrograph rises. Using forty 
such flood occurrences, a relation be¬ 
tween sediment load and daily dis¬ 
charge was derived. For a given dis¬ 
charge the sediment load was then cor¬ 
related with vegetal cover types on the 
watershed to which approximate values 
of cover condition had been assigned. 
It was found that there was good agree¬ 
ment between the estimates of sediment 
yield so derived and estimates based 
on a subjective classification map of 
erosion conditions compiled from gen¬ 
eral field observation. The same au¬ 
thors studied six small drainage basins 
which had different vegetal covers un¬ 
der varied land use. The watersheds 
were mapped and categorized by sub¬ 
jective field observations which at¬ 
tempted to take into account vegetal 
cover, erosion, soils, slope, and other 
factors. Sediment measures so derived 
were compared with analyses based on 
suspended-load sampling in the Boise 
River Basin. 

Rosa and Tigerman made further 
comparisons with measurements on the 
amount of sheet erosion from infiltro- 
meter studies where water is sprinkled 
onto plots varying in size from 12 by 
30 inches to 6 by 12 feet. They con¬ 
cluded {ibid,, p. 17) that “if all water¬ 
sheds could be improved from fair to a 
good condition [of vegetal cover], sedi¬ 
mentation rates might be expected to 
be reduced to about one-half of the 
present rate from large drainage basins. 
... If it were possible to restore all 
poor watershed areas to a good condi¬ 
tion the future sedimentation would be 
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only one-third to one-fourth the e> isi ng 
rate.” It should be realized, howcvt r, 
that such a statement can apply only to 
areas of uniform characteristics. 

Experimental data indicate that 
changes in land use have a greater 
effect on sediment yield than on either 
total runoff or runoff intensity ( Leopold 
and Maddock, 1954, p. 81). Yet it must 
be admitted that available data do not 
permit quantitative generalizations 
about the effect of human activity on 
landscape degradation. Both cultivation 
and grazing have, without question, for 
a time increased sediment yield over 
that obtaining in the natural or original 
condition, but the amount is variable 
and highly dependent on local condi¬ 
tions. 

This cursory description of attempts 
to generalize relations of geology, to¬ 
pography, vegetation, and climate to 
sediment contribution can do no more 
than indicate the complexity of the 
problem. All the methods used are, 
basically, forms of correlation between 
observed sediment yields and several 
controlling factors. In any such corre¬ 
lations an unexplained variance re¬ 
mains, and this margin of error may be 
quite large. It is clear, therefore, that 
any attempt to estimate the change in 
sediment yield resulting from a change 
of the controlling variables depends for 
validity on the relative magnitude of 
the anticipated consequences of and 
the error inherent in describing the 
original condition. 

The preceding discussion dealt with 
the problem of ascertaining the present 
rate of sediment production from nat¬ 
ural watersheds. To summarize, one of 
the most satisfactory methods of meas¬ 
uring sediment yield consists of suc¬ 
cessive measurements of deposition in 
reservoirs adjusted for outflow of sedi¬ 
ment on the basis of suspended-load 
measurements. Such measurements are 
available on only a small number of 
streams relative to the total number in 
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the continent. The values of sediment 
yield may vary markedly even between 
basins which supcrficiully appear simi¬ 
lar. Some of this variation can be quan¬ 
titatively accounted for by differences 
in type and condition of plant cover, 
soil, slope, and other factors. This vari¬ 
ability, however, causes most estimates 
of sediment yield under virgin condi¬ 
tions to be quite imprecise. It is diflS- 
cult, th(‘n, to know how much reliance 
may be placc'xl on the computed values 
of sediment yield under virgin condi¬ 
tions. Subject to this error, the magni¬ 
tude of which is unknown, the esti¬ 
mates available indicate that in the 
areas for which studies have been made 
human activity has increased sediment 
production from as little as twice to as 
much as fifty times the original value. 
These figures are meant only to indi¬ 
cate orders of magnitude. 

EVALUATION 

With this background in mind, let us 
examine some of the over-all implica¬ 
tions of changes in sediment yield. 

The first and most obvious economic 
reason for an interest in sediment yield 
relates to erosion on the land. So ex¬ 
tensive is the litei ature on this subject 
that no review is attempted here. In 
the present context the rate of sediment 
removal from a watershed should not 
l)(‘ assumed to be in direct ratio to loss 
ol land productivity. Crop yield as it is 
a{h‘cl(‘d by soil removal is also distinct 
from lo.ss of “irreplaceable” topsoil. 
Bavt r i 1950) provided a commendable 
way <-( thinking about the erosion 
probl< in when he indicated that some 
topsoil is replaceable. The seriousness 
of a gi M n amount or rate of erosion de¬ 
pends oii Vac thickness of the regolith, 
the kind » : rock from which it is de¬ 
rived, and the profile characteristics— 
in other words, on many local factors. 

That soil erosion tends to reduce soil 
productivity is not disputed. Gully ero¬ 
sion may in many places be of even 
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greater importance than sheet erosion 
by reducing channel storage of runoff 
water and by the physical dissection 
of arable land. It is generally believed 
that sheet erosion is more important, on 
the average, as a sediment source than 
is gullying. 

No extensive comment is necessary 
on the effects of reservoir sedimenta¬ 
tion. The recent survey of sediment de¬ 
posits in Lake Mead showed that in 
the first fourteen years of operation 
sediment deposits comprised 5 per cent 
of the reservoir capacity below spill¬ 
way-crest elevation. The sediment 
weight is computed to be about two 
billion tons (Gould, 1951). A particu¬ 
larly interesting result of this survey 
was the information that about half of 
the weight of sediment deposit, or 64 
per cent of the volume, consists of fine¬ 
grained material transported by turbid¬ 
ity currents. This indicates the impor¬ 
tance of the fine-grained portion of the 
total load. Again, we can merely specu¬ 
late on the question of whether soil 
erosion which results primarily from 
human use would result in increased 
or decreased percentage of a particular 
size fraction of the load. 

The Lake Mead survey provides a 
specific example of the difficulties in in¬ 
terpretation of reservoir accumulation 
data. The allocation of the sediment 
to various portions of the upper Colo¬ 
rado Basin can be made only roughly, 
and it is virtually impossible to ascer¬ 
tain what percentage of the measured 
sediment yield can be attributed to 
effects of land use. Methods such as 
those described earlier represent the 
only available bases for estimating this 
quantity. 

RELATION OF CHANGES IN SEDIMENT 
LOAD ON RIVER CHANNELS 

The literature on rates of reservoir 
sedimentation is extensive. The eco¬ 
nomic aspects of this problem are 
patent. 
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I wish to direct attention to an aspect 
of the effects of sediment yield which 
is less well known and more speculative 
than the problems of accelerated ero¬ 
sion and reservoir sedimentation. This 
is the change in stream channels pro¬ 
duced by change in sediment yield. The 
river channel is constructed by the 
river itself. The channel system is the 
route by which runoff and erosion 
products are carried from the land to 
the ocean or to some intermediate 
basin. As such, it is logical to suppose 
that any channel system would be of 
such configuration and size that it is 
capable of performing this function. 
Considerable speculation has been di¬ 
rected at the question of how efficient 
the channel net is for this function. 
Natural channels generally have a larg¬ 
er width-to-depth ratio than a semi¬ 
circle, which is known to be the most 
efficient hydraulic cross-section for dis¬ 
charge of water. Tlie fact that natural 
channels carry erosion products, as well 
as water, appears to be the underlying 
cause of observed channel shapes. 

Increasing attention recently has been 
devoted to the problem of explaining 
river-channel characteristics. Studies of 
channels in general led to the conclu¬ 
sion that a quasi-equilibrium tends to 
exist between the discharge and sedi¬ 
ment load emanating from a drainage 
basin and the natural channel which 
carries these products (Leopold and 
Maddock, 1953). Detailed study of a 
channel system of a single drainage 
basin confirmed this generalization and 
demonstrated that such quasi-equilib¬ 
rium tends to characterize small 
headwater tributaries in youthful to¬ 
pography as well as the major stream 
channels (Wolman, 1955). A generally 
similar tendency for quasi-equilibrium 
was shown to typify even ephemeral 
headwater channels and rills in a semi- 
arid area (Leopold and Miller, 1956). 

The river flood plain is a particularly 
important feature in the equilibrium 


picture. The level area bordernii! a 
.stream is built by the stream itseU a.i.] 
at such a level that it is overflowed dm 
ing high stage. Of greatest interest is 
the concept that the frequency of such 
overbank flow is essentially constant 
for small rivers and large ones in the 
same ba.sin and between rivers of dif¬ 
ferent basins (Wolman, 1955; Wolman 
and Leopold, 1956). This similarity in 
frequency of overflow of the flood 
plain, which in essence is also the fre¬ 
quency of the bankfull stage of the 
river, is a consequence of the charac¬ 
teristics of sediment load and sediment 
action in flows of various magnitudes. 
Small flows carry small sediment loads 
and are essentially ineffective in scour 
and deposition. The greatest floods are 
the most effective in shaping the chan¬ 
nel and altering existing shape, but 
these extreme flows are so infrequent 
that, in the long run, they are less 
important than the lesser floods. The 
level of the river flood plain is, there¬ 
fore, controlled primarily by floods of 
such magnitude that they are capable 
of significant erosion and deposition but 
still frequent enough to have cumula¬ 
tive effects of importance. This combi¬ 
nation appears to characterize flows of 
that magnitude which recur about 
twice each year (Wolman, 1955; Wol¬ 
man and Leopold, 1956). 

This apparent consistency in the re¬ 
currence interval of bankfull floods in 
combination with the concept of a 
river channel in quasi-equilibrium lead 
to a provocative hypothesis: If a change 
occurs in the relation of sediment yield 
to water discharged from a drainage 
basin, forces exist which would, over a 
long period, tend to readjust the height 
of the flood plain, so that the frequency 
of the flood stage would remain con¬ 
stant. If activities of man, therefore, 
tend to increase markedly the sediment 
yield relative to discharge characteris¬ 
tics of a drainage basin, the river chan¬ 
nel will, given sufficient time, adjust its 
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channel in such a manner that floods 
over the flood plain will recur at about 
the same frequency which originally 
prevailed. 

This concept has its first and primary 
application to the field of flood con¬ 
trol through land management. Pro¬ 
grams for land-use improvement gen¬ 
erally anticipate marked reduction in 
sediment yield from a drainage basin. 
It should be expected that a conse¬ 
quence of this reduction of sediment 
would be a channel readjustment. This 
readjustment may be such that over¬ 
bank floods do not, in the long run, 
occur any less seldom than originally. 

However, man’s work directly on 
river channels has been and probably 
will continue to be a far more impor¬ 
tant determinant of future channel con¬ 
ditions than the natural operation of 
river mechanics in response to man’s 
changes on the watershed. It is prob¬ 
able that long before the effects of the 
latter can occur, river conditions will 
have been so altered by dams that the 
latter will be the primary factor in con¬ 
trolling river-channel characteristics. 
The degradation of the channel of the 
Colorado River after the construction 
of Hoover Dam is a well-known exam¬ 
ple of one type of change. There will 
probably be extensive changes of a 
more subtle nature distributed widely 
over rivers in this country as the dams, 
already planned, are built. Bank-cut¬ 
ting, channel-shifting, and other effects 
not so obviously connected with reser¬ 
voir construction as bed degradation 
should be expected. In the Mississippi* 
Basiji alone ninety-six new dams are 
contemplated even at this time (Leo¬ 
pold and Maddock, 1954). This figure 
indicates the trend in river work. This 


trend can probably be expected to con¬ 
tinue at least until the best reservoir 
sites have been utilized and for as long 
as there remains economic justification 
for hydroelectric and irrigation develop¬ 
ment. 

Projects are considered justifiable, 
under present laws, if the computed 
benefits exceed the costs. Most projects 
will yield benefits equal to costs during 
their economic life, but there will come 
a time when great lengths of major 
river valleys will consist of reservoirs 
more or less filled with sediment. When 
that time comes, the problems of water 
control and of water use will be of a 
distinctly different character from those 
which concern us today, though this 
will not occur until several generations 
hence. 

SUMMARY 

In summary, then, we may conclude 
that man’s use of the land can have 
a marked effect on sediment yield. Be¬ 
cause of the difficulties of measurement 
of the initial conditions, it is extremely 
difficult to evaluate quantitatively this 
effect. Although increased erosion af¬ 
fects soil productivity, this effect is in¬ 
fluenced by many variables in the dy¬ 
namics of soil formation. The effects 
of high sediment yields on reservoir ca¬ 
pacity are well known and have obvious 
economic implications. Less well known 
are the effects on river channels of 
changes in sediment yield. The present 
trend is toward ever increasing num¬ 
bers of dams on the rivers of the United 
States. The effect of these structures on 
changes in the channels greatly over¬ 
shadows the effects due to varying pro¬ 
portions of sediment to water produced 
by man’s use of the land. 
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Physical, Chemical, and Biochemical Changes 
in the Soil Community 

WILLIAM A. ALBRECHT” 


For generations, the conquest of Nature has been accepted as man's 
prerogative. But man is a part of Nature, it being his essential environ¬ 
ment, and unless he can find his rightful place in it he has poor hope 
of survival. Man's present behavior often resembles that of an over¬ 
successful parasite which, in killing its host, accomplishes also its own 
death. 

Man's environment is the whole natural scene, the earth with its 
soil and water, its plants and its animals. In many places these have 
reached a natural balance which man disturbs at his peril.—C. 1^. 
Boyle, “Mother Earth,” Journal of the Soil Association, VIII (1954), 3. 


INTRODUCTION 

If we accept a state of natural bal¬ 
ance, or a kind of momentary equilib¬ 
rium, in the soil community at that date 
in its geological development when 
man arrived on any particular virgin 
scene, then man may well be viewed as 
a force upsetting that equilibrium. 
Since the soil is a temporary interlude 
for rocks and minerals on their way to 
solution and to the sea—in suspension 
if not in solution—man's activities in 
working the soil hasten the traverse by 
rocks from their higher potential ener¬ 
gies and chemical dynamics to lower 
ones. 

^ Dr. Albrecht is Profes.sor of Soils and 
Chairman v>f the Department of Soils at the 
University of Missouri, Columbia. In addi¬ 
tion to lus studies in the United States, he 
has cotidiu ted soils research in Great Britain, 
Australia, and on the European continent. He 
is the autlii>r of many articles on soils and 
soil fertility and is a consulting editor for 
publications on soils and general agriculture. 
For a number of years he has emphasized the 
need of proper soil treatment to insure healthy 
plants and healthy people, stressing the rela¬ 
tion of soil fertility to human nutrition. 


Increasing Populations and Soil 
Conservation—a Paradox 
Man’s survival in a situation in which 
he can be fed only by means of rocks 
and minerals en route to the sea ap¬ 
pears to be a paradox. Those rocks must 
be put into solution. Their nutrient ele¬ 
ments must be extracted from stable 
mineral forms. They must be brought 
into ionic activity in solutions if they 
are to be adsorbed into the soil col¬ 
loidal complex and to be held there for 
exchange to the roots of plants upon 
w^hich animals and men feed. Yet, in 
our concern with conservation, espe¬ 
cially of the soil, we are apt to believe 
that rocks should not be allowed to 
weather and thus go into solution and 
into the sea. However, only by this 
dynamic behavior of rocks and minerals 
can life-forms survive on earth. This 
is a fact that cannot be gainsaid. 

Soil conservation, to some degree, 
can reduce excessive movements to the 
sea of the nutrient elements after they 
enter into the ionic activities of solu¬ 
tion. Under virgin conditions the min¬ 
erals weathering within the soil are not 
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moved hastily to the sea. Instead, they 
are quickly taken up by soil microbes 
and hy plant roots. The accumulated 
organic matter resulting within and on 
top of the soil serves as a microbial diet 
of excess energy food, holding the 
microbial population down to the levels 
of the supplies of more soluble inorgan¬ 
ic elements and nitrogen. Soluble inor¬ 
ganic elements are always quickly 
taken out of solution and made insolu- 


of their passage into the sea through 
erosion, sewage disposal, and other 
ways. Man, in changing the face of the 
earth, has altered the soil community 
by moving it, both directly and in¬ 
directly, more rapidly into the sea. It is 
in this respect that “man’s . . . behavior 
. . . resembles that of an oversuccessful 
parasite.” While exploiting his soils, 
man is destroying his host and accom¬ 
plishing slowly his own death. 



Fig. 126.—Excessive erosion—man-wrought. Erosion is a symptom of a fertility level of the 
surface soil too low to grow cover equal to the stresses and strains of the falling rain and runoff 
water. 


ble in the microbial and plant cells. 
Thereby, not much of the virgin soil 
and of its active chemical contents is on 
its way to the sea. Continuous plant 
cover, even in the humid regions with 
much water going into the soil, does 
not result in speedy soil depletion (Fig. 
126). Neither is there a rapid soil ero¬ 
sion. The rates of solubles and suspen¬ 
sions going to sea are low. 

Man must increase the rate of min¬ 
eral solution if he is to feed himself. 
But his neglect of conservation of those 
soluble elements has increased the rate 


The speed of these changes in the 
soil community brought on by man is 
astounding. As Sears puts it (1954, p. 
959): 

The earth as a separate planet is at least 
2000, perhaps 3000, million years old. The 
species of mammal—to which we belong— 
has been present for only the last 30 sec¬ 
onds of the 24th hour or the earth's exist¬ 
ence, while modem power technology 
based on fossil fuel compares with a very 
fast instantaneous snapshot. 

For the first time in earth history, a 
single species has become dominant, and 
we are it. The power and intensity of our 
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pressure upon environment is without prec¬ 
edent. Our numbers increase at the net 
rate—conservativeJy—of 1 per cent a year. 
This means a net gain of more than 50,- 
000 a day, doubling in a generation. This 
also means increasing demand for space 
in which to live and move, and increasing 
demand for food and other necessities 
from the space that is left. 

PHYSICAL CHANGES DUE TO 
MANS ACTIVITIES 

More Soil for Site Value, Less 

for Food Services 

Urban man—85 per cent of the popu¬ 
lation in the United States—now uses 
much soil exclusively for sites on which 
to live and move. The remaining space 
on which to produce food and other 
biotic necessities for everyone is occu¬ 
pied by only 15 per cent of that popu¬ 
lation—the rural folk. In the recent shift 
from a rural family to an urban crowd, 
man has lost sight of the significance 
of the biological behavior and services 
of the soil community as our food 
source. With emphasis on economics, 
technologies, and industries, he has 
built big cities on soil and so exploited 
its site value only. The soil community 
has had the attention of agricultural 
and chemical technologies to make it 
more highly productive per farm opera¬ 
tor or to hasten the rocks and minerals 
into sohition, so as to be potentially 
creative of more crops and more live¬ 
stock. '^riie higher agricultural efficien¬ 
cy per farm worker has, in turn, made 
possible the urban congestion where, 
as the Ir lian said, “You ought to put a 
town here; nothing will grow here.” 
Now \\ r must soon face the dilemma of 
feeding (anselves on paved streets, be¬ 
cause the rural soil community is about 
to be the d('ad victim of a parasitic, 
technical soi! exploitation that has failed 
to appreciate' the biological aspect of 
the soils in the creative business of 
feeding all of us. It is time that more of 
us paid attention to the physical, chem- 
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ical, and biochemical changes wrought 
by man in the soil community, for soils 
represent either assets or liabilities for 
man s survival. 

Physical changes which cultivated 
soils undergo are not sudden and read¬ 
ily recognized, save for occasional 
landslides or natural flooding-in of 
sands or of deposits of clay on top of 
the soil. Such coverings add new hori¬ 
zons to the top of the profile, making 
for abrupt transitions in texture and 
other properties between the top hori¬ 
zons. These are decided hindrances to 
plant root-feeding and to root penetra¬ 
tion, and they put much soil out of cul¬ 
tivation. The physical changes in soils 
over long periods of cultivation by man 
are not so sudden. Rather, the changes 
are more insidious, with no suddenly 
visible symptoms of the transformation. 

Man has been covering soil not only 
with cities but with connecting high¬ 
ways of concrete, to remove much soil 
entirely from potential food production. 
Alongside the soil covered by concrete, 
there is the right of way serving as 
shoulders and as drainage ditches. 
When a two-lane highway parallels a 
railroad, as is common when the rail¬ 
road's location represents past experi¬ 
ence in judicious grade selections, a 
strip of land as much as 25 rods wide is 
taken out of food production by agri¬ 
culture. This represents 50 acres for 
every mile of such transportation facili¬ 
ties. 

Much of our soil area is also being 
blotted out of service in food produc¬ 
tion by expanding urbanization. Urban¬ 
ites are moving into rural areas around 
the cities to an increasing extent, owing 
to the automobile, which makes pos¬ 
sible long commuting distances. This 
expansion does not represent a “back to 
the soil” movement aimed toward in¬ 
dependent agricultural production by 
families contributing to city food sup¬ 
plies as well as providing their own. 
On the contrary, covering the soil by 
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more urban expansion, more parking 
spaces, more airports, more military 
reservations, more defense plants, more 
industrial developments, and more 
superhighways represents a decided 
physical change in the soil community 
brought on by man. Instead of growing 
vegetation, loading itself with organic 
matter, and breaking down its rock con- 
tent~the whole forming the active as¬ 
sembly line of food creation—the soil is 
shorn of this biological service and 
represents no more than site value. This 
physical change of the soil community 
is now one of geometric dimension and 
no longer one of arithmetic dimensions 
only. 

Tillage Means Less Construction, 

More Destruction of the Soil 

Putting virgin soil under cultivation 
initiates a breakdown of what may be 
called the ‘laody'' of the soil. Virgin 
soil, when plowed, takes on a granular 
body which only slowly slakes out un¬ 
der successive rains. The granular units 
of soil have a remarkable stability. 
They do not pack together under ma¬ 
chinery traveling over the soil. The en¬ 
trance of air in consequence of tillage 
starts microbial decay action. There is 
an increase in the carbon dioxide re¬ 
leased. Runoff of rain water is slow 
and, instead, the rainfall filters in read¬ 
ily. Significant amounts of water are 
stored in the greater depths of the pro¬ 
file to support vegetative growth over 
extended rain-free periods. 

It was this character of granular yet 
stable body by which the pioneer 
judged the potential productivity of the 
land when he took a handful of soil, 
allowed it to run between his fingers, 
and said, “This will be a good place to 
farm.” 

The shift in our soils to a body which 
rainfall disperses readily is a major 
physical change in the soil community. 
Continuously cultivated soils, when 


plowed and mechanically pul : j 
granular form by tillage machinei , 
quickly hammered by the rainfall iitt ^ 
surface slush. This seals the pores and 
prevents rapid infiltration of water. 
Water that would be beneficial were it 
stored in the soil is compelled to run oit 
and represents not only loss of water 
but also a force for serious erosion of 
the surfac e, the very place where maxi¬ 
mum returns and additions of organic 
residues are always made by nature to 
maintain potential productivity. Thus 
the advent of increased erosion, about 
which we have recently become con¬ 
cerned, is merely evidence of the previ¬ 
ous breakdown of the soil body (Fig. 
127). 

This breakdown or degeneration of 
the soil body is not, however, a physical 
change alone. Rather is it the physical 
manifestation of chemical and bio¬ 
chemical changes which the soil suffers 
under tillage. It is the reverse of the 
soil construction under virgin condi¬ 
tions. The chemical force bringing 
about granulation of significant stabil¬ 
ity is exercised by salts of the divalent 
cations like calcium and magnesium, or 
even by the trivalent and multivalent 
ones. The monovalent ones, like hydro¬ 
gen, sodium, potassium, and others ad¬ 
sorbed on the clay colloid, have quite 
the opposite effect, that is, they are 
dispersing agents rather than granulat¬ 
ing and flocculating ones. The loss of 
fertility salts through crop removal, and 
by water percolating through the soil 
wdiere increased decay under tillage 
has given more carbon dioxide and 
more acidity for their removal, repre¬ 
sents more dispersion. Thus, granulat¬ 
ing agencies are replaced by dispersing 
ones, and the soil is consequently 
shifted from a physically stable body to 
an unstable one and from one that takes 
water and has little erosion to one tak 
ing little water and having much ero¬ 
sion. 

Another chemical change acting as 
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cause for the decreasing physical stabil¬ 
ity of the granular structure is the loss 
of much of the organic matter originally 
in the virgin soil. Tillage of the soil 
serves to fan the microbial fires burning 
out carbon and leaving instead inorgan¬ 
ic ash of past generations of dead 
plants. This seasonal provision of ash 
by decay is the means for growing 
large crops. A rising delivery rate of 


We could not expect to keep virgin 
organic matter preserved in the soil in¬ 
definitely. Its decay is a requisite for 
agricultural production. But more or¬ 
ganic matter must always be returned 
and incorporated if pr.oduction is to be 
maintained. Organic matter manifests 
pronounced physical eflFects on the soil 
in bringing about granular structure, 
but these are the results of chemical 



r’li;. 127.—Unreplenished cultivated soil contrasted with soil regularly replenished. Man’s con¬ 
tiguous cropping breaks the soil down chemically and physically to where nature fails to grow 
‘o\{r (upper right), and a single rain puts the plowed soil into slush (lower right). Similar 
ti<'j-ping and manure returned regularly give the soil winter cover (upper left) and a granular 
sti ture holding the plow-turned farm under rain (lower left). 


su^ sh, running parallel with the ad- 
var of the growing season and with 
the onting temperatures, is nature’s 
way providing more nourishment for 
the p \qng crop in synchronization 
with 1 ^creasing demands. This repre¬ 
sents M niquely co-ordinated set of 
process* This inorganic part of the 
soil orgu ,c matter must continue in 
its cycl(‘ of decay, incorporation into 
the new growing plants, return to the 
soil, and then decay again if crops are 
to be grown continually. 


effects by both the inorganic and the 
organic components of the soil. The de¬ 
sirable physical condition of the soil is 
a matter not only of a fine physique. 
Rather is it also one of nutrition of the 
plants grown on that soil, of nutrition¬ 
al support for the fungal and bacterial 
crops within the soil, of the suite of 
inorganic nutrient elements required 
by the growing vegetation, and of the 
regular incorporation of organic matter 
into the soil by which alone this condi¬ 
tion is maintained. 
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A physical change, this one conse¬ 
quent on cultivation, in the soils of 
humid regions is the increase in clay 
content of profiles when the top of the 
profile is truncated by erosion and 
when the successive cultivations cut 
more deeply into the lower horizon of 
higher clay concentrations. As a result 
of the truncation of the profile the 
physical condition gradually shifts to 
one of more clay (Fig. 128). Since the 


been, that agricultures survived long¬ 
est (Fig. 129). 

Soil Moisture Required for Ionic 
Activities That Nourish Plants 
One of the physical conditions of the 
soil required for its proper tillage is 
the presence of water. Water is re¬ 
quired in a physicochemical setting for 
the ionic activities of the nutrient ele¬ 
ments and for their entrance into the 


jr 



Fig. 128.—Rate of soybean growth in soils containing varying amounts of clay. More clay {left 
to right in sand in glass containers) with more adsorptive capacity to hold calcium for the soy¬ 
bean roots gave more and healthier plants. Soils “heavy” in clay have supported crops longest 
under cultivation. 


deeper horizons, or the more acid sub¬ 
soils, are less fertile in both inorganic 
and organic essentials, the top layer 
gradually becomes not only less tillable 
because of the high clay content but 
also less productive. If this increase in 
clay content were an addition of a 
more fertile or less weathered clay, 
then the gradual change would be an 
asset rather than a liability (Fig. 128). 
Potentially, the more clay, the more 
active fertility that can be held. It was 
on the fertile clay soils of some parts of 
the Old World, intractable and difficult 
to cultivate though they may have 


plant roots, into the microbial cells, and 
into the other living forms within the 
soil. It is in the aqueous atmosphere, or 
the very thin film of water, surrounding 
the colloidal clay particles that the 
chemodynamics of the nutrient ele¬ 
ments occur. It is in that limited area 
that the positively charged elements 
like calcium, magnesium, potassium, 
sodium, hydrogen, and others—when 
once broken out of the rock and put 
into solution—are held rather than lost 
to the water passing through the soil. 
It is within tfiat atmosphere, blended 
into the corresponding colloidal atmos- 
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phere of the root hair enshrouded by 
its hydrogen carbonate, that the root 
exchanges its very active hydrogen for 
any of the list of the clay’s nutrient ca¬ 
tions just cited. Water is then the ioniz¬ 
ing medium required in any fertile soil 
so that its nutrient salts may be active 
suites of many essentials serving in 
proper nutrition of different plant spe¬ 
cies. 

Fertile soils must contain the salts 


trated general farming—they do not 
contain enough moisture to serve to¬ 
gether with air to complete an electri¬ 
cal circuit when the radio switch is 
turned. 

Droughts Are Becoming 

More Disastrous 

Man has changed decidedly the high 
degrees of fluctuation against which 
the moisture content of the surface soils 



in the presence of water if the electrical 
performances of exchange between the 
root and the soil are to occur. As an 
interesting and suggestive illustration, 
there is in the United States a close 
similarity between the areas of maxi¬ 
mum concentration of farming and of 
high eflic/oncy of radio reception (Fig. 
130). Ar IS of excessive soil moisture 
are neither good for farming nor good 
for radio reception. Such soils are too 
highly de\'eloped, and their fertility 
salts are too nearly washed out. While 
arid soils contain plenty of salts for 
radio reception—though not necessarily 
in the proper combination for concen- 


was once maintained. For the pioneer 
farmer in the eastern United States, 
water in excess, or standing water, was 
the problem. He concerned himself 
seriously with drainage, in order to 
allow air to enter the soil and the sun’s 
heat to raise its temperature for crop 
production. Now that we have cleared 
the land so that little permanent 
plant cover is left to hold the water 
where it falls, we have unwittingly 
moved into excessive drainage. Has^ 
runoff by water cuts small rills into our 
barren soils, and each is soon the equiv¬ 
alent of a drainage ditch. Our land 
areas, now cut up into smaller units. 





Fig. 1301?.—Ground conductivity in the United States. The higher concentration of farms ii; 
the mid-continent and the higher eflBciency of radio reception there are both the result of the 
higher concentration of chemical dynamics in the soil by which, respectively, larger crops are 
grown and the soil is a better conductor. 
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make each owner thereof an opponent of temperature fails to take place when 
of standing water, scarceh' j^ermitting there is no soil water to evaporate, 
it to stand long enough for infiltration Consequently, the thermometer climbs 
sufiScient to provide water for crops to the disaster point for plants and ani- 
from one rain to the next. mals. This amounts to giving us record- 


Our hydrophobia is e.vhibitcd by the 
drainage ditch alongside every highway 
and roadway draining each unit of land 
area. All-weather roads to fulfil auto- 
niohilist demands have encircled about 
every section, however small, of pro¬ 
ductive land. Those drainage ditches, 
dug to depths of three or more feet 
around a square mile, have lowered the 
water tabk^ to nearly that extent. They 
have literally lifted the soil that much 
higher out of contact with the water 
table. This is desiccating our soil and 
our country. Roots are not nourished 
by a dry soil, and we are bringing the 
deserts around ourselves by hastening 
the drying of the surface soil. Unfortu¬ 
nately, that soil layer so highly dried is 
also the soil horizon to which both man 
and nature are most regularly adding 
and returning the fertility elements so 
as to maintain production. 

Man’s excessive drainage and change 
of soil conditions under which less 
water enters the profile to store itself 
are the reasons why there is less water 
to evaporate and so hold down summer 
temperatures, which, consequently, rise 
to record-breaking figures year by year. 
Our drought disasters have pushed 
themselves eastward into the national 
treasury, wliile the western deserts are 
on a rapid march eastward, too. 

Shortage of Stored Water 

Is Jnerrasing 

That the deserts are on the march, 
because man has been changing the 
earth to absorb less water from rainfall, 
is a physical phenomenon with signif¬ 
icant chemical and biochemical conse¬ 
quences. Temperature falls when the 
evaporation of a gi am of water spends 
540 calories of heat, but that reduction 


breaking heat waves, commonly char¬ 
acterized by the broad term “drought/* 
as if it were a matter wholly of weather 
when we are bringing it on ourselves. 

Droughts are not just rain-free pe¬ 
riods. They cannot be defined from 
standard meteorological observations, 
since the intensity and the length of 
the drought depend on characteristics 
of crops, soil water, and soil-fertility 
conditions as well as on meteorological 
parameters. Consequently, we need to 
recognize the soil as a major factor in 
those disturbances to crops which we 
call “droughts.*’ These are in reality dry 
periods that bring about crop disaster 
through chemical and biochemical ir¬ 
regularities. 

Since water’s services to plants are 
exercised mainly after rain water has 
entered the soil, the soil should be con¬ 
sidered more than merely a water res¬ 
ervoir. The many services of water to 
crops need to be understood before we 
use water shortage as the alibi for poor 
crops. 

Continental Effects of Climate Are 

Becoming More Severe 

The areas between the humid and the 
semiarid soil regions are the climatic 
settings for most droughts. In general, 
these are regions of mineral-rich soils, 
since low rainfall has not developed 
them excessively or removed the cal¬ 
cium and other minerals of similar 
soil behavior from the profile to re¬ 
place them by hydrogen. These are the 
soils where agriculture grows protein- 
rich forages, where soils are wind¬ 
blown, and where animals grow read¬ 
ily on what are apt to be called “the 
prairie and the plains soils.” 

Droughts are also geographically lo- 
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cated in the midst of larger land areas 
where the effects of what is called "con- 
tinentality” are pronounced. This rep¬ 
resents the degree of variability of the 
weather or the daily meteorological 
condition. The larger the body of land, 
that is, the more continental the area, 
the more the weather or the daily con¬ 
dition will vary from the climate or av¬ 
erage. This is the “law of continentality” 
in brief. Droughts, then, are “continen¬ 
tal” manifestations and may be expected 
more commonly in the mid-continent of 
the United States. 

Columbia, Missouri, for example, is 
reported to have an annual rainfall of 
39.33 inches. This mean annual rainfall 
from records covering nearly a half- 
century says nothing about how high or 
how low the amount for any single year 
may be. Because of the continentality 
of Missouri~it being located a thou¬ 
sand miles from any seacoast-Colum- 
bia, according to recorded data, has a 
continentality effect of 50 per cent. That 
is, while the rainfall is reported to av¬ 
erage 40 inches, it actually varies over 
a range of 50 per cent, namely, 25 per 
cent, or 10 inches, below 40; and 25 per 
cent, or 10 inches, above 40. Precipita¬ 
tion ranges, then, from a low of 30 
inches to a high of 50 inches in differ¬ 
ent years. 

But that figure, once established for 
continentality, is the fact no longer. The 
record was broken in 1953, when the 
annual rainfall was but 25.12, rather 
than 39.33 inches, or 36.1 per cent be¬ 
low the mean. This is a continentality 
eflect of twice 36.1, or 72.2 per cent. 

If one considers the rainfall for only 
the summer months of 1953—May to 
September, inclusive—when the effects 
of the extended rain-free period on veg¬ 
etation were exaggerated by high tem¬ 
peratures, then Columbia, Missouri, suf¬ 
fered under a continentality effect 
amounting to 86 per cent. This was a 
most severe disaster to an agricultural 


area devoted extensively to livestock 
and heavily dependent on grass for their 
feed. The law of climatic averages ap¬ 
plied to Missouri may leave us content, 
but the law of continentality is disturb¬ 
ing, yet revealing, when droughts such 
as that of 1953 are experienced in rec¬ 
ord-breaking dimensions. 

We have, to repeat, been bringing 
our droughts, as they represent short¬ 
age of supplies of soil water, upon our- 
selve^s. Droughts are disastrous in terms 
of deficiency of that liquid mineral in 
the soil and, thereby, of the food it 
grows. The more fertile, high-protein- 
producing soils are exhibiting the more 
serious droughts. Man is thus pushing 
himself off the soils which are best for 
nutrition. He is crowding himself into 
areas of higher rainfall and onto soils 
yielding feeds and foods of high-fat¬ 
tening rather than high-feeding values. 
He has not noticed this, since hidden 
hunger is registering all too slowly. 
But now that he is crowding himself 
out of drink, which registers more 
quickly, since thirst is more .speedily 
lethal than hunger, droughts take on 
more meaning. Droughts, moreover, are 
moving from the country to the towns 
and to the cities, where they are known 
as water shortages. They register as 
thirst disasters, regardless of whether 
humans or vegetation are concerned. 

Fertility Shortages Are Confused 

with Water Shortages 

The shortage of plant nutrition for 
our crops has too commonly been mis¬ 
taken for water shortage. When the 
farmers said, “The drought is bad, since 
the corn is ‘fired* for four or five of the 
lower leaves on the stalk,” they were 
citing the plant’s translocation of nutri¬ 
ents, especially nitrogen, from the 
lower, older, nearly spent leaves in or¬ 
der to maintain the upper, younger, and 
growing leaves. Now that we can ap¬ 
ply fertilizer nitrogen along with other 
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nutrient elements, we know that in the ter in the upper 3,5 feet On the un- 
confusion about plant nutrition we fertilized corn, which took a total of 14 
made too much of the drought as a di- inches of water from the soil, the yield 
rect shortage of liquid for the plants, was only 18 bushels per acre. It re¬ 
al the expense of the more common de- quired 26,000 gallons of water to make 
ficiency of nitrogen lo be synthesized a bushel of grain. On the fertilized soil, 
into protein and all that compound rep- with a yield of 79 bushels, only 5,600 
resents in crop production. gallons of water per bushel were re¬ 

in this case the shortage of nutrition quired. The drought was a case of plant 
in the soil and not of water was respon- hunger rather than one of plant thirst 
sible for what was called “drought.” (Albrecht, 1954c). 


With the drying-out of a fertile surface 
soil underlain by an acid, infertile clay 
horizon, the roots of the crops were 
compelled to leave the surface horizon 
that originally provided both fertility 
and water and to penetrate into the 
subsoil, which had water but no quali¬ 
ties of fertility. That shallow surface 
layer was dried not only by the sun's 
heat but also by the roots of the grow¬ 
ing crop—corn, for example, being esti¬ 
mated to take from 0.15 to 0.25 of an 
inch of water per day by transpiration 
alone (Decker, 1954). Some hold that 
0.10 inch of water is transpired daily by 
a corn crop, and so they define a 
drought for corn as rainfall of less than 
an inch every ten days. This gives no 
consideration to the soil fertility con¬ 
cerned. When the lower leaves of a 
cornstalk “fire,” we need only to note 
the growing tip of the stalk, which will 
be wilted too if water shortage is re¬ 
sponsible. The growing tip will not 
commonly be wilted, since the roots, 
gcn'iig deeper into the subsoil, are de¬ 
livering water to maintain that active 
plant part (Albrecht, 1954a). 

Data from the Soil Conservation Re¬ 
search project at McCredie, Missouri, 
compil( li during the drought of 1953, 
showed die corn crop exhausting the 
soil moiMnre to a depth of 3.5 feet 
where the voil was well fertilized. The 
equivalent of only 1.04 inches of water 
remained in that entire depth. Where 
the soil was not fertilized, the crop 
dried the soil to a lesser depth, leav¬ 
ing the equivalent of 4.5 inches of wa- 


Soifs Physical and Chemical Changes 

Are Becoming Biochemically 

Intolerable 

That water shortage in the soil is det¬ 
rimental to biochemical activities in the 
crops and in the animals was demon¬ 
strated in the mid-continental drought 
of 1954. The effects of that disaster on 
the different levels of soil fertility of the 
plots on Sanborn Field, at the Missouri 
Agricultural Experiment Station, sug¬ 
gested forcefully that drought disturbs 
plant processes because of high tem¬ 
peratures. It suggested also a more se¬ 
vere injury to plant tissues according 
as the higher soil fertility represented 
more actively growing plants {ibid.). 

Where com had been grown contin¬ 
uously since 1888 with crop removal 
and no soil treatment, the plants re¬ 
mained the greenest of all com plots 
on the entire field. Only the lower two 
leaves on the stalks were “fired." The 
other eight leaves, though much rolled, 
showed no visible irregularities. The 
stalks were tasseled but were without 
shoots. This was about the customary 
“short” crop which that plot has been 
producing for many years. 

On the adjoining plot, where 6 tons 
of manure per acre annually have been 
used, the much taller and heavier stalks 
had the lower five leaves badly “fired.” 
The remaining six leaves were rolled, 
but they were not visibly injured. The 
stalks were well tasseled, but the plants 
were without shoots, suggesting no 
grain production. 
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The physiological strain on these di¬ 
oecious plants by the heat seemingly 
did not disrupt the masculine eflForts of 
the plant to reproduce but eliminated 
the female contribution to the survival 
of the species. This suggests that the 
female phase of reproduction is a much 
heavier physiological load or a more 
extensive integration of biochemical 
processes than is the male phase. 

On another near-by plot where heavy 
crop residues are turned under and the 
soil given full fertilizer treatment—in¬ 
cluding nitrogen—only a single lower 
leaf per plant was “fired.” The other 
thirteen or more leaves were closely 
bunched on the shortened stalk. The 
tassel had not emerged. Neither were 
there any shoots or signs of ears. More 
significant, however, was the fact that 
the leaves were badly bleached from 
their tips back to almost their mid¬ 
length. This part of the leaf tissue was 
dead. Save for its widely different ap¬ 
pearance, the damage duplicated the 
pattern of the leaf area involved when 
the plant suffers from nitrogen deficien¬ 
cies in the soil. It suggested death in 
the area where the extra nitrogen was 
involved in rapid growth rather than 
where there was a deficiency of it. 

Since the more vigorous plant growth 
for seed production involves more phys¬ 
iological functions than growth for fod¬ 
der production only, it seems reason¬ 
able that high temperatures might be 
more disturbing to the living processes 
centered in the expectably higher pro¬ 
tein content of the cells than to those 
in plants growing less vigorously and 
doing little more than making the mini¬ 
mum of carbohydrates. Processes of 
growth and life are activated by en¬ 
zymes, compounds resembling proteins 
in some respects. They are decidedly 
thermolabile, or are killed by tempera¬ 
tures going above 45° C. (113° F.). 
The proteins of vigorously growing 
plants may not be very widely differ¬ 
ent in their responses to high tempera¬ 


tures from fertile eggs under inc\iba- 
tion. Eggs give a good hatch when the 
temperature is held at 100° F. But a few 
hours at 10° F. above that temperature 
will ruin the hatch even if the egg pro¬ 
tein is not coagulated or coddled. No 
signs of injury are visible until the egg 
dies and processes of decomposition 
have had time to give the evidence. In 
the case of the corn leaf, time was also 
required for the disturbed plant metab¬ 
olism to reveal itself. 

High Temperatures Disrupt Biochemu 

cal Processes and Result in Death of 

Plants and Animals 

This disruption of the metabolic proc¬ 
esses in the leaves of corn plants was 
not corrected by the next rain, which 
moved nitrogen, for example, as nitrate 
from the revived soil into the corn 
plants. Also, this nitrate was not re¬ 
duced significantly. Nor did it move 
well up into the plant and become 
changed into organic forms of nitrogen. 
Instead, it accumulated toward the 
lower part of the stalk. Those concen¬ 
trations were high enough to be lethal 
to the cattle consuming the fodder. 
More than two hundred head of cattle 
were reported killed in the state of 
Missouri as a result of this biochemical 
irregularity in the com plants due to 
the disruption of physiological proc¬ 
esses when the air temperatures went 
above 110° F.—and this because there 
was not enough water stored in the 
soil. 

Some other biochemical disturbances 
resulted from the high temperatures. 
The heat wave in Missouri in 1954 was 
disastrous to animals as well as to 
plants, killing both poultry and rabbits. 
The correlation of increasing tempera¬ 
tures with increasing deaths of experi¬ 
mental rabbits fed on wheat in con¬ 
junction with hay grown on soil of dif¬ 
ferent treatments suggested that the nu¬ 
trition of the animal and not the high 
temperature per se was the responsible 
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factor in the tatalitics associated with 
the heat 

Seven lots of nine rabbits each, sep¬ 
arated from the larger original group, 
were fed on wheat of a single Jot and 
on timothy hays grown on soil given 
diHerent treatments: (1) full fertilizer 
treatment; (2) this supplemented by 
copper; (3) by bonm; (4) by cobalt; 
(5) by mangauese; (6) by zinc; and 
(7) by all tliese trace elements. 

With the mounting temperatures of 
the heat \va\ (\ many of the experimen- 


and a mean maximum of 99.4F. dur¬ 
ing the fortnight closing July 17. 

On that date the wheat-timothy hay 
ration was supplemented with 10 grams 
per rabbit per day of commercial, dried 
skim-milk powder. No more deaths oc¬ 
curred during the extension of the ex¬ 
periment for nine days, where maxi¬ 
mum daily temperatures ranged from 
89" to 111" F., with a mean high of 
98.2° F. 

A rep'.'at of this test was started on 
July 26, using corn, oats, and wheat in 



Sanborn Field, Missouri Agricultural Experiment Station 


Fk;. 131,—Tho diftoreiice in quality between legumes seeded in manured soil and those seeded 
in soil without manure. Sixty years of crapping resulted in chemical and biochemical effects dif- 
f<Ming aec“ording to a six year rotation with manure {Plot 12, left) and without manure {Plot 13, 
as illustrated by the difference in emergence of newly seeded legume. 


lal rabbits died, and, at the weighing 
dates alter each fortnight, replacements 
\v('rc made from those remaining in the 
original group (which had suffered no 
heat fatalities) fed on the same wheat 
as the experimental rabbits, but on the 
roughage' of green gra.ss growing on soil 
fertilized with rabbit manure. During 
the period ]une 11-July 17, 1954, a total 
ol fifty-se\( li rabbits (70 per cent) died 
on the timothy-wheat ration, while in 
the same room there were no deaths 
among tlie original group remaining on 
their wheat-grass ration and tolerating 
the same heat wave. This represented 
maxima ranging from 88" to 113" F. 


equal parts by weight along with the 
same timothy hays. This trial exhibited 
again the fatalities with the high tem¬ 
peratures until August 23, when the 
feeding of the timothy hay was dis¬ 
continued and red-clover hay substi¬ 
tuted. No deaths occurred during the 
extension of this test with red-clover 
hay from August 23 to September 6, 
during which the maxima of tempera¬ 
tures ranged from 79" to 102° F., with 
a mean maximum of 97.6° F. for those 
fourteen days. For the fortnight preced¬ 
ing the date of change to red clover, 
the maxima ranged from 70" to 98° F., 
with a mean maximum of 82.5" F. At 
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the close of this test there still remained ment, whereas, ultimately, the soil must 
all eight rabbits of the original group give the nutrition of all life (Fig. 131). 
kept on the wheat-grass ration during 

the entire summer. chemical changes to man 

These deaths of thc‘ experimental rab- M<nis Survival Demands Rcroji- 
bits represent differing fatalities ac- struciive Changes in Ihc 
cording to nutrition of the animal. Thev Communitij 

were merely another part in the reac- Man has pulled down the levels of 
tion chain of many biochemical proc- \irgin-soil fertility to the point where 
esses pointing to man’s manipulations those predatory acts will not continue 
of the soil communitv to his own detri- to feed him and his growing numbers. 



Courtesy of United States Forest Service 


Fig. 132 .— The development of mesejuite as a result of soil exploitation. Soil exploitation by 
livestock removal and reduced return of organic matter brought in the mesquite (lower photo, 
J943) where forty years previously there had been a cattleman's paradise (upper photo, 1903). 
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He must now change his soil communi¬ 
ties physically, chemically, and bio¬ 
chemically by construction instead of 
by continued destruction. Instead of 
exploiting nature’s work, he must now 
co-operate in re-establishing that work. 

We may well observe the principles 
underlying natural conservation and be 
guided by them toward wiser soil man- 


cultivation than that by virgin soils of 
equal clay content, less exchange ca¬ 
pacity, and less acidity but developed 
under similar rainfall and higher tem¬ 
peratures in the southeastern United 
States. Soils farther west, developed un¬ 
der corresponding longitudinal tem¬ 
peratures but under lower rainfalls, like 
those near the mid-continent, soon ap- 



Kic. 133.—Some declines in the total nitrogen of the soil during fifty years of continuous crop¬ 
ping with and without manure. 


agc iiKiit (Fig. 132). The study of man's 
exploitation of soil under agricultural 
cropping reveals resulting chemical soil 
conditions similar to those where ex¬ 
cessive development has resulted natu¬ 
rally umler higher rainfall. Our exploi¬ 
tation of soils under higher rainfall and 
lower temperatures was less rapid than 
that of soils under similar rainfall and 
higher temperatures. Virgin soils in the 
northeastern United States, with clays 
of high exchange capacity and much 
acidity, sufFered less exploitation under 


proach (under exploitation) the fer¬ 
tility array illustrated in soils farther 
east but naturally more highly devel¬ 
oped under higher rainfalls (Albrecht, 
1951b, p. 384). When man uses the soil 
under rainfalls generous enough for 
large crop yields, he depletes the fer¬ 
tility rapidly. He encourages leaching 
to enlarge its toll. He brings the soil to 
a much higher degree of development 
and more rapidly than nature would 
under his absence in that climatic set¬ 
ting (Fig. 133). Its depletion leads him 




Physical, Chemical, Biochemical Changes in Soil Community 663 


to believe that the climate (average of 
weather) has become worse in terms of 
the contrast between the nutritional 
quality of the present vegetation and 
of that which was virgin in the area. 
The vagaries of the weather are much 
more disastrous to his agriculture via 
poorer soil as poor nutrition than they 
once were. Nutrition in the fullest sense 
must, then, be declining along with the 
fertility of the soil and with the suc¬ 
cessive harvests of crops. 

Successive stages of increasing soil 
development under higher rainfall give 
decreasing soil fertility under natural 
conditions. The increasing rainfall 
{temperatures constant) in the United 
Stales as we go east ti>ward the Atlan¬ 
tic from the soils that once* grew pro- 
tt'iiis for the bison s body makes for a 
decreasing supply of the total essen¬ 
tial elements coming from the soil as 


ests on which even such life cannot 
survive. This is a principle of soil fer¬ 
tility in relation to the climatic pattern 
of natural soil development that con¬ 
trols the ecological patterns of diflFerent 
life-forms via protein production by the 
soil. It tells us to expect the nutritional 
values to dwindle as we intensify the 
soils use without concern about main¬ 
taining fertility adequate fox the plant 
composition and the food values we ex¬ 
pect the soil to deliver. This principle 
is basic in outlining the rebuilding oi 
the soil now that almost every corner of 
the earth has been exploited. 

Managed Agriculture Demands Uplift 
and Integration of More Soil Factors 
than the Limiting One 

Attempts to offset exploitation of the 
soil have brought on the practice of 
using chemical and mineral fertilizers. 


nutrition for microbes, plants, animals, ^ major practice is the liming of the 
and men. However, the relative de- —-**' /—> 
crease in supply of calcium, which ele¬ 
ment the soils must give generously for 
the production of protein-rich forages 
(illustrated by lime for legumes and 
better grasses), is much greater than 
the decrease in potassium, which serves 
in the plant’s production of carbohy¬ 
drates. Thus, with increasing soil en¬ 
velopment, the fertility supporting the 
plant’s biosynthetic processes of con¬ 
verting the carbohydrates into protein 
is lost first (relatively high calcim^ loss 
from the soil), while the fertility sup¬ 
porting the photosynthesis of carbohy¬ 
drates continues to give crops of 
siderable vegetative bulk (illustrated 
by sufficient potassium). 

The changing ratio between amounts 
of calcium and potassium shifts the eco¬ 
logical pattern from the grasses and 
legumes of high nutritional value per 
acre (providing proteins along with 
carbohydrates for the original herds of 
bison) eastward to deciduous forests 
able to support only a few browsing 
animals and then to the coniferous for- 


soil (originally to remove soil acidity) 
in order to restock it with calcium and 
magnesium (Fig. 134). These two ele¬ 
ments are required in the highest ac¬ 
tive amounts within the soil for ex¬ 
change to the plant roots. Phosphorus 
has been used both as the natural min¬ 
eral and in chemically treated forms. 
Others, like potassium, serving among 
the cations in smaller active amounts in 
the soil, are now more commonly re¬ 
quired as treatment if soils are to pro¬ 
duce. Nitrogen, a fertilizer of the crop 
more than of the soil, and available 
now as the result of advances in chemi¬ 
cal processing of this inert gaseous ele¬ 
ment from the atmosphere, is serving 
extensively as a soil treatment. It has 
two alternatives: (1) oflEsetting soil ex¬ 
ploitation when we purposely use ni¬ 
trogen to build up the organic matter 
in the soils at the same time that the 
crop production is increased and (2) 
increasing soil exploitation for increased 
crop production in disregard of the 
need to rebuild soils in both their or- 
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ganic and their inorganic essentials 
(Fig, 135), 

In line with the latter view of in¬ 
creased production by soil treatments, 
research in soil chemistry and plant nu¬ 
trition has made progress in its efforts 
to offset soil exploitation in the inor¬ 
ganic essentials. Experimental studies 
using colloidal clay as the medium for 
well-controlled plant nutrition have 
demonstrated that differences in the 


bohydrates but also differences in the 
sugars, starches, hemicelluloses, etc., 
composing them. Likewise, the ratios 
of the different amino acids composing 
the proteins, and the amino nitrogen, as 
part of the total nitrogen, will be vari¬ 
able according as the ratios and 
amounts of inorganic fertility arc varied 
for inov^ement into the root as plant 
nourishment from the soil (Reed, 1953). 

Up to this moment the operation in 



Fig. 134,—Field of soybeans spotted by streaks of better crops where calcium compounds were 
supplied. Liming the soil ser\es the crop because it fertilizes with calcium (or magnesium) and 
not because it reduces soil acidity. Streaks of better crops of soybeans resulted (right to left) 
from (a) calcium chloride, (b) calcium nitrate, and (c) calcium hydroxide because they all 
provided calcium and not because each (a) made the soil more acid, (h) made it more acid, 
or (r) made it less acid. 


ratios of the several inorganic fertility 
elements active on this soil fraction 
britig about differences in both the pro¬ 
teins and the carbohydrates as plant 
comjiosition. Thus, by different ratios, 
or variable balance, of calcium and po¬ 
tassium we can grow either much plant 
bulk mainly of high carbohydrate with 
low protc'in content or, vice versa, less 
bulk of higher protein concentration 
and low carbohydrate content. By vaiy- 
ing the fertility ratio in only these two 
cations in the soil, there are brought 
about not only different amounts of car- 


agriculture of this basic principle of soil 
fertility in relation to crop production 
has exemplified itself in (1) the intro¬ 
duction of crops mainly for increased 
yields of carbohydrates and in (2) 
managed crop composition and im¬ 
proved yield under the program of test¬ 
ing of soils for the appropriate applica¬ 
tion of inorganic fertility. While the in¬ 
troduction of the corn hybrids covered 
itself with some semblance of glory, 
their yield increase comes at the loss of 
their power to procreate themselves by 
their own seed. They suffer also in be- 
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ing of lesser value in animal nutrition 
because of their reduced concentra¬ 
tion of crude protein and its deficiency 
in certain required amino acids, not¬ 
withstanding their reputation as the 
crop giving high farm income. 

More particularly, the principle of the 
ratios to one anotljer of tlu^ many active 


for production of plants of certain nu¬ 
tritional value in their proteins in bal¬ 
ance with their carbohydrates as well 
as (2) generous total yields of them 
mainly as carbohydrates per acre 
( ihicl .). 

As a result, 75 per cent of the soil’^ 
exchange capacity might well be satu- 



inorganic fertility elements in the soil 
for control of the biosynthetic services 
by crops has oflEered decided promise 
when applied in relation to increased 
protein production along with the car¬ 
bohydrates. Thus we can use the soil to 
grow more nearly balanced nutrition. 
It has given us the concepts of (1) spe¬ 
cific ratios of active fertility elements 


rated by calcium; 7.5-10 per cent by 
magnesium; and 2.5-5 per cent by po¬ 
tassium for the growth of forages rich 
in protein and carrying also the quota 
of the many other inorganic elements— 
the vitamins, enzymes, hormones, and 
other essential compounds associated 
with proteins and required for propei 
animal nutrition. Thus, via soil manage- 
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ment, there becomes possible the pro¬ 
duction of crops with nutritional pur¬ 
poses in mind. By such management 
soil moves into the food-creating cate¬ 
gory rather than growing only filler 
feeds for fattening values (Albrecht, 
1954Z?). 

While man has been bringing about 
destructive chemical changes in his soil 
community, he has also learned much 
about constructive soil management. 
This is the exception rather than the 
rule in practice. It is hoped that con¬ 
structive soil management will domi¬ 
nate, so that improved soil communi¬ 
ties will result in better nutritional sup¬ 
port of man. Research evidence from 
soil study has outlined many essentials, 
pointed out hazards, and suggested the 
high costs of maintaining a soil commu¬ 
nity for the continued nutrition of sed¬ 
entary man (Figs. 136 and 137), 

BIOCHEMICAL CHANGES IN THE SOIL 
COMMUNITY VIA MAN 

When the soil community is viewed 
as a biochemical entity, we recognize 
within it many microscopic living forms 
and their life-processes, including the 
use by the plant roots of the sunlight 
on the plant top to derive energy. Plant 
roots bring a stream of carbon dioxide 
down into the soil by way of their res¬ 
piration. To this, there is added what 
comes from the microbial forms oxidiz¬ 
ing the returned organic remains. Con¬ 
sequently, the soil air represents a con¬ 
centration of 1 per cent of carbon di¬ 
oxide, to give a high acid concentration 
along with all the other decomposition 
products of both catabolic and anabolic 
origin. The exploitation of the soil in 
disregard of a generous return of or¬ 
ganic matter represents biochemical 
destruction of the virgin soil much in 
advance of, and in a higher degree than, 
that under chemical and physical ex¬ 
ploitation. Unfortunately, our observa¬ 
tions on the biochemical changes of the 
soil community have been few. The 


tools for their recognition and critical 
inventory have not yet been so plenti¬ 
fully designed. When inorganic chem¬ 
istry has developed as a phase of soil 
science so late, we should not be sur¬ 
prised that organic chemistry has not 
yet turned its light more strongly on 
plant physiology as modified by the or¬ 
ganic aspects of the soil. 

Because we can grow certain plants 
in water cultures of purely chemical 
salts, the erroneous conclusion has been 
drawn that plants do not therefore take 
organic compounds from the soil for 
their physiological service. Plant stud¬ 
ies have demonstrated that a great vari¬ 
ety of organic compounds is absorbed 
by the plant root from the soil, since 
their soluble amounts within the soil 
may represent as high a concentration 
as that of the inorganic compounds 
(Miller, 1938, p. 297). A long list of 
carbohydrates has been assembled from 
tests, showing them taken up by the 
roots and serving the plant as an energy 
source in the absence of light. 

With the addition of certain vitamins 
to sterile, mineral-nutrient solutions, 
excised root tips have been grown over 
long periods of time in the dark with 
sugars, via root absorption, supplying 
the energy (Robbins and Schmidt, 
1938). Organic acids are also absorbed 
by plant roots. Nitrogen in organic com¬ 
pounds is no exception when the ex¬ 
tensive list of amino acids may serve as 
well as many other organic nitrogenous 
compounds. These experiments suggest 
that organic substances very common¬ 
ly* supplement, but in few cases replace, 
the inorganic nitrogenous salts. But, 
when man and his herds have been so 
closely associated and interdependent 
on soils (Albrecht, 1952a), the return 
of the animal manure may have been 
more significant in terms of organic 
compounds returned for crop produc¬ 
tion than we commonly recognize. Ma¬ 
nures suggest fertility values tran¬ 
scending those represented by their ash 
contents only. 
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Kentucky AgHculiural Experiment Station 


Fig. 136.—Trends of yields of com and wheat under various treatments with ‘^nothing” re¬ 
turned to the soil {aibove), compared with yields where manure, limestone, phosphate, and 
potash were combined {below). 








Photos courtesy ohJohn Bushndl, Ohio Agricultural Experiment Station 
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amino acid—tryptophan. The indole unteer weed crops and the planted bean 
ring seems to be a requisite when bean crops in the sand of abandoned, experi- 
plants have demonstrated their absorp- mental cat pens (Fig. 138). The cats 
tion of this compound from the soil and had buried their dung during two years 
have deposited it into the seed, with while being kept under study for dif- 
the fecal odor of the indole detectable ferential development because of a 
there. It is also significant when the cooked diet in which milk was the only 
indole ring is so much of the indole- variable. The cats were segregated in 
acetic acid and related compounds pens according as they were fed on (1) 
serving as the major growth hormone condensed, (2) evaporated, (3) pas- 
of plants (Thimann, 1954). teurized, and (4) raw milk. No other 

The significance of indole as a fecal soil treatment or fertilizer was used 
waste, resulting from the digestion of (Pottemger, 1946). 

the amino acid tryptophan, impressed The weeds, showing wide differences 
itself in some observ^ations on the vol- in amount of growth, were removed. 



Photos courtesy oj Francis M. Pottenger, Jr., M.D. 


Fig. 138.—The effects derived from controlled diets on the growth quality of a weed and a 
bean crop. Cat dung, buried in sand during two years of experimental feeding of male cats on 
evaporated milk {left) and raw milk (right), when all else in the diet was cooked and constant, 
brought differences in the volunteer weed crop (upper photos) and shifted the “dwarf' bean 
to a ‘pole" bean (lower photos ). 
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and each of the pens (male cats sepa¬ 
rate from the female) planted with two 
rows of a “dwarf” bean, all from the 
same lot of seed. Wherever the cats 
diet contained the heated milks, the 
plant growth characters were those of 
what one would call the “bush” or the 
“dwarf” kind of bean. But, where the 
dung from the cats fed the raw milk 
was the fertilizer, the plants were “pole” 
beans, with vines climbing the screened 
sides as high as 6 feet. 

Since the indole odor was present in 
the seeds of the dwarf-bean plants and 
no such odor was detectable in the 
seeds of the pole-bean plants, there is 
the suggestion that intake of the cooked 
milk led to excretion of indole by the 
cats, its absorption by the roots of the 
bean plants, and its mobilization with¬ 
out change into the seed, where the 
protein would be the expected deposit 
guaranteeing sui*vival of the plant spe¬ 
cies. There is the suggestion that drink¬ 
ing the raw milk also led to indole ex¬ 
cretion, but there followed its later syn¬ 
thesis into indoleacetic acid as a hor¬ 
mone to shift the “dwarf” growth char¬ 
acters of the ancestor beans into the 
“pole” growth characters. There may 
have followed the synthesis of some of 
the indole into tryptophan and its dep¬ 
osition into the seed, for which no tests 
were made. 

All this points up that there are some 
biochemical behaviors in the soil re¬ 
lated to plant nutrition and to animal 
nutrition in a degree of refinement we 
have not yet envisioned. It raises the 
question whether man did not bring on 
serious disturbances in the nutritional 
values of his foods coming via animals, 
plants, nncrobes, and the soil when he 
put the plow ahead of the cow to the 
point where he has now almost forgot¬ 
ten the cow. This question is all the 
more challenging, since the nomad had 
the cow ahead of the plow as a kind 
of perambulating soil-tester for its 
health and reproduction, to say nothing 


of the nomads, and since prevailing de¬ 
generative human diseases are now sug¬ 
gesting that we ought to expect such 
troubles in accepting in our nutrition 
almost any foods on caloric values alone 
and “crude” proteins in our nutrition 
in place of the complete array of re¬ 
quired amino acids (Figs. 139 and 140). 

Man has become aware of increased 
needs for health preservation, inter¬ 
preted as a technical need for more hos¬ 
pitals, drugs, and doctors, when it may 
be simply a matter of failing to recog¬ 
nize the basic truth in the old adage 
which reminded us that “to be well fed 
is to be healthy.” Unfortunately, we 
have not seen the changes man has 
wrought in his soil community in terms 
of food quality for health, as econom¬ 
ics and technologies have emphasized 
its quantity. Man is exploiting the earth 
that feeds him much as a parasite mul¬ 
tiplies until it kills its host. Slowly the 
reserves in the soil for the support of 
man's nutrition are being ejmausted. 
All too few of us have yet seen the soil 
community as the foundation in terms 
of nutrition of the entire biotic pyra¬ 
mid of which man, at the top, occu¬ 
pies the most hazardous place. 

SUMMARY 

The physical, chemical, and bio¬ 
chemical changes in the soil community 
brought about by man have represented 
soil destruction so much more than soil 
construction that they have brought 
into sharp focus the problem of food 
for population numbers mounting geo- 
nietrically. This focus is all the sharper 
when land areas are not only shrinking 
as areas but in food quality per unit 
produced. 

Man has changed the soil to reduce 
its services in the absorption and stor¬ 
age of rainfall. These changes have in¬ 
creased our droughts. Those are now 
starting—from the soil—a set of chain 
reactions amounting to near-national 



1951 



Courtesy of United States Marketing Services, Topeka, Kansas 


Fic. 139.~The concentration of crude protein in the wheat of Kansajs by 
been declining during successive years of sampling. * ^ 


county averages, has 
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emergencies. The soil exploitation, de¬ 
structive of that creative resource, is 
lowering the quality per unit of agri¬ 
cultural output. Lowered protein con- 
tent of crops grown is the major single, 
summarized report of what man has 
brought about via the several soil 
changes. 

When the population pressures on 


ogy for us to manage conservatively all 
the natural phenomena via agricultural 
soils. In consequence, continued soil 
exploitation must eventually be recog¬ 
nized as causative of many biotic mani¬ 
festations which are simply hidden 
hungers originating in the deficiencies 
of the soil. As the shrinkage of the sup¬ 
porting soil areas under each of us con- 



examinations of Navy inductees related to respective soil regions. 
The above numbers revealed cavities, HUings, or total caries per inductee, as a mean of 69 584 

nel^of ^hese were lowesUn J^^JdS 

wS development of the soil according to the climatic forces but were higher to the 

mS «*h?Sr ovidevelop- 


the soil give it no rest for natural re- 
construction, and when the farmer’s 
economic entanglements similarly pre- 
clude such rest, the depletion of the fer¬ 
tility of Ae soil, by which it gives bio¬ 
chemical as well as chemical activities 
in food service, must push this service 
to a lower and lower potential. 

Science, having given so much to 
technology, has not yet collected and 
organized enough knowledge of biol- 


tinues, or as more of our lifelines back 
to the soil are shortened and severed, 
we hope we shall gather sufficient 
knowledge soon enough to balance in¬ 
creased population against the pressure 
of increased food output, while still 
maintaining the productivity of the soil. 
For that, knowledge gained from our 
past soil destruction may well contrib¬ 
ute some principles of wise manage¬ 
ment for sustained soil construction I 
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The Moving Finger writes; and, having writ. 

Moves on: nor all your Piety nor Wit 
Shall lure it back to cancel half a Line, 

Nor all your Tears wash out a Word of it. 

Ruhdiydt of Onmr Khayydm, trans. FitzGerali> 
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The Re-creative Power of Plant Communities 

EDWARD H. GRAHAM" 


The purpose of this paper is to dis¬ 
cuss human dependence and impact 
upon vegetation and particularly to 
point to the possibility of environmental 
improvement by using the re-creative 
power of plant communities. The word 
“vegetation” is here used to mean plant 
communities as they occur in nature, 
whether or not disturbed by man. 
Plant communities represent and are a 
part of an environmental situation. 
They have botanical characteristics 
that identify them, and they possess 
dynamic qualities expressed by certain 
biological processes. Among the most 
important of such qualities is the power 
of plant communities to reconstitute 
themselves when the cause of disturb¬ 
ance disappears. We shall comment on 
this dynamic quality of vegetation later. 
The paper deals not with plants of 
arable or cultivated lands but with 
plants in natural communities either 
native to the site they occupy or eco¬ 
logically related to such a site. 

THE EARTH S VEGETATION 

As background, we may first con¬ 
sider James's estimate of the distribu- 

• Dr. Graham is Director of Plant Technol¬ 
ogy, Soil Conservation Service, United States 
Department of Agriculture, Washington, D.C. 
In 1954 he was awarded a John Simon Gug¬ 
genheim Memorial Foundation Fellowship for 
a comparative study of the use of land re¬ 
sources in selected countries of the New and 
Old Worlds. His publications include: Botan¬ 
ical Studies in the Uinta Basin of Utah and 
Colorado^ 1937; Legumes for Erosion Con¬ 
trol and Wildlife, 1941; and Natural Principles 
of Land Use, 1944. 


tion of world vegetation. Admittedly a 
generalization, it helps to orient us. 
There are few parts of the world which 
have not supported communities of 
higher plants, although in extreme 
deserts, as the central Sahara, and in 
polar areas, vegetation may be absent. 
The world's vegetation, prior to histori¬ 
cally widespread human disturbance, 
may have oeen distributed approxi¬ 
mately as follows (James, 1935): trop¬ 
ical forest, 13 per cent; boreal forest, 9 
per cent; mid-latitude mixed forest, 7 
per cent; Mediterranean scrub forest, 1 
per cent; dry lands, 17 per cent; grass¬ 
lands, 19 per cent; mountain, 18 per 
cent; polar, 16 per cent (total, 100 per 
cent). 

Estimates by the Food and Agricul¬ 
ture Organization of the United Na¬ 
tions indicate that about one-fourth of 
the world’s land area today is forested. 
While this is less than James's estimate 
of land originally forested, it would 
seem that the bulk of the world’s land 
suited to forest persists in trees. Most 
natural grazing lands also remain vege¬ 
tated, for the FAO estimates that 20 
per cent of the earth's land surface is 
now in “grassland,” that is, vegetation 
consisting of grasses, legumes, herbs, 
and shrubs. Today, according to the 
FAO, about 10 per cent of the world’s 
land is in crops, while 40-45 per cent 
is barren desert, polar, or high moun¬ 
tain areas (Semple, 1951). 

But it is important to recognize that, 
while the extent of land supporting nat¬ 
ural vegetation has not materially 
changed, the composition of most of 
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the earths vegetation has been sub¬ 
stantially altered within historic time. 
It will be useful to consider some of 
the factors that have influenced this 
change. 

MANS df:pf:ndfnc:£: upon vpcptation 

Man has long depcaided upon plants 
as his primary source of nourishment, 
although wild animals, from both the 
land and the sea, yield valuable food. 
Domesticated livestock of various kinds 
also furnish food, but today 85 per cent 
of the world’s food is derived from 
plants (Pearson and Harper, 1945). 

Not only food but much shelter and 
clothing come from plants. Ever since 
the development of weaving, liber 
plants have produced the raw materials 
for cloth. Synthetic fibers continue to 
be derived largely from cellulose. Wood 
has long been the most readily avail¬ 
able fuel and the most easily adaptable 
building material. Plants have pro¬ 
duced, in both the ancient and the 
modern world, many other materials 
needed by man. Vegetable oils, medi¬ 
cines, intoxicants, perfumes, dyes, gums, 
resins, spices, plastics and other syn¬ 
thetics, alcohol, furniture, and many 
other essential adjuncts of civilization 
come from plants. 

Less obvious than the products of 
plant species, but more germane to 
our discussion, is the value of plant 
communities. After thousands of years 
of use in many parts of the world, nat¬ 
ural plant communities still support 
livestock on the open range and pro¬ 
duce timber in the world’s forests. 
These plant communities, while not 
often now constituted entirely of spe¬ 
cies that were part of the undisturbed 
vegetation, have a floristic composition 
related to their original one and to the 
site upon which they grow. 

Nor will the wizardry of modern 
science and technology remove us from 
our reliance upon vegetation. Technol¬ 
ogy itself feeds upon raw materials. A 


rising world population increases the 
demand for food, clothing, and shel¬ 
ter. Through struggles for higher levels 
of living, social orders become accus¬ 
tomed to more and more material 
goods. The reports of national and in¬ 
ternational bodies point almost monoto¬ 
nously to the need for greater produc¬ 
tion. And much of this needed produc¬ 
tion will of necessity derive from plant 
resources and from the world’s vegeta¬ 
tion. 

man’s impact upon vegetation 
The influence of man upon native 
vegetation is the most conspicuous 
modification of his environment. I.,and 
in cultivation, being maintained by con¬ 
stant care and attention, is always dif¬ 
ferent in aspect from its appearance be¬ 
fore cultivation, which in this paper 
refers to the process of maintaining an 
area in tilled crops, hay, pasture, vine¬ 
yards, or orchards. Forests that are 
lightly cut and range land that is lightly 
grazed may show little change in as¬ 
pect, although there may be some dif¬ 
ference in species composition. Heavily 
used range land shows a much greater 
change and may finally support only a 
scattered stand of shrubs or annual 
plants largely non-palatable to stock. 
Forests destroyed by lumbering, fire, 
and grazing may become transformed 
into low-yield grazing land. 

Severe depletion of natural plant 
cover often results in soil erosion and 
sedimentation of streams, lakes, and 
reservoirs. The result in some parts of 
the world has been to render the land 
no longer capable of supporting the 
type of vegetation naturally occurring 
on the site or even the plants which 
were cultivated there before the ac¬ 
celerated erosion rendered the site use¬ 
less. Thus an irremediable change may 
be rendered in the capacity of human 
environment to provide the plant re¬ 
sources needed by man. 
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Fire 

In spite of controversies as to its 
exact impact, fire has probably modified 
the composition of vegetation for a 
longer time than any other influence 
mentioned in this paper. Lightning 
may always have set fires in forests and 
grasslands and may well control vege- 


existence of this vegetation de])ends 
upon the burning, as proved by the 
dense deciduous forest that develops 
wherever an area is protected from 
fire. Fire was and still is widely used in 
attempts to improve brush- or tree- 
covered land for livestock or wild game. 

Throughout the humid tropics shift¬ 
ing cultivation has been possible only 



Fig. 141.—Shifting cultivation in Panama. Note the cornfield in lower left, forest in upper right, 
and intermediate stages of reforestation on the slope between. 


tation types in some regions. Primitive with the use of fire. Forest trees, girdled 
man undoubtedly caused fires, by acci- or felled, in the dry season are burned, 
dent if in no other way, as by deserted In the areas thus opened, crops may be 
campfires. More often he set fires pur- grown for a few years before produc- 
posely. This he did in native grasslands tion drops and the plot is abandoned 
to provide fresh growth for his grazing to revert to trees. The cultivator then 
herds. The American Indian, and the shifts to a new area cleared and burned 
white settlers who succeeded him in for the same purpose (Fig. 141). Here 
the southeastern United States, regu- is use of fire in a type of vegetation 
larly burned the pine-broomsedge which does not burn unless it is first 
vegetation of the coastal plain. The altered by man. 
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Clearing for Cultivation Grazing 

All the land now devoted to the Along with the development of cuJti 
raising of cultivated plants, both an- \ated crops, man domesticated a num- 
nual food plants and perennials that her of animal species. While some of 
provide economically valuable prod- these arc carefully husbanded, as the 
ucts, was once occupied by some type chicken and hog, man has depended 
of native vegetation. Some six thousand largely on native vegetation as sus- 
years ago or more, cereal grains had tenance for most of them, as camels, 
been sufficiently developed from wild goats, sheep, cattle, and horses. The 
grasses that they could he sowed and cultivated river valleys of the ancient 
grown in open, dik'd fields. Perhaps the world are bordered by semidesert areas 
first areas to be cleared for cultivation which undoubtedly once supported 


were the great river deltas of the Nile, 
Tigris-Euphrates, and Indus. By drain¬ 
age and irrigation these estuaries were 
made suitable for wheat, barley, and 
other early crops, with tilled fields re¬ 
placing the marsh vegetation that must 
have occupied such habitats. Alluvial 
areas in the Orient were transformed 
to rice fields by water-spreading. It is 
of considerable interest that even to¬ 
day, when so much cultivation has 
moved to the uplands, one-fourth of 
die world's inhabitants get their food 
from irrigated crops (Pearson and 
Harper, 1945). 

As the need for food grew with the 
spread of ancient civilizations, and as 
tools were develop* ?d and new plants 
were added, land in trees and grass 
were cleared for cultivation. The for¬ 
ests of China, Europe, and eastern 
North America, the grasslands of Rus¬ 
sia and the United States, yielded to 
the agricultural pressures of expanding 
populations. In spite of the increasing 
demands of the modern world for plant 
products from cultivated land, not more 
than one-tenth of the earth’s land sur¬ 
face has the combination of climate, 
topography, and soil adapted to food 
crop production (ibid.). We have al¬ 
ready noted this to be the percentage 
that the FAO estimates is now in crops. 
Although this proportion of land area 
is small, it is inherently the world’s most 
productive land and furnishes 90 per 
cent of our food supply (Semple, 1951). 


vegetation far different in both compo¬ 
sition and density from what it is to¬ 
day. These arid lands still support live¬ 
stock of nomadic tribes, as they did the 
herds of antiquity. As man spread with 
his crops and flocks, any accessible 
area of natural grassland made useful 
pasture. Brushland and forest were 
grazed for the stock feed they pro¬ 
vided. The intensity and type of graz¬ 
ing determined the very composition 
of the vegetation until, in many parts 
of the world, the result was a large 
number of poorly nourished animals 
barely existing on an equally poorly 
nourished type of vegetation main¬ 
tained by the constant pressure of the 
livestock themselves (Fig. 142). One 
of the terrific impacts upon vegetation 
has been that of the domesticated graz¬ 
ing animal. 

Lumbering 

Use of wood from the time man first 
gathered it for fuel has made demands 
upon woody vegetation. It is of interest 
to note that two-thirds of the people of 
the world still use wood for cooking 
their food (Orr, 1946). In this respect 
wood and the land that produces it 
become an integral part of the world’s 
food supply. The demand upon forests 
for building materials is age-old. Dur¬ 
ing the Third Dynasty—nearly five 
thousand years ago—Egypt drew upon 
the forests of the eastern Mediterranean 
for timbers to supplement stone in the 
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building of its cities. The timbers were 
carried in wooden ships, some of them 
170 feet in length (Childe, 1950). Solo¬ 
mon, for the construction and orna¬ 
mentation of his famous temple and 
palace, had “fourscore thousand hewers 
in the mountains” to get the cedars 
from the hills of Lebanon. Today these 


tures. In Europe, when mining became 
important, forests were destroyed near 
the mines to furnish mine props, carts, 
water pi 2 Xis, and fuel. The most impor¬ 
tant of machine tools, the lathe, was 
originally made of wood, the woodman 
becoming father to the engineer. And, 
in the trojDics, forests were changed by 



hills are treeless (Fig. 143). Mediter¬ 
ranean shipping during the Roman 
period, unsurpassed until modern time, 
was in wooden bottoms. Some of the 
grain ships carried 1,200 tons and trans¬ 
ported yearly to Rome alone as much 
as 15,000,000 bushels of grain from 
Egypt and North Africa (Casson, 
1954). 

As civilizations pushed from arid 
lands to temperate areas, forests were 
cleared for living space, fields, and pas- 


the use of shifting cultivation, already 
mentioned. Shantz (1948, p. 67) has 
stated that “in tropical Africa* today the 
forest area is about a third of what it 
could have been except for the ravages 
of fire and the destructive practices of 
the agriculturists.” 

Our demands for wood are still tre¬ 
mendous and are increasing as we find 
new ways of using it. The destruction 
of forest vegetation, especially as it ex¬ 
poses soil to erosion and deterioration. 
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is another of the important influences 
rendering land less fit for human use. 

Water Control 

One of the human impacts upon veg¬ 
etation that is at least locally significant, 
and is constantly assuming wider 
importance, is the flooding of land or 
the removal of water from or near its 


the ancient and in tlie modern world, 
denudation of forested hills and moun¬ 
tains has increased stream sedimenta¬ 
tion. Frequently one of the results is 
the creation of large detrital fans of 
coarse material that smothers rich allu¬ 
vial soils and existing vegetation (Fig. 
144, a, h). In other places finer mate¬ 
rial may be so distributed over flood 



surface. The changing of the marsh 
vegetation of deltas and other alluvial 
lands by the ancients has already been 
cited. The careful application of water 
to irrigated fields, such as the rice ter¬ 
races of the Philippines, alone makes it 
possible to maintain those areas in 
agricultural production and to prevent 
revegetation by plant communities that 
would otherwise occur there. This is, 
of course, true wherever irrigation has 
been practiced. In many places, both in 


plains as to change the existing plant 
cover to communities of marsh plants. 

More recently the construction of 
artificial ponds, lakes, reservoirs, and 
large river impoundments has become 
widespread. Flooding by the reservoir 
behind a dam destroys all higher plants 
in the area covered by the water, pro¬ 
hibiting the growth of natural plant 
communities or cultivated crops on the 
inundated land. Comparatively small 
in relation to the total land in cultiva- 






Fig. 144.—Erosional deposits as a result of disturbed vegetation of watersheds. In both the 
New and Old Worlds, disturbance of the vegetation of a watershed results in accentuated runoff 
and erosion. 

a) Detrital fan of stream entering Lake Atidan in the highlands of Guatemala. 

b) Heavy erosional debris, washed from the valley into the Portaikos River near Trikkala 

Greece. ' 
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tion, the amount of hind iinnidiitcd bv 
the works of man is nevertheless signii- 
leant In the United States not less than 
10,000,000 acres have been covered by 
artiBcially impounded water (accord¬ 
ing to unpublished estimates by the 
United States Soil Conservation Service 
and the United States Geological Sur¬ 
vey). While the compensating values 
of water use are in no way denied, it is 
suggested only that the effect of water 
control upon vegetation, whether it re¬ 
sults from drainage, irrigation, or im¬ 
poundment, is real and often important. 

Urban Developments 

A contemporary demand for land and 
an influence upon the vegetation it sup¬ 
ports are seen in the rapidly expanding 
acreage of urban and other non-rural 
developments. Throughout the world 
these demands are evident in varying 
degrees. In England a most important 
land-use problem is the conflict be¬ 
tween urban and rural demand for 
land. In the Low Countries criteria are 
being developed as guides for preserv¬ 
ing highly productive truck-crop soils 
where they are threatened by expand¬ 
ing cities. In the period 1910-50, 
40,000,000 acres in the United States 
were absorbed by towns, cities, and 
urban industrial developments (Woot¬ 
en, 1953), and there is little reason to 
believe that this rate of 1,000,000 acres 
per year needed for such purposes will 
decrease appreciably in the immediate 
future. A single modern airport re¬ 
quires 5,000 acres or more. Modern 
highways are scheduled to absorb mil¬ 
lions of acrf\s of land in the United 
States. When the human population in¬ 
creases, th.e demand for food, clothing, 
and shelter increases. In the Western 
world particularly, the trend toward 
suburban living and dispersed industry, 
together with the establishment of more 
airports, highways, parks, and recrea¬ 
tional areas, requires land. Some of this 
acreage will come from land now in 
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cultivation, some from grassland, and 
some from forest In any event, this 
new and growing impact of man upon 
nature is in many instances a major in¬ 
fluence upon vegetation. (See Harris, 
pp. SS2-85 below.) 

UKSULT OF HUMAN IMPACT 

Let US briefly summarize some of the 
results of man’s influence upon the 
(^arths plant cover, before pointing to 
the value and use of an understanding 
of the dynamic qualities of vegetation. 

The extreme effect of man upon nat¬ 
ural vegetation is illustrated by his 
maintenance of the tilled field. The 
farmer exerts the maximum control of 
natural vegetation. That this dominance 
is far from absolute is shown by the 
time and cost involved in weed control, 
even in modern agriculture. In spite 
of annual plowing and repeated culti¬ 
vation throughout the growing season, 
annual weeds—initiating the process of 
revegetation—will invade the fields. In 
the United States nearly four billion 
dollars’ damage occurs annually from 
weeds on agricultural land (Shaw, 
1954). 

Where he has removed the native 
vegetation and restricted the plant 
cover to a single species of annual 
plant, man has created conditions on 
cultivated fields that cause accelerated 
soil erosion. On slopes with erosive 
soils the result has often been disas¬ 
trous. This subject has been adequate¬ 
ly treated elsewhere (Bennett, 1939; 
Jacks and Whyte, 1939), but it may be 
wefll to reiterate that accelerated soil 
erosion with the attendant loss of tilth 
and fertility, due to cultivation, over- 
grazing, and lumbering, is undoubtedly 
the most serious result of man’s dis¬ 
turbance of the earth’s vegetation. 

Forests have not only been replaced 
by cultivation; they have been trans¬ 
formed to other kinds of plant com¬ 
munities. The once-timbered hills of 
Attica, Greece, are clothed now with 
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scattered woody shrubs and weedy 
perennials like Asphodelus, unpalatable 
to goats and other livestock which exert 
a pressure upon the vegetation as posi¬ 
tive in its way as the control of the 
agriculturist in his crop fields. In the 
British Isles and northwestern Europe 
a uniform cover of heather, maintained 
by grazing sheep, supplants the tem¬ 
perate forest. When the sheep are re¬ 
moved, birch and pine immediately in¬ 
vade the heather. 

In many places where the forest has 
not been destroyed, changes are never¬ 
theless real. Cutover land is often re¬ 
occupied by forest communities quite 
different in tree species from the ones 
there when the timber was first cut. 
For example, after cutting, a mixed de¬ 
ciduous-coniferous forest in northeast¬ 
ern North America may be replaced by 
deciduous species, owing to their abil¬ 
ity to reproduce by stump sprouts. If 
the ax is followed by the plow, and the 
land is subsequently abandoned, the 
old fields will, throughout most of the 
eastern United States, become popu¬ 
lated with various species of pine, de¬ 
pending upon the region. Ultimately, 
hardwoods are seeded among the pines 
by birds and mammals. When the pines 
die or are cut, they will be replaced by 
deciduous species or a mixed hard¬ 
wood-coniferous stand. 

Woodlands are frequently pastured, 
and the grazing may eliminate repro¬ 
duction by many tree species. The 
trampling of the animals may decrease 
infiltration of water into the soil and 
increase runoff and erosion, not only 
changing the species composition of 
the woods but creating a different 
microclimate as well. 

In grassland, desert shrub, or savan¬ 
na, the grazing of stock maintains veg¬ 
etation quite different from that which 
occupies the site without grazing, as 
already noted. No one knows what the 
semiarid range lands of North Africa 
and the Middle East, grazed for millen¬ 


niums, once were like. In the United 
States we can reconstruct native grass¬ 
land from records of early explorers, 
travelers, and botanists. And usually, in 
protected spots, there are relicts—spe¬ 
cies of the aboriginal plant communi¬ 
ties—to be found that lend a clue. Thus 
we are able to reconstruct native plant 
communities and understand the proc¬ 
ess involved when they move to recon¬ 
stitute themselves. Here is the key to 
our ultimate manipulation and man¬ 
agement of vegetation. 

Let us look at an illustration in the 
grazing land of southern Idaho (Fig. 
145, a-d). Today in this area well- 
drained bottom lands and alluvial fans 
support woody sagebrush ( Artemisia 
tridentata) and rabbit brush (Chryso- 
thamnus sp.), which may occupy 70 
per cemt of such sites. Perennial and 
annual weeds compose most of the re¬ 
mainder of the vegetation. This plant 
community dominated by shrubs and 
weeds is referred to by* range-manage¬ 
ment technicians as "poor condition'* 
for grazing livestock because 15 acres 
are reejuired to support one cow for a 
month. Yet scattered in the protection 
of the shrubs and in other spots where 
grazing stock cannot reach them are 
perennial grasses such as blue bunch 
wheat grass (Agropyron spicatum) and 
Indian rice grass {Oryzopsis hymen- 
aides), constituting not more than 5 
per cent of the stand. 

If grazing pressure is lessened to 
where 5 acres will support a cow for 
a month, the wheat grass and rice grass, 
plus other perennials such as Nevada 
blue grass {Poa nevadensis), increase 
to compose 25 per cent of the vegeta¬ 
tion, with correspondingly fewer weeds 
and woody shrubs. These grasses, more 
nutritious and palatable to stock, so 
change the nature of the vegetation 
that the range is said to be in "fair con¬ 
dition.” 

Where the perennial grasses occupy 
50 per cent of the site, it then supports 





^ in quality of range vegetation, produced by intensity of grazing pressure. 

Vegetation often responds rapidly to change in use. In southern Idaho, this change is illustrated 
by me ccmdition of vegetation corresponding to the intensity of grazing. 

“excell^n^^rMge^n^ti^^ preponderance of perennial grasses palatable to livestock constitutes 
b) The same site changes to “good" condition where heavier use reduces the grasses. 


fiRfi 





c) More intensive utilization changes the vegetation to a “fair” condition, with woody shrubs 
and weeds evident, the grasses scarce. 

d) "Poor” condition is indicated by a plant community dominated by shrubs and weeds, the 
result of very heavy grazing. 
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a cow on 3.5 acres, and the range is 
said to be in ‘good condition.” 

In some places 75 per cent of the veg¬ 
etative cover consists of perennial 
grasses—blue bunch wheat grass, Ne¬ 
vada blue grass, Indian rice grass, and 
Idaho fescue {Festuca idahoensis). 
This is “excellent condition,” for the 
site then supports a cow per month on 
only 1.8 acres, and shrubs like sage¬ 
brush and rabbit brush are uncommon 
—never more than about 15 per cent of 
the total. Such excellent range supports 
a thick stand of the perennial grasses 
with accompanying litter and mulch, 
and soil erosion is reduced to a mini¬ 
mum (Dvksterhuis, 1949; Renner, 
1948). 

What is the significance of this exam¬ 
ple? Excellent condition represents veg¬ 
etation comparatively undisturbed by 
man even after seventy-five years of 
use. The greater the pressure of man’s 
use—in this case his grazing herds—the 
greater the change in the composition 
and character of the vegetation. The 
plant species most palatable to cattle 
are eliminated. The resulting vegetation 
is less able to support grazing animals, 
as seen by the increase in the acreage 
of vegetation required—from 1.8 acres 
per cow per month for excellent range 
to 15 acres per cow per month for range 
in poor condition. Much of the grazing 
land of the world is in poor condition 
and is an expression of the kind and 
intensity of use placed upon it. Both 
the prevailing vegetation where no use 
is made of it by man and its potential¬ 
ity for use depend upon the site—soil, 
climate, and the total of environmental 
factors. When use is involved, it often 
becomes the factor that determines the 
existing condition of the vegetation 
(Graham, 1944). Wind, avalanche, ice, 
fire, insects, and other non-human in¬ 
fluences also change the composition of 
vegetation, but their effect is usually 
less extreme than use by man. 


HUMAN REACTION TO IMPACT 

The one great law of vegetation dy¬ 
namics is that the composition of vege¬ 
tation tends always to constitute itself 
in relation to the environmental factors 
that influence the site occupied by the 
vegetation. Use by man is an environ¬ 
mental factor. Where use by man is in¬ 
tensive, that factor overshadows all 
others. When use becomes less inten¬ 
sive, vegetation tends to reconstitute 
itself in relation to other factors. Thus 
it appears that, while man’s impact 
upon vegetation is essentially destruc¬ 
tive, by control of use man can influ¬ 
ence the composition of plant com¬ 
munities within the limits of the natural 
factors influencing the site. The biolog¬ 
ical process involved is never regressive 
or deteriorative in so far as the vegeta¬ 
tion is concerned. It is always progres¬ 
sive, because plant communities tend 
to reconstitute themselves in response 
to the environment. Recovery may not 
always be fulfilled, of course, as in 
cases where the once dominant plant 
species have been extirpated and 
where there is no source of seed. Arti¬ 
ficial seeding of a desired species 
brought from other areas, however, or 
.seeding of ecologically similar species, 
may help to fill the niche. On the other 
hand, where the destruction of vegeta¬ 
tion has resulted in soil erosion suffi¬ 
cient to remove all or the upper hori¬ 
zons of the soil profile, revegetation 
with the plant communities previously 
existing on the uneroded soil is all but 
impossible (Fig. 146, a,b). 

Nearly a century ago George P. 
Marsh, in his pioneer work Man and 
Nature, subsequently published under 
the title The Earth as Modified hy Hu¬ 
man Action (1874), called attention to 
the terrific impact of man upon nature. 
He wrote (p. 34) that “man is every¬ 
where a disturbing agent. Wherever he 
plants his foot, the harmonies of nature 




Fig. 146.—Soil erosion, with attendant loss of tilth and fertility, the most serious result of man’s 
disturbance of the earth's vegetation. 

a) Severely eroded area now being revegetated by protection from grazing and lumbering, 
near Serrai, northern Greece. 

b) Wheat is still planted on portions of this slope, most of which has been rendered useless 
by coptinuous planting. San Rafael de Mucuchies in the Venezuelan Andes (9,000 feet). 
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are turned to discords/’ Man, he stated 
(ibid.), is 'essentially a destructive 
power” in nature. Since the days of 
Marsh, we have learned a great deal. 
The very situation that led Marsh to 
write his book has gradually bt?come 
more generally recognizc'd. Ihe con¬ 
servation inovenicnt’ in America, for 
exami^le, is a social awareness of the 
need for more can'ful management of 
resources. Oiir atlilude toward natural 
resources is entirely different today 
from whcit it was in Mai'sh s time. The 
first century of the industrial age was 
indexed one of resource' destruction—of 
waste in the use of coal, iron, timber, 
and soil. Today great energy is devoted 
to attempts at understanding resources 
—their nature, use, and dcwelopmcmt. 
The're is widespread support for direct¬ 
ing our inventive genius at the sus¬ 
tained jiroduction and intelligent utili¬ 
zation of the things in natures that we 
use. 

Soil conservation, forestry, wildlife 
management, range conservation, and 
modern agronomy, with remarkable 
techniques for care of the land and its 
productivity, have all evolved in the 
past half-cent\iry. Today colleges and 
universities provide professional train¬ 
ing in those fields—all dealing at least 
in part with vegetation. Governments 
ha\’e established buif^aus whose sole 
function is the proper use and develop¬ 
ment of tlie biological resources. Inter¬ 
national organizations direct attention 
to such subjects, and technical assist¬ 
ance programs including attention to 


vegetation are generally supported 
throughout the world. 

Compared to the support given mili¬ 
tary activity, and in relation to the exact 
sciences, such as physics and chemistry, 
the biological sciences and technologies 
are poorly indorsed. With respect to 
vegetation, the great needs are (1) 
study and observation that will increase 
our fundamental knowledge of vegeta¬ 
tion—its behavior and relation to hu¬ 
man impact; (2) better understanding 
of vegetation, its value, and the proc¬ 
esses involved in its management on 
the part of the informed public; and 
(3) improved techniques of working 
with the man on the land in order that 
he can tipply those practices pertinent 
to the use and management of vegeta¬ 
tion. 

Wfu'n we contemplate the condition 
of much of the world’s grazing, timber, 
and other lands that cither now or once 
supported native vegetation, the pro¬ 
ductive management of them seems re¬ 
mote and nearly out of reach. Yet suc¬ 
cessful management has been demon- 
.strated both in the United States and 
abroad. The greatest allies we have in 
this task are the dynamic nature of 
vegetation itsc^lf and the understanding 
of the fact that plant communities pos¬ 
sess the power to reconstitute them¬ 
selves. A fuller understanding of this 
process, and exact application of its 
knowledge to practical affairs, can help 
materially to reduce damage to vege¬ 
tation and to move toward utilizing its 
productive potential. 
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Fire, Primitive Agriculture, and Grazing 
in the Tropics 

H. H. BARTLETT* 


THE EARLY RECORDS 

The use of fire to clear land of felled 
forest for agriculture, as well as the 
burning-over of grassland or brushland 
in hunting and to improve grazing, is 
so ancient that its beginning in time or 
place never can be known with certain¬ 
ty. This is obviously true of tropical 
countries, for which records are scanty 
or lacking. One often-cited fragment 
that bears upon the subject is the Veri- 
plus of Hanno. That ancient Cartha¬ 
ginian voyager sailed through the Pil¬ 
lars of Hercules and down the west 
coast of Africa, some centuries before 
Christ, with the object of founding a 
Carthaginian commercial colony. He 
saw mysterious ard terrifying fires by 
night in an inhabited region, and, 
though he did not discover their cause, 
the modern explanation is that he saw 
the annual burning-over of the grazing 
region south of the Sahara.^ 

® Mr. Bartlett is Professor of Botany and 
Director of the Botanical Gardens at the Uni¬ 
versity of Michigan. He has conducted botan¬ 
ical and ai!,j icultural field work and research 
in Sumatra, the Philippines, Formosa, Mexico, 
Guatemala, British Honduras, Panama, Haiti, 
Argentina, Uruguay, and Chile under the 
auspices of the University of Michigan, the 
United States Rubber Company, the Smith¬ 
sonian Institution, the Gorgas Memorial Insti¬ 
tute, the Carnegie Institution of Washington, 
the University of the Philippines, and the 
Office of Rubber Plant Investigations, Bureau 
of Plant Industry, United States Department 
of Agriculture. He has contributed to various 
journals. 


There is archeological evidence, as 
well as some evidence in classical liter¬ 
ature, of the former greater extent of 
agriculture in the region of the upper 
Nile. Stebbing (192^26) states that 
the Greek observers in Alexander's 
army recorded that east of the Jhelum 
River in extratropical northwestern 
India there was stately forest of wide 
extent where now, in this subarid coun¬ 
try, there are only scattered trees of 
Dalhergia and Acacia. Although these 
records are very important as indicat¬ 
ing exten.sion of subarid conditions in 
historical time, there seems to be no 
specific indication of the agency of man 
in deforestation. Man's actions, how¬ 
ever, must be inferred, because ancient 
ruins prove that there was formerly a 
greater population in the arid lands 
than such lands could now support.^ 

Although ancient records are not very 

1. This explanation was originally proposed 
by Bruce (1790) and accepted by Falconer 
(1797), who has been followed by most mod¬ 
em authors (Busse, 1908; Chipp, 1927; 
Schnell, 1950) but not by Auguste Mer 
(1885), who considered the "fires” to be lava 
flows. 

2. In the lack of actual historical records 
of what has occurred through the agency of 
man in many regions, reasonably close chron¬ 
ological dating of archeological materials is 
being accomplished by means of the carbon- 
14 method. This will be especially important 
in India and will supplement such aatable 
records as exist. For pre-Columbian America 
the dated stelae of the Yucat&n Peninsula are 
the only historical records that may be cor¬ 
related with vegetational changes. 
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helpful so far a.s fire is concerned, it is 
possible to learn much from the litera¬ 
ture of modern exploration and discov¬ 
ery. Because we are concerned here 
with primitive agriculture, we have 
sometimes preferred accounts of a cen¬ 
tury or more ago to the possibly more 
complete later ones. 

ACTIVITIES OF CONTEMPORARY 
TROPICAL PEOPLES 

Much of the effect of man on the 
face of the earth can only be inf€»rred 
from the persistence of ancient folk¬ 
ways among primitive peoples today. 
It is to be assumed that anthropological 
processes, like geological, are subject 
to Lyell’s fundamental rule that we can 
best interpret the past in the light of 
our observation of agencies now in 
operation. It is still possible to study 
primitive agricultural survivals, includ¬ 
ing the employment of fire, in many 
tropical regions. 

Primitive man's reasons for the burn- 
ing-over of land have been stated 
many times. They have been (1) to 
clear forest (or, rarely, grassland) for 
agriculture; (2) to improve grazing 
land for domestic animals or to attract 
game; (3) to deprive game of cover or 
to drive game from cover in hunting; 

(4) to kill or drive away prexlatory ani¬ 
mals, ticks, mosquitoes, and other pests; 

(5) to repel the attacks of enemies or 
to bum them out of their refuges; (6) 
to expedite travel; (7) to protect vil¬ 
lages, settlements, or encampments 
from great fires by controlled burning; 
and ( 8) to gratify sheer love of fires as 
spectacles. 

Shifting Cultivation 

Wherever there are sparse popula¬ 
tions of primitive man within the 
tropics there is also a peculiar type of 
shifting agriculture which exhibits only 
minor variations around the world. In 
Malaya and much of the East Indies it 
is based upon the ladang (Marsden, 


1783; Crawfurd, 1820; Begbie, 1834). 
A ladang is a clearing in the forest 
which is used for only one, two, or 
maybe four years and then abandoned.'* 

llie chief American writer on shifting 
agriculture was O. F. Cook (1908, 1909, 
1921). As he observed it in Guatemala, 
the milpa system (Maya equivalent of 
Malay ladang) was based on the fell¬ 
ing and burning of new areas of forest 
each year to make temporary clearings. 
It was adapted to sparsely inhabited 
regions, where forest was so extensive 
that there could be long intervals of 
“forest fallow” between burnings. Land 
burned over too frequently became 
overgrown with perennial grasses, 
which rendered it useless for agricul¬ 
tural purposes with primitive imple¬ 
ments.^ 

3. In the Batak lands of northern Sumatra 
such a clearing is called jurna {djoema) 
(Joustra, 1926; Bartlett, 1919). A possible 
cognate of this word is found among the hill 
tribes of Assam where the clearing is jhum 
(Gurdon, 1914). In the Philippines it is 
kaingin (Finley, 1913); in java tagal (Craw¬ 
furd, 1820); in Indocliina, ray (Chemin-Du- 
pontes, 1909); in Burma, taungya (Kurz, 
1875); in central India, bewar, atppa, erka, 
jara, kumaii, podu, and penda (authorities 
cited in Bartlett, 1955); in Ceylon, chena 
(Parker, 1910); in Madagascar, tavy (Hum¬ 
bert, 1923, 1927); locally in Mexico, coamile 
(Cook, 1909); in Yucatan and Guatemala, 
jnilpa (Cook, 1909); formerly in Guadeloupe, 
ichali (Ballet, 1894); in Venezuela, conuco 
(Pittier, 1936). In Uganda chitemene (Rich¬ 
ards, 1939) is a modification of the system 
which also exists in India under the names 
dahi and parka (Hislop, 1886; Grigson, 1938). 
Doubtless dozens of other designations are 
locally used for various primitive systems. 
From the standpoint of geographic distribu¬ 
tion the most intere.sting of the words is uma, 
with clear cognates in languages all the way 
from Fiji to Madagascar (Bartlett, 1955). 

4. Persons who have had no tropical ex¬ 
perience frequently express surprise that grass¬ 
lands should be generally used by primitive 
man only for grazing and not for agriculture. 
The reason is that the soil of freshly cleared 
and burned-over forest land is soft, readily 
planted, fertilized by the soluble mineral con¬ 
stituents of the ashes, and initially almost 
entirely free from pernicious weeds. Grass- 
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, , fl/ina nroduces a succession of foods 

Ladings ^nd ” 1 *^ the fertilizing effect of the ashes 

lents, have been described many times, unn 6 weeds become ton 

An excellent description of mi/;ia agri- wears off and the weeds become too 
cultu^r s that of I undell (1937). Its numerous and bo^ersome. Then comas 
mai^Ltures are that the land is pro- abandonment and either reversum to 

pared for planting by felling or dead- .some sort of forest or degradation to 
parea lo p i J’ j rlf^nf^ndinp^ noon whether or 


main features are that the land is pro- abandonment and eitJ.er reversum to 
pared for planting by felling or dead- .some sort of forest or degradation to 
Ling forest, letting the debris dry dur- grassland, depending upon whether or 
ing die hot season? and burning it be- not forest is in an unstable equihbnum 
fore the rains be<^in. With the first rains, with climate and upon whether or not 
Iiolos Xirc chbblcd in the soft ash- man interferes with normal ecological 
covered earth vrith a planting stick, succession by repeated burning. 

Then it is necessary to pull weeds iin- Aside from the crops grown, pre- 
til the crops are ready for harvesting. Columbian shifting agriculture was re- 
Ordinarily, a milpa in Mexico, Central markably similar in the Old World and 
America, or northern South America the New. The differences in crops were 
contains maize and beans. In Brazil, promptly obliterated by voyagers who 
however, the chief crop is manioc. In introduced such various major econom- 
the ladang of the Malayan countries ic plants as maize, manioc, sweet pota- 
the primary crop is generally upland toes, pineapples, and tobacco from 
rice. In both the New World and the America to Asia and Africa. Converse- 


Old a root crop is likely to follow the 
grain. From New Guinea eastward root 
crops have not been supplanted by 
grains as the mainstay of agriculture. 
Africa often has one or more small 
grains, vaguely called “millet,” or 
sorghum, as the grain crop, and in 
many parts of the Old World manioc 
has largely replaced yams and is wide¬ 
ly known by the Malay name ubi kayu, 
“tree” yam, to distinguish it from the 
ordinary vine yams {ubi). After the 
primary harvest of rice a Malayan la- 

land, on tlie contrary, has a deep sod of in¬ 
tricately interwoven toueh rhizomes and roots, 
which c:an be turned only by inordinate labor 
with hand tools and which will quickly 
sprout again because superficial fires during 
the dry season when grasses are dormant do 
destroy them. Grassland can be, and is, 
utilized on a small scale for gardens, e.g., in 
Sumatra (Brenner, 1894), and on a larger 
scale in the Sudan by a specially controlled 
system of preagricultural burning called hariq 
(Burnett, 1948), which is timed to use old 
grass as fuel to destroy the new growth when 
the stored underground reserve foods have 
been exhausted by the fresh sprouting after 
the rains. Tropical grassland has of course 
been successfully conquered by the adoption 
by tropical man of modem methods ana Im¬ 
plements, introduced by colonial governments. 


ly, rice and sugar cane were quickly 
established in America from the Orient. 
The interchange extended to many use¬ 
ful field and horticultural crops, prob¬ 
ably within a half-century after the dis¬ 
covery of tropical America, but many 
interesting minor varieties remained 
localized. 

Replacement by grassland of all the 
forests in any tropical region would set 
a natural limit to agricultural occupa¬ 
tion under the ladang or milpa systems, 
but, before that limit would be reached, 
the population would have entered into 
decline, because only the previously 
neglected poorer lands and those of in¬ 
sufficient extent would be available. A 
district that once might have supported 
an agricultural population would have 
been entirely denuded and sterilized, 
except for hunting and, in the Old 
World, grazing. Cities and villages 
might have developed horticulture as 
a secondary food source, but that 
would only supplement the basic diet. 

Cooke (1931) applied the idea that 
the consequences of deforestation, 
shifting agriculture, and fire were the 
same in the past as in the present to 
explain the abandonment of ancient 
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seats of civilization in the Mayan area 
of Central America. The temples and 
dated sculptured monuments of the 
Mayan Old Empire show that relative¬ 
ly large, centralized communities 
existed six hundred to a thousand years 
ago, and the limitations of the milpa 
system of agriculture explain in part 
why the cities did not persist longer. 
It is a fact, however, that the water 
supply of the Peten at places such as 
Tikal and Uaxactun has failed, as the 
streams and shallow ponds (agtiadas) 
now dry up during the hot season, be¬ 
cause?, if one theory is correct, former 
shallow lakes were silted up during a 
pe^riod of great agricultural activity, 
when the forest was extensively cleared 
and the topsoil was eroded away 
( ihid ,). A long swing of erosional or 
climatic change, or both, must be con¬ 
sidered to have been a factor in the 
depopulation of the area of the Mayan 
Old Empire, though this would not be 
true of modern Indian towns elsewhere 
in Guatemala, which, Cooke said, were 
surrounded by such wide belts of un¬ 
productive grassland that the difficulty 
of transportation of food from distant 
niilpas on the backs of the people led 
to dispersal of poj)idation from old vil¬ 
lages. Cooke thought that silting of the 
lakes had stopped transportation by 
waterways in the Peten. 

Permanent Cultivation 

The alternatives to agricultural aban¬ 
donment of tropical grassland in the 
Old World have been the adoption of a 
pastoral existence or the development 
of permanent cultivation. Among 
peoples in the tribal or village state of 
culture, the latter has taken, in the 
main, two forms: (1) the cultivation of 
irrigated land and (2) the planting of 
village groves and gardens. The former 
depends upon the annual impounding 
of flood water in diked stream flats or 
upon the building of terraces on slopes 
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which can be irrigated with divertible 
water from higher ground. 

The fortunate areas of the tropics 
where permanent flood-plain agricul¬ 
ture has long supported large popula¬ 
tions are located in Thailand and Bur¬ 
ma, but there are similar areas of lesser 
extent in the Philippines, Borneo, and 
elsewhere. Terrace cultivation exists in 
numerous places. Many illustrated de¬ 
scriptions have been written of the 
famous rice terraces of the Bontoc of 
Luzon—a marvel ()f primitive engineer¬ 
ing (Jenks, 1905). The Javanese and 
Sundanese of Java, as well as the Ba- 
tak and Malay of Sumatra, also have 
notable terrace cultivation. Tropical 
peoples who depend chiefly upon per¬ 
manent irrigated fields engage in shift¬ 
ing agriculture also, as a secondary re¬ 
source, which may again become the 
primary means of subsistence for colo¬ 
nists who drift too far away from irri¬ 
gable land. There are places around 
Lake Toba in Sumatra where the de¬ 
forestation of upper slopes has brought 
about a too rapid runoff and has de¬ 
stroyed the utility of terraces at a lower 
altitude. Permanent terrace cultivation 
depends upon the maintenance of a 
dependable water supply. In Malay¬ 
speaking countries the irrigated fields 
are called sawah—as good a term as 
any for irrigated rice-growing in the 
tropics—to contrast with ladang agri¬ 
culture on dry land. 

The second chief form of permanent 
cultivation in the tropics—village groves 
and gardens—is in large part primitive 
horticulture rather than agriculture. It 
depends, obviously, upon whether or 
not a people has permanent habitation. 
Some seminoma die peoples move so 
often that they can have little in the 
way of horticulture. Others have per¬ 
manent villages which have become 
transformed into groves of fruit trees 
interspersed with small patches of other 
useful plants which are maintained re¬ 
gardless of the great labor of hand cul- 
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tivation. An old village site is a place 
that is constantly and niiconsciously 
fertilized by man (paitly through his 
domestic animals), for it is a center of 
deposition of or<TaT»3 material drawn 
far and wide from the surrounding 
region. “Wastes” luc not wasted, but 
their valuable fertilizer constituents 
turn up again and are transformed by 
beneficent nature into the form of 
fruits and vt'gefahles. So a tropical vil¬ 
lage is often a medley of grove and 
garden, the products of which supple¬ 
ment a living gained from shifting or 
permanent agriculture, fishing, hunting, 
or any combination of these. The most 
delightful tropical landscapes are those 
in which ancient village centers of in¬ 
dustry and art display primitive horti¬ 
culture and gardening, perhaps sepa¬ 
rated by a bamboo hedge from sur¬ 
rounding lands in permanent saioah 
cultivation, around which the forest rt?- 
tains its proper place, regulating stream- 
flow, preventing excessive erosion, 
yielding forest products, and affording 
sanctuary to the wild animals and 
plants. A reasonable amount of grass¬ 
land suffices for grazing of domestic 
animals.*'* 

No matter where we go we find that 
primitive shifting agriculture was car¬ 
ried on at the expense of forest. Trees 
were killed by fire or ringing and 
eventually burned or were felled and 
burned. The ashes fertilized the soil, 
and one, two, or a few crops were ob¬ 
tained Irom a clearing before it was 
abandoned. Permanent agriculture on 
periodically overflowed or terraced ir- 

5. Primitive tropical horticulture and gar¬ 
dening, as distinguished from agriculture, 
have been alluded to or written about by 
Ames (1939), Bates (1864), Gurdon (1914), 
Powell (1883), Terra (1953), and many oth¬ 
ers. Terra has developed a theory that will 
interest social anthropologists, i.e., that prim¬ 
itive permanent land utilization in the form of 
village horticulture and gardening was typi¬ 
cally women’s work, but field agriculture, on 
the contrary, was men's work. 


rigated land tended to stabilize popula¬ 
tion. Village gardening and horticulture 
had the same effect, whereas shifting 
agriculture led to shifting of popula¬ 
tion and to disproportionate develop¬ 
ment of pastoral pursuits. 

Grazing and Burning 

In many parts of the Old World 
tropics the grazing of domestic animals 
has been as vitally important for thou¬ 
sands of years as it became in the 
Americas after European colonization. 
Throughout Africa and tropical Asia, 
the annual burning-over of formerly 
agricultural clearings has prevented 
their reversion to forest and has ex¬ 
tended the area of grazing land. As in 
America before there were domestic 
animals, hunting was an important food 
resource', and fresh, tender, green for¬ 
age would be more quickly and easily 
availabk^ on land cleared of dried-up 
v('gt^tation by fire than on land covered 
by hard, dead, largely inedible rem¬ 
nants of the previous seasons' vegeta¬ 
tion. 

There has been endless dispute about 
whether the burning-over of grassland 
actually improves pasturage. The dense 
accumulation of inedible dead stems 
makes the tender new growth very dif¬ 
ficult for animals to graze, so that they 
may actually suffer from malnutrition 
in the pre.sence of nutritious fodder. 
This is a strong argument in favor of 
burning. Another is that burning is ab¬ 
solutely essential in some regions if 
shrubs and trees are not to eliminate 
the grass.*' However, burning destroys 

6. The judicious and controlled use of 
more goats, which are by habit browsing 
rather than grazing animals, instead of cattle, 
might aid in keeping down the growth of 
woody vegetation, but it is to be borne in 
mind that in Africa, as elsewhere, goats m^ 
become destructive pests. They have the aci- 
v'antage of not being sacred or a .symbol of 
social status, whereas in many African tribes 
(including some in Madagascar) possession 
of cattle is the basis of social distinction, and 
cattle are even worshiped. As cult objects 
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organic nitrogen compounds, and the 
excessive leaching of tropical soils dur¬ 
ing the rainy season results in constant 
loss of salts from the ashes of the 
burned grass and burned animal ma¬ 
nure. It is a curious thing that the mow¬ 
ing of tender grass at the right time 
and tlie making of hay have? seldom, if 
ever, been resorted to by primitive man 
in the tropics. 

Vegetational history shows that, in 
genera], deserted tropical agricultural 
clearings not burned over after aban¬ 
donment, if surrounded by damp forest, 
quickly become seeded and reforested 
by quick-growing, light-lov'ing tret's. 
These are gradually replaced by many 
less readily disseminated trees, and a 
process of succession is begun which 
results in the re-establishmc'nt of a new 
forest, ideally becoining, in time, more 
or less similar in composition to the 
old and a variant of the “regional cli¬ 
max.” The degree of similarity which 
may be attained depends upon many 
factors, the most important of which is 
man's intervention with fire. This may 

cattle are kept so uiieconomically that they 
are a detriment rather than a help to the 
people. Of their own accord, however, many 
Africans are as averse to changing ancient 
attitudes toward cattle, no matter how irra¬ 
tional they may be, as are the Hindus. 

The problem of devastation of land and 
poverty of people caused by iion-economic 
and cult cattle has been dealt with for Africa 
by Gourou- (1947), Hailey (1945), Hall 
(1930), Harten (1953), Matheson and Bovill 
(1950), and Tothill (1940). For Madagascar 
a few of many references are Catat (1895?), 
Chiiron (1897), and Marcuse (1914). For 
India so much has been written that a bibliog¬ 
raphy for that country alone would be 
lengthy. Much of the literature is so compli¬ 
cated by religious prejudice as to indicate 
that many Hindus remain untouched by ar¬ 
guments of science or economics. Needless to 
say, some of the more enlightened Hindus 
would restrict sacred cattle to reasonable num¬ 
bers and insist that they be not maltreated, 
starved, or allowed to become a public nui¬ 
sance. The danger arising from unregulated 
goat-raising in India has been touched upon 
by Coventry (1929). 


interrupt the stages of progress toward 
climax forest to produce permanent sa¬ 
vanna or treeless prairie. The most 
rapid deflection from normal ecologi¬ 
cal succession occurs in clearings which 
border regularly burned grassland. 
Here, deflection of the succession to 
grassland is almost certain. 

If a clearing becomes weedy enough 
before abandonment so that dry grass 
and other inflammable material can be 
burned off annually during the dry sea¬ 
son, the seedlings or sprouts of most 
woody plants will be killed and their 
place will be taken by coarse perennial 
grasses, which die above ground and 
provide fuel for fierce annual fires. 
However, they will have store?d food 
supplies bt'low ground to provide for 
resumption of growth during the rainy 
season. The only woody plants able to 
compete with coarse grasses are those 
that combine the characteristics of fire 
resistance above ground with food 
storage and vegetative renewal of 
growth below ground. There seem to 
be a few trees and shrubs with such 
an adaptive combination of character¬ 
istics in almost every flora. At any rate, 
they always seem to be near enough 
at hand to move in from the nearest 
drier floristic zone. Thus, the forest veg¬ 
etation of Brazil seems to have little in 
common with that of the great treeless 
grasslands (campos), but actually there 
are areas that are floristically inter¬ 
mediate between them, in that they 
contain species which can survive in 
either campo or forest, to multiply 
greatly in land subject to annual fires 
but well enough supplied with water 
so as to be capable of supporting for¬ 
est.*^ 

7. The trees and shrubs of the savanna 
have been termed “pyrophytes** by Kuhnholz- 
Lordat (1939). Their greater mass below 
ground than above in the burned-over ( chana ) 
land of Angola is commented upon by Goss- 
weiler and Mendonga (1939). They all have 
some structural feature of the stem which 
gives them unusual qualities of fire resistance, 
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Jn the tropics, just as in temperate 
latitudes, there are climatic and edaph- 
ic zones where the balance of fac^ 
tors determining closed forest as op¬ 
posed to savanna, or dry savanna as 
opposed to thorn scrub, is unstable and 
where the addition by man of a single, 
potent factor—fire—could transform and 
has transformed cleared forest land in- 


or savanna to natural cJosed forest, on 
the one hand, and from grassland or 
savanna to open xcrophytic thombush, 
on the other. 

Man s activities accelerate the effect 
of climate in shifting the position of 
whole vegctational zones rather than in 
creating them. Change of zonal bound¬ 
aries is so slow that it has been seri- 


to grassland. Conversely, the discon¬ 
tinuance of the use of fire could result 
in the transformation of prairie into 
forest.^ Of the latter change, one of the 
best-atte\sted examples was the west¬ 
ward extc'iKsion of the coastal forest of 
subtropical southern Texas and the ex¬ 
tinction of the old, abrupt boundary of 
the prairie by outward diffusion of the 
forest when prairie-burning was discon¬ 
tinued (Cook, 1908). 

REOIONAL EXAMPLES OF GRASSLAND 
EXPANSION AT THE EXPENSE 
OF FOREST 

Noriluirn Equatorial Africa 

The point is frequently made that 
man’s most devastating effects on tropi¬ 
cal vegetation occur where gradual cli¬ 
matic change already may have pro¬ 
duced a condition of unstable equilib¬ 
rium. If the climate is steadily becom¬ 
ing drier, as so many believe of north¬ 
ern equatorial Africa, and as evidence 
indicates, we would expect to find per¬ 
sisting effects of primitive man in the 
zone of transition from natural prairie 

Init still they may be killed above ground and 
forced to sprout anew, so that the bulk of ac¬ 
cumulated wood below ground is much great¬ 
er than above. Many are palms, but others 
belong to extremely iverse families of plants. 
They characterize tropical and subtropical areas 
between typical forest and prairie or between 
forest and thorn scrub. In addition to many 
other references to such plants, the reader 
will find especially interesting information 
about those of India in works by Brandis (1906) 
and Gamble (1875). Those of the Philippines 
were discussed by W. H. Brown (1919) and 
those of Brazil by Hoehne (1914). These au¬ 
thors have been followed by many later ones. 


ously debated whether or not the Sa¬ 
hara is advancing and the equatorial 
African forest retreating. The evidence 
is clear that both are occurring.® 

In Africa there are vast areas of sa¬ 
vanna of such artificial aspect that the 
English term them “parkland,” for they 

8- Because of the existence of desert floras 
and faunas, it must be admitted that desert 
has also existed through geological time and 
that between desert, in which the ground 
cover of plants is too sparse to transmit fire, 
and humid closed forest, in which the under¬ 
growth is not subject to forest fires, there 
lia\c been various habitats in which grasses 
[)re vailed and were sufficiently dense to burn 
over wide areas after ripening and drying. At 
the mesophytic edge of a savanna or grassland 
there would be a more gradual transition to 
thorn forest or scrub depending upon the oc¬ 
currence in time and space of enough grass to 
transmit a prairie fire. In between the two ex¬ 
tremes the effect of fire would be to trans¬ 
form savanna into grassland. In between 
would also be found the tropical pinelands, 
in which the trees are usually isolated from each 
other by enough grass and fallen pine needles 
to transmit fire. In the Unitea States we 
think of savanna as at least seasonally humid 
and characterized by palms, but tropical 
American pinelands may be grassland in the 
main, with both pines and palms interspersed 
among other fire-resistant trees, and they 
may bo at times very dry. For descriptions of 
tropical and subtropical pineland and its re¬ 
lation to fire in Assam see Bor (1938, 1942); 
in Sumatra, Hagen (1903); in the Philippines, 
Merrill (1926); in Mexico, Gentry (^1946), 
LaFarge (1927), Hartmann (1897), and Ste¬ 
phen White (1948); in Haiti, Holdridge (1947). 

9. Aubreville (1937, 1949*2, 1949b), B^gu^ 
(1937), Duveyrier (1864), Gourou (1947), 
Hailey (1945), Harroy (1949), Stanhope 
White [“Sablad”] (1944b), Shantz and Marbut 
(1923), and Stebbing (1937) are among 
those who have made important contributions 
to the subject. 
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contain scattered, single, fire-resistant 
trees and island-like groups of trees that 
look as though they had been planted. 
In the main, the woody plants that give 
savanna its characteristic appearance 
are those of the Sudanese flora of an 
arid to semiarid zone bordering the 
desert. Parkland or savanna may be 
traversed by streams which are bor¬ 
dered by true tropical forest. An ex¬ 
tensive landscape may show transition 
from forest, by way of savanna and 
prairie, to thorn scrub and then to des¬ 
ert. Botanists have come to very dif¬ 
ferent conclusions about what is man¬ 
made through the agency of fire and 
pastoral pursuits and what is “naturar' 
in this type of landscape. Almost all 
agree, however, that man has brought 
about great vegetational degradation 
and that the result of his activities has 
been wide extension of desert and 
prairie and corresponding contraction 
of forest. 

Man has transformed much of the 
central African equatorial forest into 
grassland by primitive agriculture, fire, 
and grazing. By overgrazing and re¬ 
peated burning, he has moved the zone 
of thornbush into the grass and has en¬ 
couraged the deterioration of thornbush 
to actual desert.^® 

10. The reader may refer to an excellent 
and copiously illustrated work by Shantz and 
Marbut (1923) for a general description of 
African vegetation. They were especially con¬ 
cerned with classiBcation of vegetation and 
soils from the standpoint of utility for agri¬ 
culture, grazing, and forestry. Their general 
conclusions are therefore especially important; 
namely, that the forests had shrunk as a re¬ 
sult of the use of fire in primitive agriculture; 
that in some places forests would spread again 
if human interference ceased but that it was 
veiy doubtful if forest would ever replace 
all the grassland; and that, if fire were elim¬ 
inated, the dry forests would ultimately have 
a diflFerent composition from those now ex¬ 
isting. 

The area of forest which, if human dep¬ 
redation were to continue, might practically 
all be transformed into grassland or savanna 
was estimated by Shantz and Marbut at over 


Madagascar 

As a result of a finely illustrated 
memoir by Humbert (1927), in which 
he accepted and extended the views of 
Perrier de la Bathie (1917, 1927), Mad¬ 
agascar has come to be thought of as 
the typical and best-studied example ol 
the destruction of a tropical flora by 
fire, primitive agriculture, and grazing. 

Since Madagascar is now largely de¬ 
forested, Humbert assumed that the 
same processes which are today gnaw¬ 
ing away the last of the forest arc those 
which have operated for hundreds of 
years and that we see now almost the 
final stage in the transformation of a 
fine forest, with a highly indigenous 
flora and fauna, into a grassland large¬ 
ly of weedy and useless species. Ilis 
evidence indicated that the entire is¬ 
land, an area of 600,000 square kilome¬ 
ters, formerly had been forest except 
for the arid district of the extreme 
southwest, which had prol)ably always 
been low thorn scrub. 

Upon review, Humbert's conclusions 
seem valid only if we classify as forest 
all plant associations containing even a 
few trees of any nature whatsoever. It 
would be necessary to regard as forest 
those tracts of seasonally semiarid land 
on which the trees were normally wide¬ 
ly spaced species, such as doom palms 
(Hyphacne) and the anomalous bao¬ 
babs ( Adansonia ). In continental Af¬ 
rica these are characteristically genera 
of parkland savanna and thornbush 
habitats situated between true forest 
and desert. This is true both on the 
southern fringes of the Sahara, toward 
the equatorial forest, and on the south¬ 
western borders of the Congo, where 

2,000,000 square miles. Of grassland of non¬ 
desert type, i.e., not closely alternating with 
desert scrub, there are about 4,700,000 square 
miles that may have been originally derived 
from forest by the use of fire in primitive agri¬ 
culture and maiijiiiined as such by fire after it 
became useful only for hunting and grazing. 
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there is transition U ^ 
coastal extension of 

In Madagascar the i M;mic species 
of both genera iiavr .<;•? aaap a ions 
to semiarid conditu^n nd the conclu¬ 
sion would socin sound that speciation 
in both genera took pJace under semi- 
desert conditions and that the common 
ancestry oi the continental A.frican and 
Madagascar species would bo found be¬ 
fore the Pleistocene. The similar plant 
associations of the semiarid areas of j 
both these regions afford the strongest J 
possible evidence that tlie general out- < 
lines of plant geography are the same t 
today ill Madagascar as they were be- t 
fore human depredation began. 1 

Neyertheless, one may accept certain t 
conclusions of Perrier de la Bathie and t: 
Humbert, to wit: that there is clear evi- c 


i hanging the bcice of the h,arth 

,>(jfthward During the last few hundred yt 
osert. of human occupation of Madagiisar 

lie species cattle have increased to such vast nuw 
d'lptations bers that overgrazing and tranlpi^n^ 
w conclu- have broken down protective vegeta- 
peciation tiom with erosion as the result Before 
^ 02 * semi- man s inti'odiiction of domestic cattle^ 
common there may possibly have existed a now 
can and extinct "slender-legged form of Zebii- 
undbe- ox." Sibree (1915) seems to have 
ir plant thought at first that certain supposedly 
reas of fossil bones were those of a zebu of 
longest human introduction but later concluded 
'al out- that a zebu relative was at least early 
e same enough to have been contemporary with 
?re be- tlu* giant flightless birds and the pygniy 
hippopotamus. Aside from this record, 
certain there seems to be no evidence for that 
lie and time of any grazing mammal tied in its 
ar evi- evolution to the existence of prairie. 


deuce of great loss of forest land to Grazing damage has probably, there- 
prairie; of deterioration of primary for- fore, taken place during the hiiinan pe- 
est and substitution by impoverished riod. Among the extinct birds, how- 
mvoka flora or secondary forest; of in- ever, the ten-foot-high Aepyornis titan 
creasing rarity of most endemic species and its lesser relatives, related even if 
and probable extinction of many; of in- somewhat distantly to the ostrich and 
crease of semidesert or desert; of soil to the great extinct moa of New Zea- 


deterioration and consequent floristic land, probably lived in prairie or in 
impoverishment by burning and ero- largely open savanna, 
sion; and of increasing dominance of 
cosmopolitan plants of a weedy nature. Sumatra 

All this is bad enough without accept- We may now turn from the depress¬ 
ing the more extreme position of La- ing literature on Africa and Madagas- 
vauden (1931) that almost the entire car, where forest is being replaced by 
island was uniformly forested (in the grassland and the desert is advancing, 
usual sense of the word) when man ap- to countries of ample rainfall through- 
pea red upon the scene. out, where, although great retrogres- 

Perrier de la Bathie (1917) called at- sive changes have taken place through 
tention to the importance, in the study the agency of man, there is no desert 
of vegetational change, of his discov- and where practicable measures have 
eries of swamp deposits containing been initiated for agricultural utiliza- 
identifiablc plant remains in associa- tion of excessive grassland or its res- 
tion with the bones of such recently ex- toration to forest. 

tinct mcmbcTS of the fauna as Aepyor- In normally forested tropical coun- 
nis. Such deposits should be invest!- tries the extent of grassland may al- 
gated anew in order to trace, if possi- most be taken as a measure of the cu- 
ble, by pollen analysis and radiocarbon mulative effect of human occupation. 
(C^^) dating, a paleobotanical se- Although there are exceptional areas 
quence down to times of occupation by where seasonal drought and local 
men and domestic animals. edaphic conditions result in grassland 
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or brush, Sumatra in the main is a well- 
watered, naturally forested land where 
most areas of lalang grass (Imperata 
and its associates) are man-made. Such 
areas, called padang, have been de¬ 
scribed by many writers (Junghuhn, 
1847; Forbes, 1885; Bartlett, 1919, 
1935). They have become productive 
as rubber plantations. The great Deli 
tobacco plantations used old ladangs 
with cropping, followed by a long fal¬ 
low, much in the native fashion, except 
that the shorter fallow might have been 
brush with grass between crops or just 
grass, instead of secondary forest, old 
enough for lalang grass to have died 
out from shading. 

The Philippines 

Another country in which most of the 
grassland is man-made is the Philip¬ 
pines, where clearings for shifting agri¬ 
culture, called kaingin, have resulted in 
grasslands (cogonales) of such great 
extent that their return to forest or ag¬ 
ricultural productivity is a national 
problem. 

Tlie Philippine grasslands, although 
used for grazing, are of very low eco¬ 
nomic productivity. The prevailing 
grass, cogon, is the same as the lalang 
or alang-alang of the Malay Archipel¬ 
ago and Peninsula, namely, Imperata, 
associated with Sorghum spontancum 
and other coarse grasses. Kaingin agri¬ 
culture was described over two centu¬ 
ries ago, in a long unpublished manu¬ 
script, by Delgado (1892). In addi¬ 
tion to the cogonales, almost uniformly 
of grass two to six feet high, kaingin 
agriculture has created enormous areas 
of another type of forest-replacement 
vegetation, called parang (Whitford, 
1906), which is more jungle-like, con¬ 
sisting largely of bamboo, shrubs, and 
a few species of quick-growing, soft- 
wooded trees (W. H. Brown et al., 
1917; W. H. Brown, 1919).^^ 

Since the concept of individual own¬ 
ership of wild land was probably not 


general in the pre-Spanish Philippines, 
it does not surprise us to find that it 
was the Spanish, very late in their oc¬ 
cupancy, who established public lands 
under government ownership and in 
1867 promulgated with little success the 
first law for restricting kaingin agricul¬ 
ture (Nano, 1939). The Americans built 
upon the foundations of Spanish ruh' 
by more precisely delimiting the pub¬ 
lic domain and then proceeded to the 
great task of land classification on an 
economic and conservational basis. 
Down through 1931 (Fischer, 1932) 
this had lesulted in the establishment 
of forest reserves, national parks, and 
the Makiling National Botanic Garden; 
the complete or partial mapping of 899 
arenas from among 1,219 that were to be 
set aside from the public domain for 
municipally controlled communal for¬ 
ests and grazing reserves; and the allot¬ 
ment of lands for the exclusive use of 
non-Christian groups who still prac¬ 
ticed primitive shifting agriculture. 
Rapid progress was being made in the 
segregation of timbcrland from “alien¬ 
able and disposable’" land for allotment 
to individuals for agricultural use. In 
order to be as sympathetic as possible 
with people whose ancient traditions 
of forest waste were being violated, 
forest-covered areas that had little pros¬ 
pective value for timber were being 
designated for kaingin when necessary 
to relieve emergencies caused by earth¬ 
quakes, storms, and floods. The use of 
these areas was by specific permit, and 
the grantees (caingineros) had to un¬ 
dertake, under direction of the Forest 
Service, to plant the kaingin areas with 
valuable trees after agricultural use. 

11. It may be noted that bamboo thicket 
as a successional alternative to ordinary grass¬ 
land occurs not only in the Philippines 
(Marche, 1887; Merrill, 1926) but likewise 
in India (Hodson, 1911; Troup. 1926), Cey¬ 
lon (Hooker, 1909), Burma (Stamp, 1925), 
Madagascar (Flacourt, 1661; Copland, 1822), 
and Brazil (Dansereau, 1948). The writer 
has seen it in Formosa and Sumatra, and it 
doubtless occurs throughout the wet tropics. 
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The Forest Service hncl jurisdiction over 
approximately 5,600,000 hectares of 
co^on land, of whic!) J,000,000 hec¬ 
tares were to be refor(\sted, another 
1,000,000 devoted to permanent agri¬ 
culture, and the remainder improved 
for grazing puipos(\s. 

In the reforestation program some 
six hundred kinds of trees had been 
tried. For the initial planting of old 
grassland, the most successful species 
of considerable commercial value for 
j^osts, firewood, c‘tc., was the tropical 
American Lritcacna ^lanca, called by 
the Filipinos ipil-ipil. This tree also was 
rc-coinincmded by Pendleton (1933) for 
rc^forestation of the grasslands of 
Kwangtiing, the subtropical province 
of ("hina. These* Chinese grassland 
areas are similar to the Philippine; ro- 
f^otiaJcs and of the same origin. Much 
of subtropical China is dominated by 
the same grass, Impcraia. 

Before the war the California Pack¬ 
ing Corporation ("Del Monte”) led the 
way in dev'cloping the Philippine cohort 
lands for permanent agriculture. The 
company’s great pineapple plantations 
in Bukidnon, Mindanao, illustrated how 
agricultural use of cogonales could 
add a great industry to the national 
( conoiny. Power plowing and scientific 
fc'rtilization were f*ssc;ntial to success. 

There is a need to rework part of the 
Philippine grasslands into good grazing 
land, and it is possibh; that persistent 
mowing and haymaking woulcl producer 
it. (airiously enough, however, there is 
a strange aversion to mowing through¬ 
out the* tropics. Wherever that curious 
breed of humanity, the white man, has 
had to have liis golf grounds, though, 
regarclless of ec'onomy, Imperata has 
bec*n replac ed with soft, nutritious grass 
at the expc;nse of ridiculously ineffi¬ 
cient hand labor. Why not do it for the 
sake of utility as well as play? Mowing 
would provide hay during the dry pe¬ 
riod when the cogon is too coarse for 
grazing, and thus a limiting factor in 


beef production would be eliminated. 
Return of animal manure to the land 
instead of burning it with the grass 
would take the place of fertilization by 
ashc's. Systematic mowing at the right 
time*, when the grass was still soft, 
might make it possible to kill out cogon 
(lalang) and its cxpially coarse, nor¬ 
mal ecological associatc*s and to re¬ 
place; them with grass(*s of greater for¬ 
age value. 

Brazil 

An c*noiTnous area of tropical Ameri¬ 
can prairie probably climatic and 
edaphic in origin is the central canipo 
of Mato Crosso in Brazil. This has been 
so miich extended by man that phyto¬ 
geographic and floristic evidence that 
the whole canipo is not man-made is 
obscure. Seeking a Brazilian parallel 
with conditions in Africa which favor 
the extension of grassland, we find that 
the tropical subarid or at least season¬ 
ally very dry area of Brazil is toward 
the northeast, and it is precisely from 
there that areas of grassland and sa¬ 
vanna extend to the mouths of the Ama¬ 
zon and along the Tocantins River al¬ 
most to its confluence* with the Amazon. 
Westward there are prairies along the 
Tapajoz River, but they are consider¬ 
ably farth(*r upstream. Thence to the 
west the; great Amazonian fe^r(;st has 
mostly isolated patches of man-made 
prairies. Great deposits of pottery frag¬ 
ments near the; mouth of the Amazon 
indicate; long human occupation, but 
how miK'h savanna is entire*ly natural 
and how much is man-made is not clear 
from studies thus far made.’^ The an- 

12. For references to Amazonian prairies 
near the coa.sl see Bates (1864), Bouillennt; 
(1926), Dansereau (1948), Froe.s Abreu 
( 1931), Lange (1914), and Sampaio (1945). 
Notes on the man-made openings along the 
Xingu and westward will be found in the 
writings of many authors, including Hoehne 
(1916), Hondon (1916), Roosevelt (1914), 
and Steinen (1886). For discussion of the 
view that the central campo of Mato Grosso 
is natural .see Hoehne (1910), Lofgren (1898), 
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tiquity of human occupation there 
should be established by carbon-14 dat¬ 
ings of debris such as charcoal from 
archeological sites. 

I low Much Grassland Is Man-made? 

Since shifting agriculture followed by 
repeated fire in forest clearings gives 
rise to artificial grassland, and since so 
much tropical grassland is man-made, 
it seems almost axiomatic to some bot¬ 
anists that, wherever we find tropical 
grassland within the altitudinal range 
of forest, it is man-made. Many, how¬ 
ever, have described what would seem 
to the present writer to have been nat¬ 
ural grassland, as, for instance, the 
grasslands of Durango, habitat of a 
Pleistocene grazing fauna, studied care¬ 
fully by Gentry (1946), which the 
writer has also visited and about which 
he has formed a somewhat independent 
judgment.^® 

and Waibel (1949). Nearly all the authors 
cited refer to man-made campo and fire, but 
a classical discussion, citing earlier writings 
from St. Hilaire (1837) and Martius (1840- 
65) on, is that of Warming (1892). See also 
Lindman (1900). 

13. Burbridge (1880) on the island of 
Jolo, Sulu archipelago, observed a lava flow 
that resembled a mass of clinkers covered 
with lalang grass (Imperata) four feet high. 
It seems unlikely that such a place would 
ever have been cleared. The writer encoun¬ 
tered a similar locality (a cycad savanna) on 
the island of Culion, also in the Philippines, 
when visiting the type locality of the local 
cycad, Cycas wadei Merrill. Another sea-level 
example is that of the region around Taal 
Volcano, on Luzon, createa not by lava but 
by volcanic mud and ash (Chamisso, n.d.; 
W. H. Brown et al., 1917). There must have 
been large areas of what was essentially grass¬ 
land or savanna in Africa to provide a habitat 
for the evolution of the magnificently devel¬ 
oped grazing fauna, to say nothing of such 
specialized plants as the baobab. Johnston 
(1884), describing the beautiful undulating 
region of scattered forest and grassy plains 
south of the Congo, said of the parklike zone 
that it was the country of the large game 
animals and that “the rhinoceroses, zebras, 
giraffes and many antelopes never enter the 


Some savannas and prairies evident¬ 
ly represent natural, persistent climatic 
and edaphic plant associations in whicVi 
prevention of fire would not result in 
reforestation. This view has been op¬ 
posed, however, and some scientists be¬ 
lieve that practically all grassland is 
maintained by fire and, if fire in grass¬ 
land is always kindled by man, that 
there is no “natural" grassland. This ex¬ 
treme view has led to more or less fu¬ 
tile discussion of whether or not man 
is a part of “nature." The present writer 
is obviously one of those who defines 
primitive man as having been thought¬ 
less of the future and therefore a natu¬ 
ral ecological factor for millenniums. 

As causes apart from man for the oc¬ 
currence of fire, much has hinged upon 
whether grass fires originate from light¬ 
ning, as do forest fires in coniferous 
forests, but there has been an astonish¬ 
ing dearth of dependable observation. 
VV^riters have quoted the most flimsy ev¬ 
idence of ancient date. For evidence of 
a convincing nature, only very recent¬ 
ly at hand, we turn to an admirable re¬ 
port by Robertson (1955) on the sub¬ 
tropical Everglades National Park. He 
indicates that it may now be consid¬ 
ered proved that grassland fires can be 
started by lightning and, moreover, that 
such open grasslands and sedgelands 
as the prairies of the Florida Ever¬ 
glades might remain such by the agency 
of fire ignited by lightning. Moreover, 
there are endemic non-weedy species 
in the periodically fire-swept southern 
part of Florida that drop out of the 
flora if fires are controlled so long that 
woody vegetation supersedes prairie, 

forest belt that clothes much of Western 
Africa.” The writer believes that during re¬ 
cent geological time there have always oeen 
tropical grasslands and savannas, some on 
marshland maintained as such by lightning, 
others of volcanic origin, such as those around 
Taal Volcano in Luzon, others edaphic, and 
the greater ones mainly determined by <imat- 
ic factors. Otherwise there is no way to ex¬ 
plain how the mammalian fauna evolved. 
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siivanim, or open pnielnnd. These spe¬ 
cies would seem to indicate that the 
Bre-coiitrolled flora is an ancient one 
that presiunably preceded niaiTs occu¬ 
pancy of the JaiKl. 

APPROAC:iIi;S lO ppkmankxt 
ciu.i J\’Arjc)X 

Nothing is inoie interesting about 
primitive agrienltnre than the tenta¬ 
tive anti halting steps toward perma¬ 
nent land utilization made by many 
p(‘oples. When population increased to 
the point at which new forest for clear¬ 
ing was no longer available, it became 
necessary to us(' the same land re- 
pc'ate'dly and, eventually, in a regular¬ 
ly recurrent cycle. Some observers of 
African primitive agriculture have not 
c'onsiclerc'd it bad at all but merely a 
s)'stt'm of doing as well as possible with 
leached-out sterile soil. So tlic system 
of shifting agriculture has been looked 
upon, at its best, as permanent land 
utilization for agriculture with a long 
fallow between crops. Primitives have 
made c'lTorts to make the long fallow of 
some immediate yearly profit. 

I’here has been mention of tropical 
man’s beginnings in the development 
ol continuous utilization of non-irri- 
gated village land by primitive horti¬ 
culture. Aside from the probably quite 
unconscious fertilization of horticul¬ 
tural plants that resulted from the 
proximity of human beings and do- 
mnstie animals, tliere were approaches 
to continuous field agriculture from 
sevt ral directions: (1) improvement of 
tools; (2) renewed apjolication of ashes- 
as f('rtilizer on currently used fields; 

(3) sod- or soil-burning; (4) alterna¬ 
tion of cropping and a controlled grass 
fallow; (5) control by planting se¬ 
lected tree s so that the “forest fallow” 
would be productive; and (6) the in¬ 
telligent ns(‘ of animal manure. 

Improvement of Tools 

Improvement of tools took place by 
the replacement of wood and stone by 


iron and the development of spade, 
hoe, fork, and plow from the primitive 

digging stick. 

Examples of the use of the digging 
stick as an agricultural tool are found 
in many surviving culture's, for even 
wliere its most anc;ient use in uproot- 
ing yams and other wild root crops has 
not been actually reported, its later use 
has been for digging cultivated root 
crops and as a dibble for planting. 
More complete geographic coverage of 
surviving use of the digging stick could 
be found by a more thorough review 
of the literature, for, as Ames (1939) 
said, it must have been man’s first ag¬ 
ricultural implement.^ ^ In Borneo, 
Nieuwenhuis (1904-7) reported the 
use of the digging stick in planting by 
the coastal Malays. In Sumatra it is 
used by the Menangkabau (Maass, 
1910), in Atjeh (Jacobs, 1894), in Cayo- 
land (Hazeu, 1907), by the Batak of 
Asahan (Bartlett, 1919), Simeloengoen 
(Tideman, 1922), and Karoland (Bren¬ 
ner, 1894). In addition to the regular 
planting stick ( parlohong, “hole- 
maker”), Tideman reported a bamboo 
stick with two prongs (gogo) used in 
weeding, which might be the precursor 
of a fork, and Brenner described a row 
of Karo women with digging sticks 
working side by side to turn a furrow 
in grassland, this being an almost 

14. Fiircr-Haimendorf (1943), commenting 
on tlie survival of the digging stick among 
tribejs of primitive culture in Hyderabad, said 
that, if we were to name existing cultures 
from the most characteristic artifact, as pre- 
Jiistorians name archeological cultures, the 
Chenchu of Hyderabad would exemplify an 
ancient “digging-stick culture’* of hunting and 
collecting forest tribes. Other Indian examples 
arc from Khondistan (Campbell, 1864) and 
Assam (Hodgson, 1880). In Annam (Bau- 
desson, 1919) the sowing was not done by 
the irregular punching of holes in the soft 
ashy earth but in rows, by the scratching of 
furrows with the planting stick. This improve¬ 
ment (which would facilitate weeding) had 
a parallel in Indochina, where, although holes 
were punched, they were kept in line by lay¬ 
ing a bamboo on the ground to .serve as a 
ruler (Mouhot, 1864). 
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unique* instance of digging-stick culti¬ 
vation among the Malayan peoples that 
was not at the expense of forest. It has 
been verified by the writer’s personal 
observation that Karo women under¬ 
take great labor of this sort in garden¬ 
ing. As might be expected, peoples who 
depend largely or entirely on root crops 
rather than grain are those most likely 
to retain the digging stick. So the Pap¬ 
uans and Melanesians use it, as re¬ 
ported from New Guinea (Chalmers 
and Gill, 1885), New Britain (G. Brown, 
1910), and Fiji (Williams, 1858). The 
Malayan-type upland rice cidture of 
Madagascar was described by Flacourt 
(1661) as employing the planting stick. 
Examples from the New World of its 
use are less easily found but may be 
cited from Chiapas, southern Mexico 
(La Farge, 1927), and the Yucatan 
Peninsula (Lundell, 1937). 

Turning to the literature on conti¬ 
nental Africa, we find that most of the 
agricultural descriptions are of hoe cul¬ 
tivation, and we get the impression 
(this appears to have been also the 
conclu.sion of Bews, 1935) that at the 
time of the European explorers of a 
century or more ago the hoe had long 
replaced the digging stick among Bantu 
cultivators. Livingstone (1875) en¬ 
countered in what was to become 
Northern Rhodesia a miserable tribe 
(the Babisa) who lived on many wild 
fruits, roots, and leaves, but who also 
practiced the most primitive type of 
hoe cultivation with a wooden V-shaped 
implement made from a branch with 
another springing out of it, with which 
they clawed the soil after scattering 
seed. This primitive tool might almost 
as well have been regarded as a sur¬ 
viving precursor of the plow as of the 
hoe. In other districts of the same gen¬ 
eral region, however, Livingstone found 
evidence of smelting of iron and pos¬ 
session of iron tools from very ancient 
times. 

The next higher type of tool after the 
hoe was the plow, but this in its primi¬ 


tive forms was too ineffective and frag¬ 
ile an implement for breaking sod. In¬ 
troduction of modern types opened a 
period of plowing of grassland though 
with no regard to contours or erosion, 
which resulted in great soil damage. 

Ashes and Termite Debris 

as Fertilizer 

I^eached ashes, from concentrated 
fertilizer salts in trees, afforded the 
only fertilizer that the primitive agri¬ 
culturist had. This was absorbed only 
partially by his crops, the remainder 
was lost in drainage, and the supply 
was sufficient for only a crop or two. 
After primitive man discovered the 
value of the ash, he conceived the idea 
of lopping branches from near-by trees 
to burn on his field. So came about the 
system which in Africa is known as 
chitemene. This corresponds to an an¬ 
cient practice in Euiopc, though its 
origin is unknown. In Northern Rho¬ 
desia, the region which contributed the 
word **chitemene** to agricultural litera¬ 
ture, lopping and pollarding trees on 
fallov/ land to burn on the fields has 
become standaid practice in the cycle 
of land use, for the great part of the 
land in forest fallow contributes part of 
its growth increment each year to the 
fertilization of the smaller part under 
cultivation.’*'^ 

15. The Livingstones (1866) and Livingstone 
(1875) seem to have been the first to ob¬ 
serve and describe what must have been 
chitemene in Nyasa along the Rovuma River. 
An excellent, and the most complete, descrip¬ 
tion of the method as applied to growing a 
.specific crop is that of Clements (1933) for 
finger millet (Eleusine coracana) in Nyasa- 
land. Accounts by Hailey (1945), Richards 
(1939), and Trapnell and Clothier U937) 
for Northern Nigeria and of Burnett (1948) 
for the Sudan are especially important. 

Burnett (1948) described for the Sudan a 
most amazing modification of chitemene, 
which depends upon the reduction of the 
accessory wood to fertilizer through the ac¬ 
tion of termites instead of fire. The land to 
be regenerated is piled with branches and 
leaves from adjacent areas to a thickness of 
a couple of feet. In four months the termites 
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In India tita aboriginal iribos of ,h, ’‘‘ci'ir Mamnia pooploma^ Sat heap 
peninsula have practiced an equivalent of dry grass and weeds. On top they 
of chitemene. It was described for the piled sods and soil. Igniting the heap 
Korku of the Central Provinces by For- from below resulted in combustion oi 


Korku of the Central Provinces by For- from below resulted m combustion c 
sythe (1889); it is called parka or the vegetable matter and humus. Liv- 
aippa by the Maria Gonds of Bastar in ingstone said: “The burning is slow, 
the Central Provinces (Grigson, 1938); and most of the products of combus 


it has been studied by Fiirer-Haimen- 
dorf (1949) among the Reddi of Hy¬ 
derabad. 


tion are retained to fatten the field; in 
this way the people raise large crops.” 
Similar accounts are found for the Su¬ 


dan and for India (Crowther, 1948), 
Sod- or Soil-burning where sod-burning extended to Assam. 

Similar to fertilization by burning of There, according to Gordon (1914), 
vegetation to secure ash is the system the Khasi turned over sods, allowed 
of sod- or soil-burning which is re- them to dry, and piled them with bun- 
sorted to in India and Africa. It is be- dies of grass in sufficient quantity to 
lieved to improve the texture of the insure that the ignited pile would be 
soil as well as to fertilize it, and it ap- slowly reduced to denatured soil and 
parently was met with approval by ashes. This was a procedure which, 
Crowther (1948), one of the contribu- Gurdon said, persisted even in Eng- 
tors to TotliilFs volume (1948) on Ag- land as the “paring and burning” proc- 
riculturc in the Sudan, although Tot- ess. In Africa it was apparently con- 
hill himself dissemted. fined to the northeast, where it was 


In Nyasaland, Livingstone (1875) 
found that hoe cultivation of grassland 
was accompanied by soil-burning. Ma- 

will have reduced it to dust, and this purely 
biological process will not have destroyed or 
dissipated valuable manurial constituents. This 
system is practiced by the Dinka, but neigh¬ 
boring tribes, instead of using fire, let the 
termites dispose of felled material on clear¬ 
ings which are not enriched by additional 
loppings. 

In West Africa (Alawa district, Niger Prov¬ 
ince) Taylor (1942) found that pagan vil¬ 
lagers were keeping plots in permanent cul- 
ti\'ation by the use of broken-up termite 
mounds as fertilizer and that the same people 
(doubtlc'ss of Bantu affinity) arranged tor the 
pastoial Fulani to “kraal” their cattle on land 
which w.is thus rendered fertile and produc¬ 
tive. Othe r African groups did the same with¬ 
out saving animal manure and transporting it 
to their Helds. 

Copland (1822) wrote of what may have 
been the equivalent of the chitemene system 
in Madagascar. His work was based upon the 
archives of the London Missionary Society, 
and the particular account was of burning 
bamboo to procure ashes for fertilizing rice 
fields in the vicinity of Tamatave, where Fla- 
court had first described the burning of bam¬ 
boo to make rice fields. 


probably an introduction from A.sia. 

Sod- or soil-burning is not associated 
with the most primitive agriculture, 
which utilizes only wooded land, but 
with hoe agriculture, which includes 
grassland as well. 

The Hariq System of 

Ora ss-hurning 

Associated with agricultural use of 
grassland is not only sod-burning but 
also a specialized type of grassland¬ 
burning which actually destroys the 
grass. Known in the Sudan as hariq, the 
Arabic word for burning, it is an intro¬ 
duction from Asia (Burnett, 1948; 
Crowther, 1948). 

In ordinary burning of grassland the 
firing is done during the dry season 
when the grasses are dormant and the 
rhizomes below ground are full of 
stored food to provide for the first rapid 
renewal of growth when the rains 
come. If burning takes place just when 
the new growth has exhausted the 
stored food, the rhizomes cannot re¬ 
new growth, and the grass dies. So the 
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hariq system of cultivation depends 
upon waiting until the stored food is 
nearly exhausted. Old dead grass must 
provide enough fuel to kill the lush 
new growth at the time when the lat¬ 
ter cannot be renewed. 

Alternation of Cropping and 

Controlled Fallow 

In some sparsely populated districts 
of Africa where there was sufficient 
land to allow cropped plots to lie fal¬ 
low long enough to restore soil fertil¬ 
ity, there was often replacement of pri¬ 
mary forest by secondary forest. As 
population increased and primary for¬ 
est was no longer available, the agri¬ 
cultural tribes fell into a system of us¬ 
ing tlie land in a more or less regular 
rotation of crop with secondary-forest 
fallow. They protected from fire ad¬ 
joining land which had already been 
degraded to “parkland savanna,” so that 
it reverted to forest, and took it into 
the rotation also. In this way the extent 
of land occupied by some sort of pro¬ 
tective covering of forest was actually 
increased. This could take place deep 
enough within the closed forest region, 
so that there was excess moisture to 
permit natural reforestation; it could 
hardly happen in a marginal zone 
where clearing had taken place under 
conditions of unstable equilibrium. 

According to Vanderyst (1924), 
whose views are expounded at consid¬ 
erable length by Kuhnholz-Lordat 
(1939), certain Bantu tribes in the 
western Congo developed the system 
of shifting agriculture into a regular 
rotation by protecting their fallow 
clearings from fire, and their procedure 
(tlie “Bantu system” of agriculture) 
even resulted in reclaiming to forest 
some of the savanna land adjoining 
their clearings. In the main, however, 
the great majority of observers have 
concluded that there has been general 
progress of savanna and grassland into 
the former forest zone, even though 


there may have been exceptional in¬ 
stances of forest recovery on the bor¬ 
der. Furthermore, there is general 
agreement that, as the forest has re¬ 
treated, so, in the main, has agricul¬ 
ture, although there is some hoe agri¬ 
culture of grassland, and recently the 
plow has been widely adopted, chiefly 
under European influence. The histori¬ 
cal trend, however, was for semino- 
madic, partially Hamitic, pastoral tribes 
to push southward and to displace the 
dominant Bantu agriculturists. 

In Africa there is seldom a happy 
mean between agricultural and pas¬ 
toral pursuits. Hamitic tribes, often re¬ 
ferred to as the “Fulani,” were gener¬ 
ally almost purely pastoral. Pressing 
southward from the Mediterranean re¬ 
gion and the Sahara, they amalgamated 
by slave-raiding with some of the Bantu 
and often imposed their pastoral cul¬ 
ture upon a mixed population. More 
equatorial Bantu tribes have remained 
almost entirely agricultural. The no¬ 
madic pastoral groups at the edge of 
the Sahara are as devastating as swarms 
of locusts, and those Bantu who have 
adopted pastoral life have often been 
burdened with unproductive, non-eco- 
nomic cattle, which are a measure of 
social distinction and of wealth with¬ 
out prosperity. 

Before the advent of European colo¬ 
nialism, the economy of tropical Af¬ 
rica was usually suited only to a sparse 
population. Of course there were ex¬ 
ceptionally fertile areas, but in the 
main a subsistence economy prevailed, 
with no surplus or facilities for trade. 
Production of agricultural products for 
export has created a demand for labor, 
and detribalized laborers have had to 
be fed, which has required more ra¬ 
tional and scientific land use. 

Control by Planting Selected 

Trees 

Advocates of modification of the 
“Bantu system” of agriculture maintain 



Mans Role in Clanging ihe Face of the Earth 

that alternalion of agricultural and sil- ductivity of 
vicultural crops would be the best sys- all the palms die a le c 
torn of land management for certain flowering. The land-use cycle Wen 
areas which are suitable for growing would end, and the old Icumiti^ (h/Iaiay) 
uniform plantings of useful timber or jurrui (Batak) would be cleared 
trees. The early forestry officials and again for dry-land rice, maize, manioc, 
advisers in India and Burma believed bananas, and other food plants. The 


that such a system of rotation could be 
based upon shifting agriculture and 
that the agiieultural phase would pro¬ 
vide for subsistence of the relatively 
sparse population permanently em¬ 
ployed to care for the forest. Areas 
cleared of mature forest on a succes- 
sional basis could be planted to crops 
for a season or two and then planted 
with useful trees. At times of planting, 
the nursery-grown seedlings of valua¬ 
ble species, such as teak, would be too 
small to interfere with agricultural 
crops. As the planted trees grew, com¬ 
peting “weed” trees could be cleared 
out and used for fuel, poles, etc. In 
Burma the natives sometimes planted 
disused clearings with useful woody 
plants such as orange trees, tea, and 
betel-nut palms, so that a beginning 
seemed to have been made in enrich- 


same natives somewhat systematically 
enriched forest with rattan seedlings 
grown in nursery beds from seeds pro¬ 
cured while gathering mature rattan. 
Such a cycle of agricultural utilization 
and reversion to forest could not be in¬ 
definitely repeated, for increase in 
amount of grass led to closely repeated 
burnings which ended with a patch of 
grassland in which the lalang (Ivipe- 
rata) sod was too compact to be culti¬ 
vated, except in a very limited way. In 
the course of ages of human occupa¬ 
tion much of Sumatra has been trans¬ 
formed from forest into artificial prairie 
(padang). Of course, the densely pop¬ 
ulous parts of the central Batak lands 
have depended mainly on permanent 
cultivation of wet-rice terraces (sawah). 
The djoema or lacking system of tem¬ 
porary agriculture has been replaced 


ment of secondary jungle which might 
be adapted to an orderly rotation. So 
arose the so-called taungya forestry 
system, essentially of European incep¬ 
tion, which has been widely talked 
about and advocated in Africa. Actu- 


by sawah cultivation, except on sub¬ 
marginal or distant, peripheral land. 
This was undoubtedly a development 
that took place hundreds or thousands 
of years ago. 

In Burma and Sumatra enrichment 


ally, there is nothing about it for which of the forest fallow intergrades with en- 
African precedent and an African name richment of the secondary forest-at- 
coLild not easily have been found: wit- large, and both are not far removed 
ness the conservation and planting of from village plantings of useful trees 
oil palms in agricultural clearings from which we have regarded as primitive 
West Africa to almost across the con- horticulture. There would seem to be 


tinent. no insuperable p.sychological impedi- 

On the east coast of Sumatra the ment to the ultimate replacement of 
Pardembanan Batak sometimes planted shifting agriculture by an agricultural- 
exhausted clearings with sugar palm to silvicultural cycle. Among primitive ag- 
be utilized years later. Sugar palms riculturists antipathy to forest reserves 
would mature and come into flower at is marked, especially in Africa, but is 
about the same time. When the in- being overcome by the establishment 
florescences had been tapped to make of village woodlands where people may 
sugar and the abundant black fiber had obtain building materials and fuel. At 
been harvested for thatching, the pro- any rate, the accelerated denudation of 
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tropical lands has come to present a 
problf3m of first magnitude. 

CONTOAST AND CONCLUSION 

Civilized Destruction of 

Forests 

It is an interesting fact that, wher¬ 
ever a few colonists of a higher culture 
have gone into countries of primitive 
culture, they have largely dropped to 
the primitive level of agriculture. This 
is well demonstrated by the history of 
the colonization of the eastern United 
States, where land was ruthlessly 
•cleared, with waste of the fore.st, and 
•eventually with waste of much of the 
soil by erosion. The best tropical exam¬ 
ple is provided by Cuba, where the 
situation was early complicated by the 
addition of an African slave popula¬ 
tion to the original vanishing Carib 
population on about the same cultural 
level. In the presence of what seemed 
inexhaustible resources of forest and 
land, and with slave labor, supposedly 
civilized man dropped back to the ag¬ 
ricultural level of primitive tribesmen. 
This also took place along the coast of 
Brazil. If an example were to be cho¬ 
sen from the Orient, it might be pointed 
out that the agricultural procedure of 
Europeans in the famous Deli tobacco 
region of Sumatra was at first merely 
an extension of the indigenous ladang 
agriculture, which had already reduced 
much of the forest in the most fertile 
area of Sumatra's east coast to useless 
lalang grassland (padang). That is to 
say, it was useless to the native, who 
could not turn the heavy sod with the 
resources at his command, but it could 
be employed under European manage¬ 
ment. Even considering its long-fallow 
rotation, the Deli tobacco system was 
no great improvement on native la- 
dang agriculture, and, in recognition 
of its devastation of a disproportionate 
amount of forest for the amount of 
land actually producing a crop at any 
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one time, it was not a credit to civilized 
culture. 

Replacement of overmature rubber 
trees on plantations in the Far East 
might well be preceded by a season oi 
two of cropping, but permanent land 
use in the tropics is likely to utilize 
woody plants almost exclusively and to 
resemble forestry in its procedures. 
There are many who believe that the 
most profitable agriculture for non- 
industrialized tropical regions will al¬ 
ways be production for export of dis¬ 
tinctively tropical products, such as 
rubber, coffee, and bananas, with only 
a minimum of subsistence crops for lo¬ 
cal consumption. The tropics, if a 
peaceful world and freedom of trade 
could be maintained, might provide a 
quite satisfactory standard of living by 
their export trade for a population ad¬ 
justed to the productivity of its land. 

There arc many persons in cultured 
communities who see nothing harmful 
about destruction of forest in shifting 
cultivation. The prevailing philosophy 
among the administrative class in many 
colonial countries has been (1) that 
deforestation was not harmful if the 
forest contained many different species 
and the commercially valuable ones 
among them were too infrequent to 
make exploitation “pay"; (2) that there 
was so much forest that it would never 
“pay" to preserve even potentially val¬ 
uable inaccessible forest; (3) that for¬ 
est harbored noxious animals or that it 
was “unhealthy"; (4) that land had to 
be cleared preliminary to utilization (it 
was almost a law of nature that it 
should be, so why try to prevent it?); 
(5) that forest was less profitable than 
grazing land; and (6) that shifting cul¬ 
tivation was “customary," and ancient 
customs should not be interfered with. 

Primitive Conservation of 

Forests 

Some of the most interesting phe¬ 
nomena in connection with the preser- 
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c j. ' fT*nnir*c hv thcii' teaclicrs to desecrate sacred 

sufBced as sources of seed for the res- peaks of the Khasi Hills of Assam were 
toration of some species of the original clothed with indigenous forest which 
flora. These were sacred groves, often superstition has preserved from the axe 
occupying hilltops, or places where of the wood cutterGurdon (1914) 
there were unusual manifestations of said of the numerous sacred groves 
nature that were attributed to wild or (ktlaw kyntang) that they were a re- 
ancestral spirits. markable feature of the same region. 

Such sacred spots have been re- that they were generally located near 
ported from a good many distant re- the summit of hills or just below the 
gions. To take some random examples brows of the hills, and that it was an 
from Asia and Indonesia, on the island offense to cut wood in them except for 
of Timor, Forbes (1885) found it diffi- cremations. They still persisted in 1938, 
cult to secure botanical collections from when Bor (1942) visited them. He gave 
the places richest in interesting species an excellent account of these sacred 
because they were luli, that is, under a patches of evergreen forest which just 
taboo. In Borneo, Nieuwenhuis (1904- before World War II were the only 


7) found the same taboo, there termed 
by a cognate word, Jenks (1905) 

pictures a sacred grove of the Bontok 
of Luzon. In India some areas occu¬ 
pied by the aboriginal tribes had many 
sacred groves. A most regrettable fea¬ 
ture of missionary activity among these 
tribes is that converts were encouraged 

]6. In Sumatra (Asahan) places on fiat 
land inhabited by the Pardembanan Batak 
were found by the writer to be considered sa¬ 
cred to forest spirits if lateral growth of super¬ 
ficial roots and fallen leaves had made a roof 
over a little forest stream and thus concealed it 


17. Bor remarked (1942, p. 159): “It has 
always been a matter of great regret to me 
that the spread of Christianity in the hills 
tends to involve the complete destruction of 
all that is most interesting in the lives and 
customs of primitive peoples. . . . The Khasi 
attitude of mind being what it is it is un¬ 
reasonable to expect that the sacred groves 
will last forever." With their disappearance 
goes the last remnant of the “climax forests 
of the Khasi Hills." In Chota Nagpur, Brad- 
ley-Birt (1910) said that the superstitions of 
the Kols had preserved in the sacred groves 
(sarna) what little remained of primitive 
forest. The same author (1905, pp. 257, 279) 
had said of the Santals of Dravidian stock 


from view except at short intervals. Some- that each village preserved a sacred grove 
times there would be just a little aperture, a (jaher than)^ scene of communal sacrifices, 
foot or so across, where the swiftly flowing Roy (1912) wrote of the Mundas of Chota 
stream appeared, running over a white sand Nagpur that their only temples were the 
b^tom through a black muck swamp. Or, at village samasy or sacred groves, and that 
other places, the stream could be heard mur- jj, some Mundari villages no other original 
muring along under the spreading .superficial forest had escaped the fara fire. The jara was 
roots of a tree. The curious gentle noises filled • the forest clearing of shifting agriculture, 
the Batak with what seems to a conserva- As an example from India of the protec¬ 
tionist a most commendable feeling of rever- tion of a single sacred species, Hahn (1906) 
ence. Nothing would induce them to clear tells us that the harm tree (Nauclea parvi- 
such a spot and, if it was necessary in con- folia) was worshiped by the Oraon and Khar- 
necti^ ^ preparing a plantation site, Chi- war of Chota Nagpur and was preserved even 
1 employed for the work. Ypes when all other trees were cleared away for 
' . j shifting agriculture. The same author said 

tamed island-like places of prayer” (poelo- that, of the sacred groves of the Munda, only 
poelo semhahen ), or sacred groves, in which a a few trees were left and that some sarna 
particular prayer tree” (Kaioe s^hahSn) was had been pre-empted for Christian mission 
considered to be the exact residence of the stations. Thus the traditional conservation was 
spirit that was prayed to. negated by the advance of civilization! 
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remnant of ancient vegetation. There 
has been extraordinary destruction 
since then in that region, partly caused 
by intrusive population with no local 
traditions. 

Sacred groves and mountains have 
likewise been reported in various parts 
of tropical Africa, from the Ivory Coast 
at the west to Mozambique at the 
east.’® In Madagascar, as we learn from 
Lord (1900), the most ancient tradi¬ 
tional site of habitation in Imerina, the 
capital province, was still preserved as 
a sacred grove in 1853. In general, 
places traditionally associated with the 
spirits of the Vazimba or most ancient 
inhabitants were regarded with awe 
and were not devastated except through 
European influence. The same was true 
of the burial places of the Hova kings 
and other ancient burial sites. 

As already indicated, the veneration 
for saered groves and wooded burial 
places is related to worshipful regard 
for certain species of trees or for indi¬ 
vidual trees which are accounted sa¬ 
cred. Such limited regard is not so ef¬ 
ficacious for conservation of all vegeta¬ 
tion of a sacred place, but it has doubt¬ 
less accounted for the preservation of 

18. As an example one may cite Living¬ 
stone’s (1875) observation of a tree called 
"hokontor which was preserved in a “dark 
sepulchral grove” near Tamiala in the middle 
of what is now Nyasaland and which seemed 
to have been exterminated elsewhere. Living¬ 
stone also (1866) noted, near Motunta in 
the country from which the Batoka tribe 
had been driven by slave-raiders, that the 
sites of deserted villages were marked by 
stone circles on which com safes had stood, 
as well as by fruit trees and gigantic wild 
fig trees. From Livingstone’s later work (1875) 
we learn that on the eastern shore of Lake 
Nyasa (barely within Mozambique) the sites 
of old villages were marked by the “sacred 
fig.” B4gu6 (1937) mentioned as vegetational 
vestiges the sacred forests near certain village 
sites in the Ivory Coast. Schnell (1950) says 
that certain mountain crests in the same coun¬ 
try are refuges of the native flora because 
they are held sacred to mountain spirits. He 
cites similar observations of Bouys and Chev¬ 
alier. 


seed trees of certain species whidi 
might otherwise have been destroyed 
In Formosa and Sumatra the custom 
has prevailed of propagating certain 
trees from the parent-village at a new 
village site. In all countries where Bud¬ 
dhism has been important certain sa¬ 
cred trees have been propagated at lu'w^ 
religious centers. In this way the pipal 
(Ficus religiose) has been widely 
spread in southern Asia, and other spe¬ 
cies, such as Ficus hcnjainina, have 
spread throughout Indonesia. 

Forest Refiewal and Continuous 

Productivity 

Overcoming formerly natural limita¬ 
tions on population growth goes on 
apace. The progress of medical science 
keeps people alive longer; the progress 
of agricultural science provides more 
food; the development of engineering 
projects improves control over floods 
and drought; and the spread of civiliza¬ 
tion tends to stop limitation of popula¬ 
tion by minor warfare. All these trends 
produce overpopulation. If there is to 
be no present restraint on population, 
no looking to the future, no doubt that 
science will always find a substitute for 
depleted natural resources, then there 
is no hope for success of those who 
would conserve the earth’s endowment 
for the future. 

Yet it would seem almost axiomatic 
that, if human life is so valuable a 
thing, its long future should be assured. 
In fact, it would seem to those of us 
who believe in conservation that the 
difference between civilized and un¬ 
civilized man is that truly civilized man 
feels an obligation to leave the world 
as good as, or better than, he inher¬ 
ited it, for the benefit of future genera¬ 
tions. Though humane, man may nev¬ 
ertheless be uncivilized if he cannot 
take thought for the future as well as 
for the present, and, if ruthless in de¬ 
struction of natural resources, he is 
merely a barbarian. 
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bearing of would be idle to attempt to fabpo aL 


We may ask; What is tVK interference with nature, in so far as 

aU this on the effect of can be modiBed for the ultimate 

culture and Sre on tropical vegetation. ruthless destruction 

Tbe Ix^rini, fs .Impic. Tl.o r.se ot -n^ adv»l.ge, lol- 

lowed by the everlasting depreciation 
of resources for the future, can only be 
condemned. The wastefulness of shift¬ 
ing agriculture must be condemned by 
those who look to the future. The goal 
of our efforts now should be to return 
land, already greatly deteriorated 
through unwise predatory utilization, 
to the state of forest and to elevate the 
remainder to the state of continuous 
productivity. 

The chief objective of this chapter 
has been to point out what man has 
done by primitive agriculture and fire 
in tropical lands around the world to 
bring about deterioration. Frank reali¬ 
zation of what has happened must be 
the first step toward reform. 


The bearing . 

from brute to savage, from savage to 
barbarian, and from barbarian to t e 
semicivilized man of today has come at 
great expense to the resources of the 
world as it was, let iis say, before man s 
mastery of fire and tools enabled him 
to dominate the earth. He knew no bet¬ 
ter than to do what has been found to 
be harmful. Now he knows better. He 
can take stock of what he has done and 
can plan for the future, before every¬ 
thing has been destroyed. He is now 
entering upon a new age in which his 
very knowledge, without wise planning, 
may bring about retrogression and loss 
of what he has gained. 

One cannot argue that man should 
not strive to retain his dominance. It 


REFERENCES 


Ames, Oakes 

1939 Economic Annuals and Human 
Cultures, Cambridge, Mass.: Botani¬ 
cal Museum of Harvard University. 
153 pp. 

Aubreville, a. 

1937 "Dix ann^es d experiences sylvi- 
coles en C6te d’Ivoire,” Revue des 
eaux et forits, LXXV, No. 4, 289- 
302; No. 5, pp. 385—400. Paris; So¬ 
ciety des Amis et Anciens El^ves de 
I'Ecole Nationale des Eaux et Forte. 

1949a Climats, forSts et desertification 
de VAfrique tropicale. Paris; Soci6t6 
d’^ditions G^ographiques, Maritimes 
et Coloniales. 352 pp. 

1949h Contribution d la paUohistoire 
des forits de VAfrique tropicale. 
Paris: Socite d’fiditions G6ogra- 
phiques, Maritimes et Coloniales. 98 

pp. 

Ballet, Jules 

1894 La Guadeloupe: Renseignements 
sur rhistoire, la flore, la faune, la g4- 
ologie, la minirdlogie, Tagricidture, 
Vols. I-III: 1625-^1715, Basse-Terre: 


Imprimerie du Gouvernement. 369 

pp. 

Bartlett, H. H. 

1919 “The Manufacture of Sugar from 
Arenga saccharifera in Asahan, on the 
East Coast of Sumatra,” Twenty-first 
Report, Michigan Academy of Sci¬ 
ence, pp. 155-65. 

1935 “The Batak Lands of North Su¬ 
matra, from the Standpoint of Recent 
American Botanical Collections,” Nat¬ 
ural and Applied Sciences Bulletin, 
IV, No. 3, 211-323. Manila: Univer¬ 
sity of the Philippines. 

1955 Fire in Relation to Primitive Ag¬ 
riculture and Grazing in the Tropics: 
Annotated Bibliography. Ann Arbor, 
Mich.: University of Michigan, Bo¬ 
tanical Gardens. 568 pp. 

Bates, Henry Walter 

1864 The Naturalist on the River Am¬ 
azons. 2d ed. London: John Murray. 
466 pp. 

Baudesson, Henri 

1919 Indo-China and Its Primitive 
Peoples, Trans. E. Appleby Holt. 



Fire and Prirnilive Agriculture in the Tropics 


London: Hutchinson & Co.; New 
York: E. P. Dutton Co. 328 pp. 

Begbie, P. J. 

1834 The Malayan Peninsula, Embrac¬ 
ing Its History, Manners and Customs 
of the Inhabitants, Politics, Natural 
History, etc., from Its Earliest 
Records. Printed for the Author at 
the Vepery Mission Press. 521 pp. 

Begue, Louis 

1937 Contribution a V etude de la 
vegetation forestiere de la Haute-Cote 
dTvoire. (‘‘Publications du Comite 
d’Etudes Historiques et Scientifiques 
de TAfrique Occidentale Fran^aise/’ 
Series B, No. 4.) Paris: Libraire La- 
rose, 126 pp. 

Bews, J. W. 

1935 Human Ecology. London: Ox¬ 
ford University Press. 312 pp. 

Bor, N. L. 

1938 “A Sketch of the Vegetation of 
the Aka Hills, Assam: A Synecological 
Study,” Indian Forest Records, I, No. 
4, 103—221, Delhi: Government of 
India Press. 

1942 “The Relict Vegetation of the 
Shillong Plateau, Assam,” Indian For¬ 
est Records (N.S.), Botany, III, No. 
6, 152—95. New Delhi: Government 
of India Press. 

Bouillenne, Ray 

1926 “Savanes ^quatoriales en Ame- 
rique du Sud,” Bulletin Societe Roy ale 
de Botanique de Belgique, Series 2, 
LVIII, 217-23. 

Bradley-Birt, F. B. 

1905 The Story of an Indian Upland. 
London: Smith, Elder & Co. 354 pp. 

1910 Chota Nagpore: A Little-known 
Province of the Empire. London: 
Smith, Elder & Co. 327 pp. 

Brandis, Dietrich 

1906 Indian Trees: An Account of 
Trees, Shrubs, Woody Climbers, Bam¬ 
boos, and Palms Indigenous or Com¬ 
monly Cultivated in the British In¬ 
dian Empire. London: Constable & 
Co., Ltd. 767 pp. (4th impression, 
1924.) 

Brenner, Joachim Freiherr von 

1894 Besuch bei den Kannibalen Su- 
matras: Erste Durchquerung der un- 


abhdngigen Batak-Lande. Wurzl urg, 
Verlag von Leo Woerl. 388 pp. 

Brown, George 

1910 Melanesians and Polynesians: 
Their Life-Histories Described and 
Compared. London: Macmillan & Cc.. 
451 pp. 

Brown, William H. 

1919 Vegetation of Philippine Moun¬ 
tains. Manila: Bureau of Printing. 
434 pp. 

Brown, William H.; Merrill, E. D.; 

and Yates, Harry S. 

1917 “The Re vegetation of Volcano 
Island, Luzon, Philippine Islands, 
since the Eruption of Taal Volcano 
in 1911,” Philippine Journal of Sci¬ 
ence, C. Botany, XII, No. 4, 177— 
248. 

Bruce, James 

1790 Travels To Discover the Source 
of the Nile, in the Years 1768 . . . 
1773. 5 vols. Edinburgh: G. G. J. & 
J. Robinson. 

Bi;rbidge, F. W. 

1880 The Gardens of the Sun: Or a 
Naturalist*s Journal on the Mountains 
and in the Forests and Swamps of 
Borneo and the Sulu Archipelago. 
London: John Murray. 364 pp. 

BuRNE'ir, J. R. 

1948 “Crop Production,” pp. 275—301 
in Tothill, J. D. (ed.), Agriculture 
in the Sudan. London: Oxford Uni¬ 
versity Press. 974 pp. 

Busse, Walter 

1908 “Die periodische Grasbrande im 
tropischen Africa, ihr Einfluss auf die 
Vegetation und ihre Bedeutung fiir 
die Landeskultur,” Mitteilungen aus 
den deutschen Schutzgebieten, XXI, 
No. 2, 113—39. Berlin: Ernst Sieg¬ 
fried Mittler & Sohn. 

Campbell, John 

1864 A Personal Narrative of Thir¬ 
teen Years Service amongst the Wild 
Tribes of Khondistan for the Sup¬ 
pression of Human Sacrifice. London: 
Hurst & Blackett. 320 pp. 

Catat, Louis 

N.d. Voyage d Madagascar (1889- 
1890), Paris: L'Univers Illustr^. 410 

pp. 



714 Mans Role in Changing the Face of the Earth 


Chalmkrs, James, and Gill, William 

Wyatt 

1885 Work and Adventure in New 
Guinea, 1877 to 1885. London: Re¬ 
ligious Tract Society. 342 pp. 

CiiAMisso, Aoelbert von 

N.d. Reise um die Welt mit der Ro- 
manzoffischen EntdeckungS’Expedu 
tion in den Jahren 1815—1818 auf 
der Brigg Rurik, Kapitdn Otto v. 
Kotzebue, Vol. I: Tagebuch; Vol. II: 
Anhang, Bemerkungen und Ansichten. 
(Vols. Ill and IV in Chamissos ge- 
sammelte Werke . . ., ed. Max Koch.) 
Stuttgart: Verlag der Cotta'schen 
Buchhandlung. Vol. Ill, 279 pp.; Vol. 
IV, 304 pp. 

Charon, A.^ 

1897 “Etude sur les prairies et T^le- 
vage du boeuf dans le pays Sihanaka 
et Je Haut-Boiieni, Colonie de Mada¬ 
gascar,” Notes, reconnaissances et ex¬ 
plorations, II, No. 12, 561—91. Tana¬ 
narive: Imprinierie Officielle. 

Chemin-Duponi'es, Paul 

1909 “La Question foresti^re en Indo- 
chine,” Bulletin de ComitS de VAsie 
Frangaise, IX, No. 101, 340-48. Paris; 
Comit^ Asie Fran9aise. 

Chipp, T. F. 

1927 The Gold Coast Forest: A Study 
in Synecology. (“Oxford Forestry 
Memoirs,” No. VII.) Oxford: Claren¬ 
don Press. 94 pp. 

Clements, J. B. 

1933 “The Cultivation of Finger Mil¬ 
let (Eleusine coracana) and Its Rela¬ 
tion to Shifting Cultivation in Nyasa- 
land,” Empire Forestry Journal, XII, 
No. 1, 16-20. 

Cook, O. F. 

1908 Change of Vegetation on the 
South Texas Prairies. (U.S. Depart¬ 
ment of Agriculture, Bureau of Rant 
Industry, Circular No. 14.) Wash¬ 
ington, D.C.: Government Printing 
Office. 7 pp. 

1909 Vegetation Effected by Agricul¬ 
ture in Central America. (U.S. De¬ 
partment of Agriculture, Bureau of 
Plant Industry, Bulletin No. 145.) 
Washington, D.C.: Government Print¬ 
ing OfBce. 30 pp. 

1921 “Milpa Agriculture, a Primitive 


Tropical System,” Annual Report of 
the Smithsonian Institution for 1919, 
pp. 307-26. Washington, D.C.: Gov¬ 
ernment Printing Office. 

Cooke, C. Wythe 

1931 “Why the Mayan Cities of the 
Peten District, Guatemala, Were 
Abandoned,” Journal of the Wash¬ 
ington Aca^my of Science, XXI, No. 
13, 283-87. 

Copland, Samuel 

1822 A History of the Island of Mada¬ 
gascar, Comprising a Political Ac¬ 
count of the Island, the Religion, 
Manners and Customs of Its Inhabit¬ 
ants, and Its Natural Productions. 
London: Burton & Smith. 369 pp. 

Coventry, B. O. 

1929 “Denudation of the Punjab 
Hills,” Indian Forest Records, XIV, 
Part II, 49-78. Calcutta: Govern¬ 
ment of India, Central Publication 
Branch. 

Crawfurd, John 

1820 History of the Indian Archipe¬ 
lago. 3 vols. Edinburgh: Archibald 
Constable & Co. 

Crowther, Frank 

1948 “A Review of Experimental 
Work,” pp. 439—592 (chap, xx) in 
Tothill, J. D. (ed.). Agriculture in 
the Sudan. London: Oxford Univer¬ 
sity Press. 947 pp. 

Dansereau, Pierre 

1948 The Distribution and Structure 
of Brazilian Forests, (Bulletin du 
Service de Biog^ographie, No. 3.) 
Montreal; University of Montreal. 17 
pp. (Repaged reprint from Forestry 
Chronicle, XXIII [1947], 261-77.) 

Delgado, Juan J. 

1892 Historia general sacro-profana, 
poUtica y natural de las Islas del Po- 
niente Llamadas Filipinos. Manila: 
Imp. El Eco de Filipinas de D. Juan 
Atayde. 1,012 pp. (First publication 
of MS of 1751-54.) 

Duveyrier, Henri 

1864 Exploration du Sahara: Les Toua- 
reg du Nord. Paris: Challamel ain4. 
499 pp. 

Falconer, Thomas 

1797 The Voyage of Hanno Trans¬ 
lated and Accompanied with the 



Fire and Primitive Agriculture in the Tropics 715 


Greek Text; Explained from the Ac¬ 
counts of Moaem Travellers; De¬ 
fended against the Objections of Mr. 
Dodwell, and Other Writers; and 
Illustrated by Maps from Ptolemy, 
D*Anville, and Bougainville. London: 
T. Cadell Jun. & Daviss. 105 pp. 

Finley, John Park 

1913 The Subanu: Studies of Sub- 
Visayan Mountain Folk of Mindanao, 
Part I: Ethnographical and Geo¬ 
graphical Sketch of hand and People. 
(Carnegie Institution of Washington 
Publication No. 184.) Washington, 
D.C. 4 pp. 

Fischer, Arthur F. 

1932 “Annual Report of the Director 
of Forestry of the Philippine Islands 
for the Fiscal Year Ended Decem¬ 
ber 31, 1931,” Annual Report of the 
Department of Agriculture and 'Natu¬ 
ral Resources for the Year 1931, pp. 
523—905. Manila: Bureau of Printing. 

Flacourt, Estienne de 

1661 Histoire de la Grande Isle Mada¬ 
gascar ... avec une relation de ce qui 
s*est passi is annies 1655, 1656, et 
1657, non encor veu 'e par la premidre 
impression. 2 vols. Paris: Chez Pierre 
Bien-fait. 

Forbes, Henry O. 

1885 A Naturalises Wanderings in the 
Eastern Archipelago: A Narrative of 
Travel and Exploration from 1878 to 
1883. New York: Harper & Bros. 536 

pp. 

Forsythe, James 

1889 The Highlands of Central India: 
Notes on Their Forests and Wild 
Tribes, Natural History and Sports. 
London: Chapman & Hall. 475 pp. 

Froes Abreu, Sylvio 

1931 Na Terra das Palmeiras. Rio de 
Janeiro: Officina Industrial Graphica. 
287 pp. 

Furer-Haimendorf, Christoph von 
1943 The Aboriginal Tribes of Hyder¬ 
abad, Vol. I: The Chenchus. London: 
Macmillan & Co. 391 pp. 

Furer-Haimendorf, Christoph and Eliz¬ 
abeth von 

1943 The Aboriginal Tribes of Hyder¬ 
abad, Vol. II: The Reddis of the Bison 


Hills. London: Macmillan & Co. 364 

pp. 

Gamble, I. Sykes 

1875 ^‘The Darjeeling Forests,” Indian 
Forester, I, No. 2, 73—99. 

Gentry, Howard Scott 

1946 “The Durango Grasslands.” Uni 
versity of Michigan thesis, Ann Arbor. 
Ann Arbor: University Microfilms. 
165 pp. 

Gossweiler, John, and Mendon^a, F. A. 
1939 Carta fitogeogrdfica de Angola. 
Lisbon: Republica Portuguesa, Minis- 
t^rio das Coldnias, Edicao do Governo 
Geral de Angola. 243 pp. 

Gourou, Pierre 

1936 Les Pay sans du delta Tonkinois: 
Etude de giographie humaine. Paris: 
Editions d'Art et d’Histoire. 666 pp. 

1947 Les Pays tropicaux: Principes 
dune geographie humaine et icono- 
mique. Paris: Presses Universitaires 
de France. 196 pp. 

Grigson, W. V. 

1938 The Maria Gonds of Bastar. Lon¬ 
don: Oxford University Press. 350 pp. 
Gurdon, P. R. T. 

1914 The Khasis. London: Macmillan 
& Co. 232 pp. 

Hagen, B. 

1903 “Die Gajo-Lander auf Sumatra,” 
Jahresbericht des Frankfurter Vereins 
fiir Geographie und Statistik, Nos. 
66-67, pp. 29-85. Frankfurt on the 
Main: Gebriider Knauer. 

Hahn, Ferdinand 

1906 Blicke in die Geisteswelt der 
heidnischen Kols. Sammlung von 
Sagen, Marchen und Liedem der 
Oraon in Chota Nagpur. Giitersloh: 
C. Bertelsmann. 116 pp. 

Hailey, Lord 

1945 An African Survey: A Study of 
Problems Arising in Africa South of 
the Sahara. 2d ed. London: Oxford 
University Press. 1,838 pp. 

Hall, A. Daniel 

1930 The Improvement of Native 
Agriculture in Relation to Population 
and Public Health. London: Oxford 
University Press. 104 pp. 

Harroy, Jean-Paul 

1949 Afrique: Terre qui meurt. La 
Degradation des sols africains sous 



716 


Man’s Role in Changing the Face of the Eatth 


Vhifluence de la colonisation. 2d ed. 
Brussels: Marcel Hayez. 557 pp. 
Habten, J. a. 

1953 ''Beknopt Oveizicht van de 
Landbouw der Bantus in de Unie 
van Zuid-Afrika en zyn Problemen, 
Indonesie, VI, No. 4, 317-29. 
IlAR'rMANTN, C. W. 

1897 “The Indians of Northwestern 
Mexico,” Congres Internationale des 
AmSricanistes, Cornptes-rendus de la 
Dixidme Session^ Stockholm, 1894, 
pp. 115-36. Stockholm: imprimerie 
Ivar Haeggstrdm. 

Hazeu, G. a. J. 

1907 Gajdsch-Nederlandsch Woorden- 
hoek met Nederlandsch-Gajosch Re¬ 
gister. Batavia: Landsdrukkerij. 1,148 

pp. 

lIisLOP, Stephen 

1886 Papers Relating to the Aborigi¬ 
nal Tribes of the Central Provinces, 
Left in MSS by the Late Revd. 
Stephen Hislop. . . . Edited by 
R. Temple. Nagpore(?). N.p. 

Hodgs'on, Brian Houghton 

1880 Miscellaneous Essays Relating to 
Indian Subjects, Vol. I. London: 
Triibner & Co. 407 pp. (Section I, 
essay on the Kocen, B6do, and 
Dhimal tribes, pp. 1—160. Original 
ed., Calcutta, 1847.) 

Hodson, T. C. 

1911 The Naga Tribes of Manipur. 
London: Macmillan & Co. 212 pp. 
Hoehne, F. C. 

1910 Historia natural. Part I: Bota¬ 
nies. (Annex No. 5.) Rio de Janeiro: 
Cornmissao de Linhas Telegraphicas 
e Estrategicas de Matto Grosso ao 
Amazonas. 71 pp. 

1914 Expedigao scientifica Rosevelt- 
Rondon: Botdnica. (Annex No. 2.) 

Rio de Janeiro. 81 pp. 

1916 Relatorios dos trabalhos de botd¬ 
nica e viagens executatos durante os 
annos de 1908 e 1909, apresentados 
ao Sr. Tenente Coronel de Engen- 
haria Candida Mariano da Silva Ron- 
don. (Publication No. 28, Annex No. 

4.) Rio de Janeiro: Cornmissao de 
Linhas Telegraphicas e Estrategicas 
de Matto Grosso ao Amazonas. 54 pp. 


IloEDitiDGE, Leslie Rensselaeb 

1947 “The Pine Forest and Adjacent 
Mountain Vegetation of Haiti, Con¬ 
sidered from the Standpoint of a New 
Climatic ClassiBcation of Plant For¬ 
mations.” University of Michigan the¬ 
sis, Ann Arbor. Ann Arbor: Univer¬ 
sity Microfilms. 186 pp. 

Hooker, J .D. 

1909 “Botany,” pp. 157-212 (chap, 
iv) in The Imperial Gazetteer of 
Iridia, Vol. I. New ed. Oxford: Clar¬ 
endon Press. 568 pp. 

Humbert, Henri 

1923 Les Composees de Madagascar. 

Caen: Imprimerie E. Lanier. 337 pp. 
1927 La Destruction dune fiore insu- 
laire par le feu: Principaux aspects 
de la vSgStation d Madagascar. (“M6- 
moires de lAcad^mie Malgache,” Vol. 
V.) Tananarive. 79 pp. 

Jacobs, Julius 

1894 Het Familie- en Kampongleven 
op Groot-Atjeh: Eene Bijdrage tot de 
Ethnographic van Noord-Sumatra. 2 
vols. Leiden: E. J. Brill. 408+271 pp. 
Jenks, Albert Ernest 

1905 The Bontoc Igorot. (“Depart¬ 
ment of Interior, Ethnological Survey 
Publications,” Vol I.) Manila: Bu¬ 
reau of Public Printing. 266 pp. 
Johnston, H. H. 

1884 The River Congo, from Its Mouth 
to B6l6b6, with a General Descrip¬ 
tion of the Natural History and An¬ 
thropology of Its Western Basin. Lon¬ 
don: Sampson Low, Marston, Searle, 

& Rivington. 470 pp. 

Joustra, M. 

1926 Batakspiegel: Tweede, vermeer- 
derde Druk. (“Uitgaven van het Ba- 
taksch Instituut,” No. 21.) Leiden: 

S. C. Van Doesburgh. 382 pp. 
Junghuhn, Franz 

1847 Die Battaldnder auf Sumatra: 

Im Auftrage Sr. Excellenz des Gene- 
ral-Gouvemeurs von Niederlandisch- 
Indien Hm. P. Merkus in den Jahren 
1840 und 1841 untersucht und be- 
schrieben. . . . Aus den hollandischen 
Original iibersetzt vom Verfasser, Vol. 

I: Chorographie; Vol. II: Volkerkun- 
de, Berlin: G. Reimer. 300+388 pp. 
Kuhnholtz-Lordat, G. 

1939 La Terre incendide: Essai dagro- 



Fire and Primitive Agriculture in the Tropics 71 " 


nomie comparee. Nimes: Editions de 
la Maison Carree, Ateliers Bmgier. 
362 pp. 

Kurz, Sulpice 

1875 Preliminary Report on the Forest 
and Other Vegetation of Pegu. [Cal¬ 
cutta:] C. B. Lewis, Baptist Mission 
Press. 97-1-95+34 pp- 

La Farce, Oliver 

1927 “Observations of the Indians of 
the San Martin Pa japan Region” and 
“The Coatzacoalcos Basin,” pp. 49- 
92; “Pines,” pp. 329—43; “The Oco- 
singo Valley,” pp. 245—57; and “The 
Northern Tzeltal Tribes,” pp. 325—75 
in Blom, Frans, and La Farce, 
Oliver (eds.). Tribes and Temples: 
A Record of the Expedition to Middle 
America Conducted by the Tulane 
University of Louisiana. 2 vols. New 
Orleans: Tulane University of Louisi¬ 
ana. 

Lange, Algot 

1914 The Lower Amazon. New York 
and London: G. P. Putnam’s Sons. 
468 pp. 

Lavauden, L. 

1931 “Le D^boisement et la vegeta¬ 
tion de Madagascar,” Revue de la 
botanique appliqude et agriculture 
coloniale. No. 122, pp. 817-24. (Seen 
only in abstract; reference not veri¬ 
fied.) 

Lindman, C. a. M. 

1900 Vegetationen i Rio Grande do 
Sul (Syabrasilien). Stockholm: Nordin 
& Josephson. 239 pp. 

Livingstone, David 

1875 The Last Journals of David Liv¬ 
ingstone in Central Africa, from Eight¬ 
een Hundred and Sixty-five to His 
Death, Continued by a Narrative by 
Horace Waller. Chicago: Jansen, Mc- 
Clurg & Co. 541 pp. 

Livingstone, David and Charles 

1866 Narrative of an Expedition to 
the TUimbesi and Its Tributaries; and 
of the Discovery of the Lakes Shirwa 
and Nyassa, 1858-1864. New York: 
Harper & Bros.; London: J. Murray. 

608 pp. 

L5FGREN, Alberto 

1898 Ensaio para uma distribuigao dos 
vegetaes nos diversos grupos floristicos 


no Estado de Sao Paulo. 2d ed. (‘ Bo- 
letim da Commissao Geograph ica e 
Geologica de Sao Paulo,” No. 11.) 
Sao Paulo: Typographia, Vanordeii 
& Cia. 50 pp. 

Lord, T. 

1900 “The Early History of Imerina 
Based upon a Native Account,” An- 
tananarivo Annual and Madagascar 
Magazine, No. 24, pp. 451—75. An¬ 
tananarivo: Press of the London Mis¬ 
sionary Society. 

Ldndell, Cyrus Longworth 

1937 The Vegetation of PetSn. With 
an Appendix, “Studies of Mexican 
and Central American Plants. I.” 
Washington, D.C.: Carnegie Institu¬ 
tion of Washington. 244 pp. 

Maass, Alfred 

1910 Durch Zentral-Sumatra. Berlin: 
Wilhelm Susserott. 851 pp. 

Marche, Alfred 

1887 Lugon et Palaouan: Six anndes 
de voyage aux Philippines. Paris: 
Hachette & Cie. 406 pp. 

Marcuse, Walter D. 

1914 Through Western Madagascar in 
Quest of the Golden Bean. London: 
Hurst & Blackett, Ltd. 318 pp. 

Marsden, William 

1783 The History of Sumatra, Con¬ 
taining an Account ... of the Native 
Inhabitants, with a Description of the 
Natural Productions. London; The 
Author. 375 pp. 

Martius, C. F. P. 

1840—65 Flora Brasiliensis: Enumera- 
tio plantarum in Brasilia hactenus de- 
tectarum . . . Argumentum Fascicu- 
lorum I-XL. Leipzig: F. Fleischer. 
CX coll.; LIX tabb. 

Matheson, J. K., and Bovill, E. W. 

1950 East African Agriculture: A 
Short Survey of the Agriculture of 
Kenya, Uganda, Tanganyika, and 
Zanzibar, and of Its Principal Prod¬ 
ucts. London: Oxford University 
Press. 332 pp. 

Mer, Auguste 

1885 MSmoire sur le PSriple (THannon. 
Paris: Libraire Acad^mique Didier, 
Emile Perrin, Libraire-fediteur. 156 
pp. 

Merrill, Elmer D. 

1926 "General Ecology of Philippine 



718 


Mans 

and Animal*' 


pfx 56—/1; 
.„^.pnK* Botany, 

pp. 15^239, in Au Fnumcmtim ^ 
Philippine Fhtrerino Tkints. \ ol. JV. 
Manila: Bureau of Printing. 515 pp. 


PJaiiis 

“Bibliography of Philip 


Mouhot, Hkniu 

1864 Travels in the Central Parts of 
Jndo-China (Siam), Cambodia, and 
Jmos, during the Years 1858, 1859, 
and I860. 2 voJs. London: John Mur¬ 
ray. 303-f-B01 pp. 

Nano, Jose F. 

1939 “Kaingin Laws and Penalties in 
file Philippines,” Philippine Journal 
of Forestry, II, No. 2, 87-92. 

Njeitwenhuis, a. W. 

1904-7 Quer durch Borneo: Ergeb- 
nissc seiner Rcisen in den Jahren 
1894, 1896-97, und 1898-1900. 2 
vols. Leiden: E. J. Brill. 557 pp. 

PAWom, H. 

1910 Village Folk-Tales of Ceylon. 3 
vols. London: Luzac & Co. 396+ 
466+479 pp. 

Pendleton, Robert L. 

1933 ‘*Cogonals and Reforestation 
with Leucaena glaucaf* Lingnam Sci¬ 
ence Journal, XII, No. 4, 555-60. 

Perrier de la Bathie, H. 

1917 **Au sujet des tourbieres de Ma- 
rotampona,” Bulletin de VAcad4mie 
Malgache (N.S.), I, 137-38. Tana¬ 
narive: Imprimerie Officielle. 

1927 he Tsaratanana, VAnkaratra et 
VAndringitra. (“Memoires de TAca- 
demie Malgache,” Vol. III.) Tana¬ 
narive: G. Pitot et Cie. 71 pp. (Ap¬ 
pendix II, “Historique de la destruc¬ 
tion de la vegetation de la cime de 
Tsaratanana et ses consequences,” 

pp. 26-28.) 

Phillips, John 

1930a “Some Important Vegetation 
Communities in the Central Province 
of Tanganyika Territory (Formerly 
German East Africa): A Preliminary 
Account,” Journal of Ecology, XVIII, 
No. 2, 193-234. 

1930b “Fire: Its Influence on Biotic 
Communities and Physical Factors in 
South and East Africa,” South African 
Journal of Science, XXVII, 352-67. 
Johannesburg. 


s Role in Changing the Face of the Earth 

1931 “The Biotic Community,” Journal 
of Ecology, XIX, No. 1, 1-24. 

Fnnm, H. 

1936 "Voiisidcraciones acerca de la dc- 
stniccion de h.s basques e incendio 
de las sabaiia.s,” Boletin de la Sociedad 
Venezolana de Ciencias Naturales, 
III, No. 26, 291-302. Caracas. 

Powell, Wilfred 

1883 Wanderings in a Wild Country; 
or. Three Years among the Cannibals 
of New Britain. London: Sam.son 
Low, Marston, Searle & Rivington. 
284 pp. 

Richards, Audrey I. 

1939 Ixind, Labour and Diet in North¬ 
ern Rhodesia: An Economic Study of 
the Bemba Tribe. (Published for the 
International Institute of African 
Languages and Cultures.) London: 
Oxford University Press. 423 pp. 
Robertson, William B., Jr. 

1955 “A Survey of the Effects of Fire 
in Everglades National Park.” (Sub¬ 
mitted to United States Department 
of the Interior, National Park Service, 
February 15, 1953.) 169 pp. (Mimeo¬ 
graphed.) [Homestead, Fla., 1955.] 
Rondon, Candido Mariano da Silva 
1916 Conferencias realizadas pelo Sr. 
Coronet Candido Mariano da Silva 
Bondon . . . referentes a trabalhos 
executadas sob sua chefia pela ex- 
pedigao scientifica Roosevelt-Rondon 
e pela e, commissao telegraphica. 
(Commissao de Linhas Estrategicas 
de Matto Grosso ao Amazonas, Pu- 
blicagao No. 42.) Rio de Janeiro. 
Roosevelt, Theodore 

1914 Through the Brazilian Wilder- 
ne.ss. New York: Charles Scribner’s 
Sons. 383 pp.; London: J. Murray. 
374 pp. 

Roy, Sarat Chandra 

1912 The Mundas and Their Country. 
With an Introduction by E. A. Gait. 
Calcutta: Jogendra Nath Sarkar at 


^ Nath 

the City Book Society. 546 pp. 
“Sabiad”; see White, Stanhope 
St. Hilaire, Auguste de 

1837 Tableau gSographique de la vS- 
gStation primitive dans la province de 
Minas Geraes. Paris: P. de la Forest. 
49 pp. 



Fire and Primitive Agriculture in the Tropics 


Sampaio, Alberto Jose de 

1945 Fitogeografia do Brasil. 3d ed. 
('*Bibliotheca pedagogica brasileira,” 
Series 5a, Vol. XXXV.) Sao Paulo: 
Companhia Editora Nacional Brasili- 
ana. 372 pp. 

ScHNELL, Raymond 

1950 La ForSt dense: Introduction d 
V6tude botanique de la region fores- 
tidre d*Afrique Occidentale. (Public 
sous le patronage de Tlnstitut Fran- 
gais d’Afrique Noire.) Paris: Paul Le- 
chevalier. 531 pp. 

Shantz, Homer LeRoy, and Marbut, C. 

F. 

1923 The Vegetation and Soils of Afri¬ 
ca. (‘‘American Geographical Society 
Research Series,” No. 13.) New York. 
263 pp. 

SiBREE, James, Jr. 

1915 A Naturalist in Madagascar. . . . 
London: Seelv, Service & Co. 320 pp. 

Stamp, L. Dudley 

1925 The Vegetation of Burma from 
an Ecological Standpoint. Calcutta: 
Thacker, Spink & Co. 65 pp. 

Stebbing, E. P. 

1922—26 The Forests of India. 3 vols. 
London: John Lane. 

1937 The Threat of the Sahara. (Jour¬ 
nal of the Rotfal African Society, Ex¬ 
tra Supplement.) 35 pp. 

Steinen, Karl von den 

1886 Durch Central Brasilien: Expedi¬ 
tion zur Erforschung des Schingu in 
Jahre 1884. Leipzig: F. A. Brockhaus. 
372 pp. 

T[aylob], J. E. 

1942 “Termite Mounds Used for Ma¬ 
nure,” Farm and Forest, or Land Use 
and Rural Planning in West Africa, 
III, No. 1, 49. 

Terra, G. J. A. 

1953 “Some Sociological Aspects of 
Agriculture in Southeast Asia,” Indo- 
nesie, VI, No. 4, 297-316; No. 5, pp. 
439-63. 

Tideman, j. 

1922 Simeloengoen: Het Land dcr 
Timoer-Bataks in zijn vroegere Isola- 
tie en zifn Ontwikkeling tot een Deel 
van het Cultuurgehied van de Dost- 


kust van Sumatra. Leiden: l/ > ^ U 
Becherer. 306 pp. 

Tothill, j. D. (ed.) 

1940 Agriculture in Uganda. London; 
Oxford University Press. 551 pp. 

1948 Agriculture in the Sudan: Beinri 
a Handbook of Agriculture as Pr/ir 
Used in the Anglo-Egyptian Sudan. 
London: Oxford University Press. 
974 pp. 

Trapnell, C. G., and Clothier, J. N. 

1937 The Soils, Vegetation and Agri¬ 
cultural Systems of North Western 
Rhodesia. (Report of the Ecological 
Survey.) [Lusaka?] 81 pp. 

Troup, R. S. 

1926 “Problems of Forest Ecology 
in India,” pp. 283-313 (chap, xv) 
in Tansley, A. G., and Chipp, T. F., 
Aims and Methods in the Study of 
Vegetation. London: British Empire 
Vegetation Committee and the Crown 
Agents for the Colonies. 383 pp. 

Vanderyst, H. 

1924 “L'^volution dcs foi-mations bo- 
tanico-agronomique dans le Congo 
Occidental,” Revue des questions ScL 
cntifiques, pp. 65-83. (Not seen; dis¬ 
cussion based on the review by Kuhn- 
holtz-Lourdat [1939].) 

Waibkl, Leo 

1949 “A vegetagao e o uso da terra 
no planalto central,” Revlsta brasi- 
leira de geografia, X, No. 3, 335—80. 
Rio de Janeiro: Institulo Brasileiro de 
Geografia e Estatistica, Conselho Na¬ 
cional de Geografia. 

Warming, Eug. 

1892 Lagoa Santa: Et Bidrag til den 
biologiske Plantegeografi . . . Med 
en Fortcgnelse over JMgoa Santas 
Hvirveldyr, . . . (“Det Kongelige 
Danske Videnskapernes Selskab Skrif- 
ter,” Series VI, Vol. VI, No. 3.) Co¬ 
penhagen: Blanco Lunos Kgl. Hof- 
Bogtrykkeri (F. Dreyer). 488 pp. 

White, Stanhope 

1944a “Agriculture Economy of the 
Hill Pagans of Dikwa Emirate, Cam- 
eroons (British Mandate),” Farm and 
Forest, or Land Use and Rural Plan¬ 
ning in West Africa, V, No. 3, 130-34. 

1944?? “Climatic Change in West Afri- 



Mans Role in Changing the Face of the Earth 


720 

ca, and Its Relation to Erosion Proh- 
lems and Soil Deterioration,” Farm 
and Forest, or Land Use and Rural 
Planning in West Africa, V, No. 4, 
186-92. 

White, Stephen 

1948 “The Vegetation and Flora of 
the Region of the Rio de Bavispe in 
Northeastern Sonora, Mexico,” Lloy- 
dia, XI, No. 4, 229-312. 

Whitford, H. N. 

1906 “The Vegetation of the Lamao 
Forest Reserve,” Philippine Journal of 
Science, I, No. 4, 373—431. 


Williams, Thomas 

1858 Fiji and the Fifians, VoL I: The 
Islands and Their Inhabitants, ed. 
George Stringer Rowe. London: 
Alexander Heylin. 266 pp. (Volume 
II, by another author, is a histoiy of 
the Fijian missions.) 

Ypes, W. K. H. 

1932 Bifdrage iot de Kermis van de 
Stamverwantschap, de inheemische 
Rechtsgemeenschappen en het Gron- 
denrecht der Toha— en Dairibataks. 
The Hague: Martinus Nijhoff. 553 

pp. 



The Modification of Mid-latitude Grasslands 
and Forests by Man 

JOHN T. CURTIS* 


Man’s actions in modifying the biotic 
composition of mid-latitude grasslands 
and forests can best be studied by sepa¬ 
rating them into two groups of proc¬ 
esses. In the first group are the effects 
induced by pioneer cultures in areas 
peripheral to main population centers. 
These areas may be peripheral because 
the main population has not had time 
to spread out over the entire region, as 
was the case during the European set¬ 
tlement of North America, or they may 
be peripheral because the severity of 
the environment more or less perma¬ 
nently prohibits the development of in¬ 
tensive civilization, as in rugged moun¬ 
tains, deserts, or taiga. In either case 
the exploiting peoples have economic 
ties with the main population in the 
sense that the latter furnishes both the 
tools for exploitation and a market for 
the products. 

The second group of effects is com¬ 
posed of those that are produced by the 
intensive utilization of land for agricul¬ 
tural and urban purposes within the 
regions of high population. These typi¬ 
cally follow the pioneer effects in time 
and are influenced by the earlier 

• Dr. Curtis is Professor of Botany at the 
University of Wisconsin, Madison, and Re¬ 
search Director of the University Arboretum. 
He was a Guggenheim Fellow (1942 ) and was 
research director of the Soci4t6 Haitiana- 
Americaine de Development Agricole, Go- 
naives, Haiti (1942-45). He is the author of 
papers on plant ecology, especially on the con¬ 
tinuum concept of community relationships. 


changes. Most of the available evidence 
on the nature of the changes induced 
by man is concerned with impact of 
European man on his environment, but 
it is probable that both older civiliza¬ 
tions and aboriginal cultures exerted 
similar effects whenever their popula¬ 
tions were sufficiently high. 

MODIFICATIONS OF MID¬ 
LATITUDE FORESTS 

The mid-latitude forests are typified 
by the deciduous forest formation, al¬ 
though several kinds of conifer forests 
are also to be found within the strict 
geographical boundaries of the mid¬ 
latitudes. In the interests of simplicity, 
this discussion will be concerned al¬ 
most solely with the deciduous forest. 

Peripheral Effects 

Ordinarily, the first products of a 
peripheral wilderness to be exploited 
by an adjoining civilization are derived 
from the animal members of the com¬ 
munity, especially the fur-bearers. The 
French voyageurs, the Hudson’s Bay 
Company, and John Jacob Astor and 
his fur-trading competitors are familiar 
agents of such exploitation in America. 
Ecologically, the effects were not very 
great, since the rather minor popula¬ 
tion changes brought about in the ani¬ 
mal species concerned were not radi¬ 
cally different from those experienced 
in natural fluctuations. Of far greater 
significance was the utilization of the 
forest for its timber. The first stages in 
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this utilization were con'^erneii with 
the harvest of products o! lugi ' > 

such as shipmasts, spurs, and naval 
timbers in general, folhnwd by woods 
of importance in construction of houses 
and furniture. 'When the tree species 
suitable for these needs were common 
and especially when they grew in near¬ 
ly pure stands, as was the case with the 
white pine in eastern North America, 
the impact of the exploitation was 
great. This was true both of the mag¬ 
nitude of the clianges and of the rela¬ 
tive size of the area affected. White 
pine was a favorite goal of the early ] 
American lumberman and was ruthless- i 
ly harvested far from the scenes of its ( 
ultimate use. i 
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L-ii with tive harvest resembled mining in that 
h value, it was the utilization of a non-renew- 
d naval able resource or at least was treated as 

' woods such. _ j r .1 

houses As the economic demands of the 
species main population centers grew and espe~ 
immon cially as the population centers spread 
I near- out in area, the utilization of the pe- 
th the ripheral resources became more in- 
1 erica, tense. In non-industrial civilizations or 
was non-industrial stages in the develop- 
mag- ment of any culture, the forest is called 
rela- on to produce a considerable share of 
iVhite the fuel used by that culture. This 
early might be in the form of firewood or in 
bless- the form of charcoal. Even in those 
of its countries or stages where coal was used 
for fuel, the forest was a source of tim- 


Some forest types were composed her for mine props and for ties or sleep- 
mostly of trees of kisser value, such as ers on the railroads used for hauling 
the oaks and maples. These were com- the coal. All these uses were more or 
monly by-passed, or their more valu- less dependent upon a near-by source 
able members, used as cabinet woods, of supply. The biological significance 
were selectively logged. This emphasis of this lies in the fact that the harvest- 
on special products rather than on com- ers now became desirous of gathering 
plete utilization was mainly a feature more than one crop from the same land, 
of young expanding cultures whose The ecological behavior of the species 
demands were small relative to the size thus came to be of greater importance 
of the resource base in the peripheral than the physical structure of the wood, 
area. The phenomenon is present in Species were utilized regardless of be- 
current times, as exemplified by the havior, but only those which possessed 
utilization of only a few of the host of the ability to resprout or otherwise to 
tropical species for special veneers and reproduce themselves remained in the 
by the selective harvest of spruce in the forest. Firewood, charcoal, and mine 
conifer forests of Canada and the non- props all utilize small-dimension stock 
utilization of the equally abundant bal- by preference, and thus a premium was 
sam fir and other species. placed on those species which could 

All these exploitations were and are quickly return to a merchantable size, 
dependent upon certain definite phy.s- The technique of coppicing, so widely 
ical properties of the wood as it occurs used in Eurasia, is a direct result of this 
in the trunks of natural trees produced situation. 

under natural conditions. These proper- In many places in the world the more 
ties are commonly unrelated to the eco- intensive utilization of the trees in the 
logical belvavior of the species in the subperipheral areas was accompanied 
sense that no special growth habits or by the introduction of grazing animals 
reproductive capacities are concerned, to the forest community. The wood- 
The primitive e xploiter was not worried choppers, charcoal-makers, and lime- 
about whether or not a second or con- burners were more permanent inhabit- 
tinuing crop of the species would be ants of a region than the earlier lum- 
available. In many respects, the selec- bermen, and they commonly broadened 



723 


Modification of Mid-latitude Grasslands and Forests 


the base of their economy by the use 
of cattle, sheep, or goats. These animals 
were allowed to roam the woods on 
free range and to make use of such 
forage and browser as might be avail¬ 
able there. The livestock pressure was 
rarely as great as that which accom- 
])anicd the agricultural economies of 
subsequent times, but its effects cannot 
be overlooked (Steinbrenner, 1951). In 
addition to tlu^ growth behavior pat¬ 
terns selected by the harvesting tech¬ 
niques, the successful species were also 
those best able to withstand the effects 
of grazing. 

Thus we find in the areas peripheral 
to major population centers a gradual¬ 
ly increasing intensity of utilization, 
either in space or in time, from a negli¬ 
gible pressure' with little effect on the 
biotic composition of the forest to a 
severe pressure which selectively fa¬ 
vored species with particular behavior 
patterns and eliminated other species 
which did not conform. 

Let us now inquire into the actual 
nature of the changes that accompanied 
this increase in utilization. The earlier 
stages in the process are best studied 
by examples from the United States, 
since these stages occurred so long ago 
in Asia and Europe as to have left al¬ 
most no record. In the United States 
the fur-trapping stage was roughly a 
seventeenth- and eighteenth-century 
phenomenon, while the lumber-harvest 
stage was most prominent in the nine¬ 
teenth century. 

The later, more intensive stages be¬ 
gan in the latter half of the 1800's in 
the eastern portion of the United States. 
In much of Europe the intensive utili¬ 
zation began in the 1200’s and con¬ 
tinues in marginal areas up to the pres¬ 
ent. Thus, in England, extensive forests 
were utilized chiefly for hunting pur¬ 
poses through the period of Norman 
domination. Later timber-harvesting re¬ 
sulted in such a severe depletion of 
suitable trees that large-scale imports 


from the Baltic region were requiu d \vn' 
1300. Widespread utilization of the for¬ 
ests for pasturage of swine and cattle, 
combined with intensive cutting of fucl- 
wood, made further inroads on the p( 
riphcral areas. By 1544 a series of laws 
was passed regulating the procedures 
by which a coppiced woods should be* 
managed (Tansley, 1939). In the Bal¬ 
kans utilization of the forests for con¬ 
struction timber and marine products 
was active in the 1200’s, with many 
areas depleted by 1620. Intensive uti¬ 
lization for firewood, charcoal, and 
lime-burning still continues in the more 
mountainous regions (Turrill, 1929). In 
China peripheral exploitation is much 
older and has long since been com¬ 
pleted in all but the most rugged and 
inaccessible terrain. Clearing of forests 
for agricultural purposes was wide¬ 
spread during the Shang dynasty be¬ 
ginning in 1600 B.c. (Needham, 1954). 

The most obvious biotic change in 
the forest is the great shift in species 
composition, both qualitative and quan¬ 
titative. This is best seen today in the 
northern states of the United States, 
where the original forest was a mosaic 
of patches of hardwoods with a few 
conifers and patches of conifers with a 
few hardwoods (Brown and Curtis, 
1952). Those portions of the northern 
forests originally covered with hard¬ 
woods underwent a relatively slight al¬ 
teration. They were composed of a mix¬ 
ture of species, none of which was ever 
in great economic demand. Large areas, 
therefore, were rarely cut over in any¬ 
thing like the intensity so common in 
the neighboring pine forests. In addi¬ 
tion, fires were much less frequent and 
usually not so severe as those in the 
coniferous area. Many of the compo¬ 
nent species had the ability to resprout 
after cutting, like the maple and the 
beech, and most of them had very effi¬ 
cient means of reproduction, so that a 
stand was able to regenerate itself fol¬ 
lowing partial destruction. Here and 
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,.-iffainst White pine is adapted to seeding-in fol- 

there, selective pressiiie '... ■ Unarj lowing a fire but has no mechanism for 

one o, more .spos- : XRegion .^oLg from a burned etump. The 
feet of hemlock weu i g ^ produced a 

solely for the bark, \yah.' wa ^ but a see¬ 
the tanning Jmiustry^ a- ffre^before the trees had matured 

haTbeeVpeetd (GoocUett, 1954). In destroyed the entire population. The 
more recent times, vellow birch has land became covered with weedy tree 
been intensivelv exploited because of species like the aspens, birches, and 

its value as a veneer wood, and a few oaks and with shrubs like the hazelnut, 

e experienced similar all of which could resprout following 

s. The major change fire and thus remain in control of the 

this has been an in- ground. Excessive burning sometimes 

lative importance of produced the so-called “barrens’*—deso- 

?r saccharum) in the late tracts almost devoid of large woody 

This species is e?co- plants, such as occupy extensive por- 

vigorous of all. The tions of Michigan and Wisconsin, 

te rank of the other Accompanying the changes in spe- 
'd by the added pres- cies composition have been changes in 
las r(;sulted in their the micro-environment within the for- 


other species have experienced similar 
selective pressures. The major change 
resulting from all this has been an in¬ 
crease in the relative importance of 
sugar maple (Acer saccharum) in the 
remaining stands. This species is e?co- 
logically the most vigorous of all. The 
normal subordinate rank of the other 
species, accentuated by the added pres¬ 
sure from man, has r(;sulted in their 


gradual disappearance in favor of the est. Selective logging or other mild har- 
maple. vesting practices result in an opening- 

In contrast to this shift in relative up of the canopy of the forest, a break- 
importance of one member of the hard- ing of the former more or less complete 
wood forest at the expense of others, cover. The openings thus created pos- 
the pine forests suffered a much more sess a very different microclimate from 
severe alteration. The march of the the remaining portions of the forest, 
lumbermen from Maine in the late The most significant change is an in- 
1700 s, to New York in 1850, to Michi- crease in the rate of evaporation, and 
gan in 1870, to Wisconsin in 1880, and this increase is proportional to the in- 
finally to Minnesota in 1890 was pri- tensity of the harvest, reaching maxi- 
marily a quest for white pine (Pinus mum values in clear-cut and particu- 
strohus). lliis species, like the major- larly in cut and burned woods, 
ity of pines, is a “fire tree” and was With the exception of those lightly 
found in essentially pure stands in large harvested forests containing sugar ma- 
bJocks on lands subject to widespread pie in which the net result is an in- 
bunis. Profitable harvesting enterprises crease in maple, practically all the en- 
could be centered in regions where such vironmental changes induced by the 
blocks were common and where ade- peripheral harvesting sequence are in 
quatc facilities for transportation by the direction of a more xeric habitat, 
river driving were available. In such with greater light, more variable tern- 
regions tlie initial harvest obviously peratures, more variable moisture, and 
rnade gre at changes in forest composi- much greater transpirational stress. The 
tion by the removal of 90 per cent or internal, stabilizing mechanisms of the 
more of the dominant trees. Of even community that lead toward home- 
greater importance were the frequent ostasis are upset or destroyed. The new 
fires which broke out in the slash fol- environment tends to resemble that nor- 
lowing the lumbering operations. These mally found in adjacent, hotter and 
fires were allowed to bum unchecked drier regions (the “preclimax condi- 
and were often actually encouraged tions” of Clements, 1936). Such condi- 
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tioiis are most suitable for the ecologi¬ 
cally pioneer plants of the region, 
which are those species that grow vig¬ 
orously under the unstable climatic con¬ 
ditions and that possess adaptations to 
make use of the high light intensities. 
Ordinarily, such species possess highly 
effective means of reproduction and 
dispersal and, in addition, are likely to 
survive under severe disturbance, as by 
cutting or fire, through the ability to 
sprout from stumps or roots. The ini¬ 
tial invaders of the disturbed areas, 
therefore, tend to be? the piont^ir spe¬ 
cies. Subsecpient harvesting, as by cop¬ 
picing, favors the persistence of these 
species and the gradual elimination of 
those with more climax tendencies. 
Thus, the original mixed forests come 
to be replac(?d by large areas of scrub 
oaks, aspen, box elder, sassafras, and 
similar species. The final sek^ction under 
grazing pressure may eliminate or de¬ 
press some of these, since there are 
very few species in the biota with the 
necessary combination of attributes to 
resist all the decimating influences. A 
fertile field for future investigation 
would be the study of the characteris¬ 
tics of various plants which enable them 
to survive under the conditions just out¬ 
lined. 

Agro-urhan Effects 

As the main centers of populations 
expanded intc^ the peripheral areas, a 
considerable change in the land-use 
pattern followed. In the mid-latitudes, 
with their generally favorable climate 
during the growing season, agriculture 
became the dominant feature. The for¬ 
ests, already modified by peripheral 
utilization, were cleared to make room 
for fields with an initial selection of the 
best sites, followed by gradual en¬ 
croachment onto less favorable land 
types. The actual nature of the best 
sites naturally varied from place to 
place, but the ideal appeared to be a 
large area of level or gently rolling 


land, with well-drained soils ol jL 
fertility. Frequently, the land wa^ via) 
sen on the basis of indicator species, 
black walnut being a favorite of the 
American settler, as it grew in rich for¬ 
est stands well supplied with moistm*' 
and available nutrients. On these pre f- 
erential sites the trees were killed by 
girdling or cutting, the logs and tops 
burned, the stumps pulled, blasted, or 
otherwise removed, and the ground 
plowed. Any member of the original 
community which persisted under the 
treatment was subseqviently eradicated 
by the clean cultivation practices em¬ 
ployed on the fields. The impact of man 
on these agricultural fields was thus one 
of total destruction with respect to the 
original community. 

Marginal lands which were remote, 
difficult of access, or topographically 
unsuited for crop agriculture were com¬ 
monly employed for intensive grazing. 
A continuing pressure was also exerted 
on them for lumber and firewood har¬ 
vest. The distinction between periph¬ 
eral and central activities is least clear 
at this stage, which is usually rather 
short in duration. With long-term occu¬ 
pancy of the land by an agro-urban cul¬ 
ture, the remnants of the original for¬ 
est come to be restricted to sites which 
are totally unusable for agriculture, 
such as cliflEs, rocky ground, barren 
sands, ravines, or swamps. These hab¬ 
itats all differ markedly from the bulk 
of the land in their physical environ¬ 
ment and hence also in their commu¬ 
nity composition. For various reasons, 
successional development is retarded in 
these extreme sites, and they retain a 
very high proportion of ecologically 
pioneer species. Consequently, they are 
less subject to drastic change by man s 
disturbance, since this disturbance usu¬ 
ally leads to an increase in pioneers 
which are here the natural dominants. 

The rate and the extent of the d('- 
struction of original cover by agricul¬ 
tural clearing are well demonstrated by 
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a case history covering tht^ first cen¬ 
tury of use of a township of Jand in 
Careen C'ountv, Wisconsin, along the 
Wisconsin-Illinois border The vegeta¬ 
tion in 1831 Indore agricultural settle¬ 
ment began, as derived from records 
oi the original Government Land Sur¬ 
vey, was mostly upland deciduous for¬ 
est, dominated !)y basswood, slippery 
elm, and sugar maple except for an 
area of f)ak-hickory forest in the north¬ 
west. A small portion of prairie with 


surrounding oak savanrja was pre,sent 
in the southwest corner. The extent of 
forest cover in 1882 and 1902 was 
mapped by Shrinev and Copeland 
(1904), while that in 1935 was re¬ 
corded by the Wisconsin Land Eco¬ 
nomic Survey. The present condition 
was determined from aerial photos 
taken in 1950 and from personal inspec¬ 
tion. The changes are shown in Figure 
147 and in Table 26. While the very 
first clearings may have been confined 



4-i^W’ k]' Township, Green County, Wisconsin (89-54' W., 

drained bv the settlement. The township is six miles on a side and is 

tt fomstYn “'"S ” averting 
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to the best lands, by 1882 the most evi- by 36 per cent in 1935. This w a , 
dent factor influencing the pattern of largely to the drying-up of sprir^^s in 
land clearing was the unfortunate sys- their original headwaters, thus reflect 
tern of land sur\'ey which resulted in ing a decrease in subsoil water storage* 
square landholdings independent of ter- from the reduced infiltration on agri 
rain. Not until the forest had been re- cultural fields and pastured wood lots 
duced to less than 10 per cent of its A number of important changes oc 
original extent did the remaining wood cur in forested regions under the im- 
lots begin to reflect the topography, pact of agriculture aside from the ob- 
Currently, the majority of the remnant vious destruction of most of the forest, 
forests still have one or more straight Undc^r aboriginal use or peripheral ex- 
boundaries, although most of them are ploitation, fire was a common occur 
confined to rocky outcrops and thin- rence, with large areas involved at each 
soil hilltops. The statistics for the town- burn, since both the means and the de¬ 
ship show a rc'duction in forest cover to sire to stop the fires were absent. Fol- 


TABLK 26 

(’iiAN(;i: IN \V()(»i>Ki> Auka, C'adiz Township, (Jukkn ('oiin i v, 
Wisconsin (89^54' W., 48“30' N.), from 1831 to 1950 
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29.6 per cent of the original by 1882, to lowing the dissection of tlie landscape 

9.6 per cent by 1902, to 4.8 per cent by and the interpolation of farm land be- 

1936, and to 3.6 per cient by 1954. The tween remnant forest stands, fires wc?re 
c'xisting forests are used by their owners more or less automatically stopped by 
as sources of firewood and occasional the bare fields or were consciously sup- 
saw timber. In addition, 77 per cent of pressed by the farmers. In consequence, 
the present wooded area is heavily the forests that escaped clearing re- 
grazed by cattle to the point where no ceived a degree of protection far great- 
regeneration of the trees is taking place, er than they had normally experienced. 
Thus only 0.8 per cent of the land un- In addition, the high cost of fencing 
der forest cover in 1831 is still in what wood lots in many instances prevented 
might be called a serninatural state, and their use for grazing animals. As a re- 
this tiny portion is broken up into even suit of these two influences, the forest, 
more minute fragments, widely scat- although gradually reduced in size and 
tered throughout the area. contiguity, actually improved in struc- 

Concomitant with the reduction in ture, with an increased density of trees 
forest cover in a presumed cause-and- per acre and an increase in cover and 
effect relation was a decrease in total hence in humidity. On many marginal 
length of the streams draining the area, sites which had been reduced to brush 
The permanently flowing streams had by recurrent presettlement fires, mature 
decreased by 26 per cent in 1902 and forests subsequently developed. Since 
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through the fires wt k • 
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lich were h to persist 
res w( r( ? e extremely 
ers, tlie fh > forests that 
e (]on*hi / J cl hy these 
In mr.di of the cen- 
where the recovery 


developed were don jo.?? d n 
pioneer species. In iimeh of the cen- 
tra] United Shites. the recovery 

of marginal and remnant sites has been 
under way for about a century, the nat- 
ural processes of succession arc just be- 
grnning to convert the forests to a more 
climax condition (Cottam, J949). 

The conversion frequently is has¬ 
tened in regions where mixed forests 
are present by the selective utilization 
of the mature pioneer members of the 


Changing the Face of the Earth 

^ persist a result of regular plowing. The physi- 
^tremely cal conditions of the intervening “grass 
-sts that lands” are such as to prevent the suc- 
v these cessful growth of practically all mem- 
*he cen- bers of the forest biota. A few of the 
ecovery plant members persist along fence rows 
as been and other places of relatively infre- 
he nat- quent disturbance, and a very few are 
ust be- sufiGciently weedlike actually to com- 
1 more pete in the farmer's fields, especially in 
the permanent pastures (bracken fern, 

; has- hazelnut, etc.). 

wests Among the animal membeus of the 
zation community is a group that normally 
yf the made use of the original forest edges. 


community for farm timber and fire¬ 
wood. Species of oaks are most com¬ 
monly involved in the process in the 
United States and in Europe, although 
other pioneer species of high economic 
value are sometimes important. Since 
these trees are removed only a few at 
a time as the farmer needs them, envi¬ 
ronmental conditions are not greatly al¬ 
tered. The major result is a liberation 
of the understory layer of climax spe¬ 
cies like maple, beech, and basswood 
and the consequent repression of re¬ 
generation of the original pioneer trees. 

The early period in the agro-urban 
utilization of forest land, therefore, pre¬ 
sents the anomaly of severe reduction 
in total amount of forest but consider¬ 
able improvement in the stands that 
did survive. These remnants commonly 
suffered severe damage from grazing at 
a later date. 

Another change accompanying agri¬ 
cultural occupation of forested land is 
in what might be called the physiog¬ 
nomic result. Instead of an essentially 
continuous forest cover, with infrequent 
meadow-like openings along water¬ 
courses or small grasslands where fires 
had been unusually severe, the land¬ 
scape now presents the aspect of a sa¬ 
vanna, with isolated trees, small clumps 
or clusters of trees, or small groves scat¬ 
tered in a matrix of artificial grassland 
of grains and pasture grasses, unstable 
and frequently devoid of plant cover as 


Some birds, for example, nested within 
the forest but sought their food in the 
open places and in the tangle of vines 
and .shrubs that commonly bordered the 
openings. Such animals were greatly 
benefited by the increased “edge” pro¬ 
vided by the fragmented wood lots, and 
their relative populations increased ac¬ 
cordingly. As shown in Table 26, the 
average length of the periphery pe?r 
acre of forest increased from 82 feet in 
1882 to 280 feet by 1950. 

The artificial savanna condition pro¬ 
vided a suitable habitat for a number 
of species which originally occurred in 
grasslands and natural savannas on the 
dry margin adjacent to the mid-lati¬ 
tude forests. A number of birds, like 
the prairie horned lark (Forbush, 1927, 
pp. 336-70) and the western meadow 
lark, extended their range well into the 
original forest country of the eastern 
United States. Aggressive prairie plants, 
like ragweed, black-eyed Susan, and 
big bluestem similarly advanced far be¬ 
yond their original areas of prominence 
and became conspicuous features of the 
vegetation along roadsides and in agri¬ 
cultural fields. Similar migrations of 
steppe plants westward into the forests 
of Central Europe are known (Olt- 
manns, 1927, pp. 104-56). These mi¬ 
grations resulted in a partial blending 
of the components of two or more major 
biotic communities and served to les¬ 
sen their inherent differences. 
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Within the remnant forest stands, a 
number of changes of possible impor¬ 
tance may take place. The small size 
and increased isolation of the stands 
tend to prevent the easy exchange of 
members from one stand to another. 
Various accidental happcmings in any 
given stand over a period of years may 
eliminate one or more species from the 
community. Such a local catastrophe 
under natural conditions would be 
quickly healed by migration of new in¬ 
dividuals from adjacent unaffected 
areas (the “gap phase” concept of Watt, 
1947). In the isolated stands, however, 
opportunities for inward migration are 
small or nonexistent. As a result, the 
stands gradually lose some of their spe¬ 
cies, and those remaining achieve un¬ 
usual positions of relative abundance. 

The lack of interchange of plant in¬ 
dividuals also applies to plant pollen. 
Those members of the community 
which arc regularly or usually cross- 
pollinatcd no longer have the oppor¬ 
tunity of crossing with a wide range of 
individuals. It is probable, therefore, 
that opportunities for evolution of de¬ 
viant types by random gene fixation will 
be increased in the future, as the iso¬ 
lating mechanisms have longer times in 
which to operate. In heavily utilized 
stands selection pressures engendered 
by the frequent disturbance, together 
with the shift toward pioneer condi¬ 
tions resulting directly from the small 
size of the stands, would tend to favor 
those ecotypes which have pioneer 
tendencies and to reject the more con¬ 
servative climax strains. The study of 
this micro-evolution should be one of 
the most fertile fields for future inves¬ 
tigations. 

EFFECTS ON MID-LATITUDE GRASS¬ 
LANDS AND SAVANNAS 

Peripheral Effects 

The plant members of the mid-lati¬ 
tude grasslands for the most part are of 
no direct use to man. Their main value 


comes after they have been con\r:tecl 
to high-protein foods in the form of 
animals. The earliest utilization of grass¬ 
lands, therefore, was by hunting cul¬ 
tures or by peripheral exploitation for 
the benefit of a remote agro-urban ci\ 
ilization. The slaughter of the bison (^i- 
the prairies of mid-continental Nortl^ 
America is a familiar example of this 
process (Garretson, 1938). In the ab¬ 
sence of adequate information as to the 
influence of the l)ison on the structure 
ol the remainder of the grassland com¬ 
munity, little of value can be said about 
the effects of their removal. In any case, 
such effects would have been tempo¬ 
rary, for intensive agricultural use of 
much of the eastern area followed 
quickly afterward, while domesticated 
cattle were introduced in the drier 
ranges to the west and began to exert 
an effect of their own. 

The nature of the changes induced by 
cattle were probably different from 
those formerly resulting from the bi¬ 
son. The cattle were kept on limited 
ranges, so that the vegetation was sub¬ 
ject to pressure over a long season, year 
after % ear. The bison, on the other 
hand, may have exerted an even greater 
pressure for brief periods, but a recov¬ 
ery period of several years commonly 
intervened before the wandering herd 
revisited any particular area. The long¬ 
term effects of the two types of grazing 
animals thus were very different. 

Cattle begin to utilize the prairie 
grasses as soon as growth starts in the 
.spring. Utilization of regrowth occurs 
during the summer and is particularly 
damaging when the reproductive stems 
begin to elongate in the later months. 
The continual reduction in photosyn¬ 
thetic area due to leaf removal results 
in a decreased storage of reserves in the 
underground organs. At the same time, 
the normal control of dormant buds by 
growth hormones is upset by the re¬ 
moval of stem tips, with a resultant 
stimulation of new growth which fur¬ 
ther depletes the stored reserves. The 
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bluestems (Andropogou p )’ 
grass (Sorghastrum nutana ). and switch 
grass (Panicum virgalnm ) are typical 
species which respond in this an^ 
the gradual weakening leads to their 
eventual elimination and replacement 
hy others. The replacing forms, under 
normal circumstances, are grasses which 
are recumbent, with their stems on or 
near the ground surface and with a 
large proportion of their leaves in a 
similarly protected position. They ac¬ 
cordingly escape destruction by cattle, 
which do not graze closely. The grama 
grasses ( Bouteloua sp.) and buffalo 
grass (Buchloe dactyloides) are good 
examples. In the absence of competi¬ 
tion from the former dominants, these 


overgrazing results in the almost corn 
plete eradication of the original prairie 
flora and its replacement by an unstable 
community of annuals and thorny per- 
ennials. 

The entire degradation process in¬ 
volves a shift from climax to pioneer 
plants and from mesic to xeric condi¬ 
tions. The upgrading effects of the orig¬ 
inal Bora with respect to organic-matter 
accumulation in the soil, to nutrient 
pumping, and to water-entrance rates 
and other constructive activities are 
greatly lessened or reversed. Tlie soil 
becomes compacted, less easily pene¬ 
trated by rain, and much more subjecl 
to erosion, especially by wind. 

Accompanying these direct effects of 


forms rapidly increase their popula¬ 
tions. In range parlance, they are said 
to be “increasers” as opposed to the spe¬ 
cies which decline under grazing, which 
are called ‘"decreasers” (Dyksterhuis, 
1949). Both types were present in the 
prairie before grazing began, but the 
decreasers, because of their erect habit 


cattle on the plant community are a 
number of important secondary effects 
deriving from the disruption of the ani¬ 
mal community. Misguided efforts at 
predator removal in the form of wolf 
and coyote bounties and other more di¬ 
rect means allow the rodent popula¬ 
tions to get out of balance. Mice, pocket 


and greater size, were dominant over 
the increasers. 

When the carrying capacity of the 
grasslands is greatly exceeded, either 
by too many cattle per unit area or by 
a reduction in productivity of the 
grasses due to drought, then the in- 
ereasers themselves begin to suffer. 
Their decline results in a breaking of 
the continuous plant cover. The bare 
soil thus exposed becomes available for 
invasion by weedy annuals, which were 
formerly excluded from the closed com¬ 
munity. In the American grasslands 
these newcomers, termed “invaders," 
are frequently exotics which originated 
in similar situations in the grasslands of 
the Old World, like cheat grass, Russian 
thistle, and halogeton. Native invaders 
are typically plants indigenous to the 
drier shrub deserts toward the west and 
are frequently unpalatable as a result 
of spines and thorns, like prickly poppy 
and prickly-pear cactus. Continued 


gophers, prairie dogs, and jack rabbits 
frequently reach epizootic level.s and 
further add to the already excessive 
pressures on the plants. Control by ex¬ 
tensive campaigns of rodent poisoning 
is usually temporary in effect and often 
serves to accentuate the unbalanced 
condition and to make return to stabil¬ 
ity more diflBcult. 

In the more humid eastern portion of 
the grasslands in North America, the 
better sites were soon used for crop ag¬ 
riculture rather than for grazing, but 
marginal lands on thin soils, steep hills, 
or rocky areas frequently remained in 
use as pastures. In this region the de¬ 
creasers behaved in the same manner 
as those farther west, and a few of the 
same increasers were also present. The 
major difference, and a very important 
one for the economy of large sections 
of the country, was the fact that the 
most important increaser was in reality 
an invader—Kentucky bluegrass (Poa 
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pratensis). This species has a growth 
habit similar to the grama grasses and 
the bufiFalo grass of the western plains 
but thrives under a humid climate. It 
differs from the usual invaders in that 
it does not require bare soil or a broken 
cover to become established and is nei¬ 
ther an annual nor an unpalatable per¬ 
ennial. The time and conditions of its 
origin in Eurasia are unknown. In all 
probability it developed under the in¬ 
fluence of man and his pastoral habits, 
since it is found in the Old World in 
those regions where grazing has been 
practiced for long periods. In America 
it demonstrates a vigor scarcely ex¬ 
ceeded by any other plant of similar 
size and has come to dominate most of 
the unimproved pasturages in the east¬ 
ern half of the continent. This domina¬ 
tion is virtually total in many areas, so 
that the original grassland species are 
completely lacking. The forbs and the 
few other grasses that do accompany 
bluegrass (dandelion, white clover, ox- 
eye daisy, quack grass, timothy, etc.) 
are themselves exotic and serve to rep¬ 
licate on this continent a man-made 
community that is very widespread in 
Europe. In fact, this great expansion of 
the world range of a particular com¬ 
munity under the unintentional influ¬ 
ence of man is one of the most powerful 
examples of man’s role as the major bi¬ 
otic influence in the world today. In¬ 
vestigation of the origin of the compo¬ 
nent species and intensive studies of 
the dynamics of the assemblage in its 
new environment should be highly re¬ 
warding. ( See the chapter by Clark be¬ 
low, pp. 737-62.) 

Agro-urban Effects on Grasslands 

The extensive utilization of the major 
mid-latitude grasslands for crop agri¬ 
culture was restricted to those portions 
adjacent to the deciduous forest where 
the rainfall, although irregular, was 
usually sufficient for grain crops. The 
most favored places were those grass¬ 


lands which had been extended into the 
forest during the postglacial xerother* 
mic period (Sears, 1942) and which 
had subsequently been maintained by 
fire when the climate again favored for¬ 
est. The Corn Belt in the prairie penin¬ 
sula of the United States and the Eu¬ 
ropean breadbasket in the steppes of 
the Ukraine and in the puzta of Hun¬ 
gary are outstanding examples. In the 
climatically suitable areas utilization of 
the grassland for crops instead of for 
pasture was dependent upon the de¬ 
velopment of the steel plow for subju¬ 
gation of the tough prairie sod. The in¬ 
vention and widespread manufacture 
of such an instrument occurred in the 
second quarter of the nineteenth cen¬ 
tury. Hence we find that the American 
prairies and the European steppes were 
both converted to cropland at about 
the same time (Conard, 1951), although 
the inhabitants of the former were 
scarcely past the stage of a hunting 
economy, while the latter had been 
used for grazing for centuries or millen¬ 
niums. 

The conversion from grassland to 
cropland was far more complete than 
the equivalent conversion from forest. 
In large part this was a result of the 
fact that the grasslands were flat or 
gently rolling and presented far fewer 
topographical obstacles to the plow 
than did the forest. The destruction of 
the entire prairie community by clean 
cultivation over extensive tracts of land 
means that remnants of the original 
vegetation are very rare. The major 
agency preventing complete eradica¬ 
tion in much of the American prairie is 
the railroad system which was extended 
throughout the area contemporaneous¬ 
ly with the advance of the settler 
(Shimek, 1925). The railroad right of 
way in many instances was laid on 
grade and was protected by fences. The 
tracks themselves were placed in the 
middle of the right of way, thus leaving 
a strip of virgin grassland on either 
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side. The only maintenance operations 
which affected the vegetation was an 
occasional burning. Since this merely 
continued the normal practices of abo¬ 
riginal times, these linear strips of 
prairie have been maintained in more 
or less primeval condition except for 
the random destruction of certain spe¬ 
cies and their failure to re-enter (Cur¬ 
tis and Greene, 1949). 

Contrary to the case of the forest 
remnants, these railside prairies are not 
necessarily on pioneer or otherwise de¬ 
viant sites but rather sample the full 
range of environment originally pres¬ 
ent, This is indeed fortunate, since over 
millions of acres of middle western 
prairie the only prairie plants to be 
found are on these railroad prairies. 
The much-needed research on prairie 
ecology has been and will continue to 
be conducted there. 

The savannas between the grasslands 
and the surrounding forests are physi- 
ognomically intermediate between the 
two major formations. In the mid-lati¬ 
tudes they are largely the result of re¬ 
peated advances and retreats of the 
prairie-forest border. Along the prairie 
peninsula of the United States, the 
characteristic savanna was the oak 
opening, a community of widely spaced 
orchard-like oak trees with an under- 
story of prairie plants and a few forest 
shrubs. All available evidence indicates 
that these savannas were created by an 
advance of the prairie into the forest 
under the driving force of fire. Their 
maintenance was similarly effected by 
recurrent fires set by the Indians. They 
were but little used during the periph¬ 
eral period except by the early hunters. 

A very brief period of open-range graz- 
ing was quickly followed by agricul¬ 
tural settlement. The potential yields 
of timber were so low and the quality 
of the gnarled oaks so poor that no ex¬ 
tensive lumbering was ever practiced. 

Within a decade or two of settlement, 
the remnant oak openings that escaped 


the ax and plow suddenly began to de¬ 
velop into dense, closed-canopy forests. 
In large part, this rapid increase in 
number of trees was due to the libera¬ 
tion of previously suppressed “grubs” 
or oak brush which had been repeat¬ 
edly killed to the ground by fire and 
which had persisted through produc¬ 
tion of adventitious buds from under¬ 
ground rootstocks (Cottam, 1949). One 
of the major tribulations of the early 
settler on the savannas was the labori¬ 
ous hand removal of these underground 
growths which effectively stopped the 
best plow and the strongest oxen. 

Agricultural occupation of the oak 
openings thus resulted in two very dif¬ 
ferent effects. On the one hand, the ma¬ 
jority of the land was cleared and cul¬ 
tivated, thus destroying the entire com¬ 
munity. On the other, the remnant por¬ 
tions rapidly changed over from sa¬ 
vanna to forest under the influence of 
fire protection. Those few areas which 
continued to be kept open by fire or 
other means were ordinarily thus treated 
so that th(iy might be used as pasture, 
with consequent destruction of the un- 
derstory vegetation. As a result, an oak 
savanna, with its full complement of 
original vegetation, is one of the rarest 
vegetation types in the United States 
today. 

A similar release of woody vegeta¬ 
tion by excessive fire protection has 
produced the mesquite stands now so 
common on the savannas of the south¬ 
western range land (Humphrey, 1953). 

GENERAL CONSEQUENCES OF MAN*S 
UTILIZATION 

Changes in Environment 

The changes induced in native vege¬ 
tation by man, either through periph¬ 
eral, pioneer, or primitive utilization or 
through more intensive agro-urban oc¬ 
cupation, range from simple modifica¬ 
tion through severe degradation to 
complete destruction and replacement. 
All these changes in plant cover are 
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accompanied by changes in the environ¬ 
ment within and adjacent to the af- 
h'cted vegetation. 

Whether or not widespread deforest¬ 
ation can influence the amount or dis¬ 
tribution of rainfall has been debated 
for decades. No satisfactory proof that 
such influence exists has appeared so 
far, but the question remains unre¬ 
solved. The most convincing argu¬ 
ments concerning the influence of veg¬ 
etation removal on over-all regional cli¬ 
mate are those connected with the 
energy balance as it is influenced by 
the albedo or reflecting power of the 
earth’s surface. The value of this factor 
is very similar for any green vegetation, 
whether it be forest, prairie, or corn 
crop. In deciduous forests it may drop 
during the winter, especially in regions 
without a permanent snow cover. In 
grasslands, on the other hand, it actu¬ 
ally increases during the winter, owing 
to the light color of the dead and mat¬ 
ted grasses. When the grasslands are 
plowed, particularly where the land is 
fallowed or fall-plowed, the dark 
prairie soils cut down reflection tre¬ 
mendously. The absorption of solar 
energy is thereby increased, with a pos¬ 
sible appreciable change in the total 
energy increment and hence in the lo¬ 
cal temperature. This could be of major 
significance in the spring months in the 
northern grasslands. 

The soil factor of the environment 
has also been altered by man’s activi¬ 
ties. Trampling and other disturbances 
incident to the harvesting operation, 
combined with activities of livestock, 
tend to compact the soil, destroying its 
loose structure and impeding the free 
entrance of water from rainstorms. The 
amount of surface runoflF is thereby in¬ 
creased. The partial or total absence of 
tall trees reduces the amount of subsoil 
water which would normally be lost by 
transpiration. The excess finds its way 
to the stream system of the region by 
way of springs. The initial result of 
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forest-cutting is an increase in the total 
volume of streamflow, but the complete 
destruction of the forest, as by fire, 
greatly increases the flash-flood poten¬ 
tial of the watershed and decreases its 
usable water-producing abilities. 

One of the major consequences of tlie 
agricultural utilization of mid-latitude 
forests and prairies has been the very 
great decrease in soil stability. The re¬ 
sultant soil erosion, both by water and 
by wind, reached terrifying proportions 
in many sections of the United States 
before concerted efforts were made to 
bring it under control. For the most 
part, this erosion is unrelated to the 
previous vegetation and is largely due 
to the misguided attempt to apply an 
agricultural system developed under 
one set of environmental and economic 
conditions to a totally different situa¬ 
tion. The current severe “nutrient ero¬ 
sion” now accelerating in the Corn 
Belt under the influence of hybrid 
grains is another example of a faulty 
socioeconomic farm philosophy and is 
unrelated to the original prairie vege¬ 
tation except in so far as the inherited 
soil richness, which hides the folly of 
the system, is a result of millenniums of 
prairie activity. 

General Changes in Community 

Composition 

In those cases where man’s utiliza¬ 
tion has not completely destroyed the 
original biotic community, whether un¬ 
der peripheral conditions or in rem¬ 
nants within agricultural areas, it is 
possible to detect a recurrent pattern in 
the compositional changes that have 
occurred. In both forest and grassland 
the more conservative elements of the 
vegetation (the “upper middle class” 
and the “aristocrats* of Fernald, 1938) 
have tended to disappear. These are 
the plants that are most demanding 
in their requirements, with low toler¬ 
ance of fluctuations in moisture, with 
high nutrient requirements, and with 
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low ability to withstand frequent dis¬ 
turbance. They commonly have only 
limited powers of vegetative reproduc¬ 
tion and usually have specialized re¬ 
quirements for germination. They make 
up the most advanced communities of 
a given region from the standpoints of 
degree of integration, stability, com¬ 
plexity, and eflRciency of energy utili¬ 
zation (Sears, 1949). They are "climax** 
plants in the basic sense of the word. 

Under the impact of man these 
climax plants tend to decline in num¬ 
bers and importance. Their retrogres¬ 
sion leads to decreased stability and to 
disorganization of the community pat¬ 
tern. The environmental changes ac¬ 
companying the decline are in the 
direction of more xeric, lighter, and 
more variable conditions. These en¬ 
courage the expansion of less conserva¬ 
tive plants with such pioneer tenden¬ 
cies as the ability to withstand greater 
fluctuations in temperature and avail¬ 
able moisture, the capacity for resisting 
disturbance through production of pro¬ 
liferating shoots or adventitious buds, 
and the possession of efficient means of 
rapid population increase. Particular 
harvesting techniques of man, either 
directly through logging and coppicing 
or indirectly through the medium of 
grazing animals, tend to exert a selec¬ 
tive influence on the pioneer plants 
which do succeed. A premium is placed 
on those species which can resist the 
particular pressure and still maintain 
their populations. All others tend to de¬ 
cline or disappear. 

This reduction in species comple- . 
ment increases in proportion to the in¬ 
tensity and duration of the utilization. 
In the final stages the communities 
completely dominated by man are com¬ 
posed of a small number of extremely 
vigorous, highly specialized weeds of 
cosmopolitan distribution, whose origin 
and distribution are in themselves man- 
induced phenomena. The subfinal 


stages are a mixture of these weeds and 
the most aggressive elements of the na¬ 
tive flora. The relative proportion of 
indigenous and exotic elements varies 
with the climate, those regions most 
like the ancient centers of agricultural 
development (semidesert or Mediter¬ 
ranean climates) having a vegetation 
which is more completely exotic than 
that of the cool humid regions. 

The highest vegetational product of 
evolution is the tropical rain forest. In 
the mid-latitudes the climax deciduous 
forest as found in the southern Appa¬ 
lachians and in the mountains of China 
is the ultimate in complexity, stability, 
and integration. Large numbers of spe¬ 
cies grow in intimate interrelationship, 
with maximum capture and reutiliza¬ 
tion of incident energy consistent with 
the seasonal nature of the climate. 
Many niches exist, and each has its 
adapted species with the necessary 
modifications in nutritional, growth, or 
photosynthctic habit to enable it to 
make the most of its specialized oppor¬ 
tunities. Not only is energy capture at 
a maximum in this highly organized 
community but normal processes of 
peneplanation are reduced to a mini¬ 
mum. Indeed, there may be a decrease 
in randomness of the local habitat due 
to intake of highly dilute mineral ele¬ 
ments from the subsoil or bedrock by 
tree roots and their subsequent accu¬ 
mulation in the humus-rich topsoil. In 
the sense that entropy means random¬ 
ness or "mixed-up-ness” in the universe 
as a result of highly probable events, 
the climax deciduous forest may be said 
to possess a very low entropy, since it is 
an incomprehensibly improbable phe¬ 
nomenon existing in a dynamic steady 
state. 

Man’s actions in this community al¬ 
most entirely result in a decrease in its 
organization and complexity and an in¬ 
crease in the local entropy of the sys- 
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tern. His activity in reducing the num- of the second law of thermodynamics, 
her of major communities, climax or on abetting the running-down of his 
otherwise, and in blurring the lines of portion of the universe. Perhaps the 
demarcation between them by increas- improbability of the climax biotic com¬ 
ing the range of many of their compo- munity was too great to be sustained, 
nents likewise reduces the non-random- and man is the agent of readjustmeiit. 
ness of his surroundings. Man, as Let us hope his new powers for total 
judged by his record to date, seems entropy increase are not employed be- 
bent on asserting the universal validity fore the readjustments can be made. 
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The Impact of Exotic Invasion on the 
Remaining New World Mid¬ 
latitude Grasslands 

ANDREW H. CLARK* 


FOREWORD 

The evidential basis for an assess¬ 
ment of man’s role in changing the face 
of the earth is to be derived especially 
from careful historical research in par¬ 
ticular kinds of areas. Much has been 
written of the effect of man on grass¬ 
lands, but a great deal of this has 
lumped together too wide a variety of 
grasslands or has considered too limited 
a period of time. This paper takes a 
view more sharply focused as to kind of 
grassland and kind of use by man. At 
the same time we will consider the his¬ 
tory of operation of specific factors gen¬ 
erally supposed to have contributed 
substantially to change. It will be 
argued that there is no clear picture, 
over all, of destructive exploitation by 
man and that change has varied wide¬ 
ly in dimension and direction even with¬ 
in the set limitations. 

The writer’s experience in field inves¬ 
tigation, reading, and writing has been 
rather closely identified with new 
worlds overseas, invaded and occupied 
by Europeans in the last four centuries. 

• Dr. Clark is Professor of Geography at the 
University of Wisconsin, Madison. Previously, 
he was chairman of the Department of Geog¬ 
raphy at Rutgers University, New Brunswick, 
New Jersey. In his historical study of agricul¬ 
tural and pastoral geography he has worked 
primarily in New Zealand and Canada. He is 
the author of The Invasion of New Zealand by 
People, Plants and Animals, 1949. 


It seemed wise, therefore, to restrict at¬ 
tention to those regions. 

These worlds have included several 
areas which were grasslands in 1600 or 
thereabouts: substantial regions, largely 
devoid of trees, with only occasional 
shrubby growth, dominated in vegeta¬ 
tion eover by a variety of grasses. Such 
was the South African Veld, the Argen¬ 
tine Pampa, the tussock grassland of the 
South Island of New Zealand, the Pa¬ 
cific bunch grasslands of California and 
the Columbia Basin, and the great mid¬ 
continent grassland of North America. 
There were others which almost qualify. 
The Patagonian tussock and the park- 
lands of Victoria and New South Wales 
in Australia were finally excluded be¬ 
cause of special problems involved by 
the presence of a large amount of 
woody growth. The Manchurian grass¬ 
land, though in a true sense a “new 
world” grassland, was not settled by 
Europeans and is therefore also ex¬ 
cluded. 

By limiting our attention to those 
parts of the chosen grasslands which 
still have a substantial area remaining 
which has not been plowed, the focus 
thus finally settled on the unplowed 
stretches of the Great Plains, on the 
margins of California’s central valley 
and adjacent coastal mountains, and on 
New Zealand’s South Island high coun¬ 
try. The plowing of most of the Pain- 
pa, the Prairies, the Palouse, and, for 
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that matter, much of the more ‘'‘^r^c- 
tive margins of the Great Plains, the 
California grassland, and the New Zea- 
land tussock, is one of the great epics of 
invasion and settlement of our time; it 
is a story too complex to be summarized 
here, and the invasion involved, in ef¬ 
fect, the large-scale obliteration of the 
original grassland as such. 

The limitations as defined have the 
great virtue of allowing us to speak 
throughout about grassland areas. We 
are not involved in study of the transi¬ 
tion from forest to grassland or crop¬ 
land, or grassland to arable, nor are we 
concerned with grasslands artificially 
and deliberately created by man. We 
shall not estimate how long any of these 
areas have been grassland, although 
there are tempting avenues in paleo- 
ecology and culture history to be ex¬ 
plored. Assuming that the nature of the 
bioine was in reasonable internal bal¬ 
ance and in external balance with the 
habits of the occupying culture in each 
area, as we first view it, and assuming 
that no significant advent of exotic 
plants or animals had occurred in any 
of them for long centuries before, we 
will review briefly fact and opinion as 
to effects of the European invasions of 
the last few centuries. 

In each case the invasion precipi¬ 
tated large-scale displacement or de¬ 
struction of the pre-European peoples 
and their culture. Native grazing fauna 
were considerably altered; the principal 
grazing animals in the largest of the 
areas were all but obliterated. Millions 
of horses, cattle, sheep, and goats were' 
introduced. Animals were imported for 
sport, or by accident, and became nox¬ 
ious pests. There were weeds and birds, 
with bacteria and viruses in train. 
Fences appeared as well as hedges and 
groves of exotic trees; wells were sunk, 
and windmills were erected to pump 
them; irrigation channels and stock¬ 
watering races were etched in the sur¬ 
face of plain, terrace, or river flat. And 
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there were houses, villages, and towns; 
trails, roads, and railroad lines; dams 
and power lines. 

With these changes came the altera¬ 
tion of the grasslands. It is our purpose 
to try to describe some of the latter 
changes and to suggest something of 
their dimension, significance, and cause. 
Two kinds of study are involved: his¬ 
torical and processual. The former is 
conc(‘rned with establishing the fact of 
circumstance and change; the latter 
aims to assign relationships between 
the characteristics and changes and the 
processes observed or hypothesized. 
Processual research is more advanced, 
but its wells of historical material are 
running dry. There is observable an in- 
crc'asing tendency to hypothesize the 
charac'tcristics or changes thems(*lves 
and thus to replenish those wells. By 
guessing what may have been the vege¬ 
tation cover of North Africa, or the 
prairie peninsula of North America, or 
the Llanos of the Orinoco five thousand 
years ago, we have gone on to argue the 
lole of the goat, the plow, hoe or dig¬ 
ging stick, fire, or changing climate in 
the changes assumed. All of this has its 
place in the development of theory, else 
all of our knowledge remains disorder¬ 
ly. Yet we really do not have the evi¬ 
dences to be as dogmatic as we have 
been (or sounded) in many of our goat- 
garrigue, precipitation-prairie, or similar 
single-factor interpretative emphases. 

The limited focus here on a period 
of three or four centuries is not in¬ 
tended to suggest that we should not 
give as much or more attention than we 
have done to more distant historical 
studies (documentary, archeological, or 
ecological) in either these or other 
areas or that we should not attempt to 
erect processual theory on the basis of 
such reconstruction. But the restriction 
does allow us a much more comprehen¬ 
sive array of evidence and, by directing 
attention to the remaining grasslands, 
may allow a firmer base for backward 



Impact of Invasion on Nciv World Mid-latitude Grasslands 739 


extrapolation. Historical fact and pro- 
cessual theory will appear here inter¬ 
mixed as they are in the words and 
writings of most students of the grass¬ 
lands and of their settlement by Euro¬ 
pean man. The emphasis on exotic in¬ 
vasion is both the most logical and the 
most convenient method of examining 
directly the impact on the pre-invasion 
biome. It directs our attention to the 
most spectacular, and probably most 
significant, vectors of change. 

THE NORTH AMERICAN GREAT PLAINS 

The Vegetation Cover in 1600 
and the Remaining Grass¬ 
land Area of 1950 
The accompanying map (Fig. 148) 
indicates the extent of the pre-European 
short-grass area in the interior of the 
continent and (somewhat roughly, for 
there is a great deal of interfingering 
on the margins and many enclaves and 
exclaves) that which is still largely un¬ 
plowed in the mid-twentieth century. 
Commonly, the whole sixteenth-century 
central grassland has been reconstructed 
as tall prairie grasses to the east and 
short ‘‘plains” grasses to the west, with 
associated forbs and woody growth. 
There was, however, a considerable 
zone of gradation, which has been re¬ 
ported as a region of “mid-grasses” or, 
more specifically, a zone of intermixture 
of taller or shorter grasses with the 
dominance of one or the other apparent 
in years of greater or less rainfall. In 
fact, most of the tail-grass and mid¬ 
grass zones, as well as some parts of 
the short-grass plains, have been 
plowed, although agricultural occupa¬ 
tion of many such areas has been tem¬ 
porary. The remaining unplowed grass¬ 
land is largely within the presumed 
short-grass area, originally some two 
hundred million acres, the southern part 
of which Coronado and his associates 
traversed four centuries ago. 

There have been many botanical and 
ecological descriptions of the plains 


(Malin, 1947). Carpenter (1940) inter¬ 
preted the area as essentially a region 
of short grass, with grama grasses 
(Bouteloua spp.) and buffalo grass 
{Buchloe dactyloides) as dominants, 
on which bison and pronghorn grazed: 
briefly the Bouteloua—Bulbilis [BucJi- 
loe]-Bison-Antilocapra biome. Weaver 
and Clements (1938, p. 524) identified 
this short-grass area as a disclimax 
materially altered by grazing pressure 
of sheep and cattle. The judgment was 
based in considerable part on exclusion 
grazing studies, the observation of the 
extension of taller grasses in wetter 
years, and evidence of earlier travel ac¬ 
counts (Hayden, 1870). Larson (1940) 
feels that this interpretation ignores 
grazing pressure of bison, and he ques¬ 
tions some of the evidence used (e.g., 
his view that the year of the Hayden 
expedition, 1870, was atypical). 

In general, the middle of the short- 
grass area (western Kansas and eastern 
Colorado) is believed to have had a 
predominantly grarna-grass sod at high¬ 
er levels, with more buffalo grass ap¬ 
pearing at lower levels and on slopes 
and being mixed with bluestems (An- 
dropogon spp.) in the lowest spots. 
Wheat grasses {Agropyron spp.) and 
needle grasses {Stipa spp.) were more 
prominent in the northern plains reach¬ 
ing up into Canada (Coupland, 1953). 
In the sandhills of Nebraska the shorter 
grasses tended to be replaced by the 
taller bluestems, a dropseed (Sporobo- 
lus cryptandrus), and prairie sand grass 
{Calamovilfa longifolia). To the south 
the gramas were mixed with Hilaria 
species, notably, curly mesquite grass 
(//. belangeri) and galleta grass (f/. 
jamesii ). 

Throughout the grasslands there were 
leafy herbaceous plants (the forbs of 
the ecologist and the “weeds” of the 
cattleman) and shrubs. The latter in¬ 
creased in density toward the west and 
southwest, and, where the grassland 
grades into the desert-shrub associa- 




Fig. 148.—Unplowed grasslands of western North America: Great Plains and California 
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tions, shrubs became dominant. The 
northern desert was remarkable for the 
dominance of the sagebrushes ( Arte¬ 
misia spp.), and these were the princi¬ 
pal shrubs of the northern plains. To 
the south, mesquite ( Prosopis juliflora) 
extended similarly from the southern 
desert. Prickly pear ( Opuntia spp.) had 
a rather wide distribution. 

These are the broadest of generaliza¬ 
tions. The grass usually formed a con¬ 
tinuous sod, but even this was not uni¬ 
versal. The local habitats varied greatly 
with the parent-material of the soils, 
broken ground, exposure, elevation, and 
hydrological situation. Along the river 
flats, forests of a kind, dominated by 
cottonwoods, pushed far into the plains. 
There were, literally, hundreds of spe¬ 
cies of grasses, herbs, shrubs, and trees 
in the region. If there was a balance in 
the whole biome, one would expect it to 
have been a shifting one, for the climate 
is capricious. Sharp contrasts in rainfall 
were noticed from one place to another 
in particular years and in individual lo¬ 
calities from year to year. There were 
also periodic (though unpredictable 
and non-cyclical) fluctuations, resulting 
in series of relatively dry or relatively 
wet years. A drier phase must inevitably 
have allowed the short grasses to ex¬ 
tend eastward (and appeared to do so 
rather spectacularly because of the 
mixed character of the ‘‘mid-grass” asso¬ 
ciation), and with them the sagebrush, 
cactus, and mesquite. Wet years would 
have reversed the trend and given a 
“prairie” aspect to much of the short- 
grass region. 

Climatic fluctuation extended beyond 
rainfall to include temperature, not only 
in great annual extremes and year-to- 
year differences, but, with the changing 
surge of air masses, in rapid changes 
from day to day and week to week. 
Levels of sunshine and wind speed are 
higher than in the areas to the east, as 
average rainfall is markedly lower. The 
surface itself is far from uniform. To the 
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north and west of the Black Hills there 
is a substantial degree of local relief; 
sometimes the plains are multilevel, 
with sharp breaks between. South of the 
Nebraska sandhills the high plains are, 
in general, a country of little slope and 
broad, uninterrupted sweeps. In such 
expanses the valleys of the major rivers 
from the mountains are incised far be¬ 
low the plains level, and surface water 
is little and far between; the water table 
is generally at substantial depth, and 
streams run intermittently in drier sea¬ 
sons. The soils share with nearly all the 
other soils of the dry mid-latitude grass¬ 
lands a high potential fertility for most 
crops, otherwise suitable, if water (by 
irrigation or higher than usual rainfall) 
becomes available. Irrigation water is, 
however, very limited, and higher rain¬ 
fall years (like those of the 1940’s) are 
sandwiched in between others (like 
those of the mid-1930’s and the early 
1950 s) when the annual totals are of 
desert dimensions locally. 

Entry of the Horse and Destruc¬ 
tion of the Bison 

The most obvious change in the re¬ 
maining grasslands of the Great Plains 
is the presence of cattle and sheep 
which graze the grasses and browse the 
shrubs. The first exotic invader of im¬ 
portance, however, was the horse, which 
entered the plains to stay far ahead of 
the Europeans themselves or any other 
of their animals. Assuming no perma¬ 
nent introductions from the expeditions 
of De Soto or Coronado, the general 
consensus is of a slow seventeenth-cen¬ 
tury spread north and east from Santa 
Fe and other centers by escape, trade, 
and Indian capture.^ The horses of pre- 
European times on the plains should be 
considered in two categories: the truly 
feral mustangs, which bred freely and 
increased rapidly in numbers, and those 
which were incorporated into the cul- 

1. Aiton. 1939; Denhardt, 1947, 1951; 

Haines, 1938. 
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hire and economy of the Plaiii;- 
Although it has bei n argued that me 
wild horses were at one /o 
counted “in the millions ('''Vman, 

1945, p. 21). it is generally concluded 
that they were not a major clement 
leading to change in the grassland. It is 
believed that they had declined greatly 
in numbers by 1870. 

The greatest contribution of the horse 
to the rate and nature of grassland 
change was the increase of war poten¬ 
tial among the Plains Indians which 
proved a major deterrent to European 
occupation for a period of nearly two 
centuries.2 The evidence hardly sug¬ 
gests that it contributed substantially to 
reduction of bison numbers. Perhaps 
the increased pressure through horse¬ 
grazing was of similar proportion to the 
decrease of foraging bison. Thus the 
question of changes in the bison popu¬ 
lation is begged, and again we lack the 
historical research essential to any de¬ 
gree of certainty. The effect of changes 
in numbers on grazing pressure is little 
clearer. Bison-grazing has been care¬ 
fully observed only under conditions so 
changed as to make comparisons of 
doubtful value. But there were very 
numerous bison that grazed grass, and 
the question at issue is whether their 
replacement by cattle and sheep has 
resulted in a substantial change in grass 
cover or other ‘‘natural” characteristics. 
The gamut of opinion runs from the 
viewpoint that the present plains cover 
is a disclimax resulting from a quite 
different, and more severe, grazing pres¬ 
sure of cattle and sheep, as compared* 
with bison and pronghorn, to that 
which questions the whole concept of a 
stable climax and insists that bison¬ 
grazing may well have matched that of 
sheep and cattle (Larson, 1940). Un- 
cmestionably, the weight of opinion is 
that the bison did not graze as heavily 
(see relevant quotations in Trexler, 

2. Roe, 1939; Linton, 1940; Webb, 1931; 
Wissler, 1914, 1920. 
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1921, esp. p. 350), but it is equally true 
that pronghorn-grazing was probably 
much heavier than has beem assumed; 
some estimates would rate pronghorn 
equal in number to bison, at least on 
the plains (Skinner, 1922). 

Debate is particularly sharp as to 
bison numbers.^ It now seems safe to 
conclude that an average figure of some 
fifty million for the grasslands over all, 
with perhaps ten million on the area 
here considered, in an intermediate 
(what we illogically call “normal”) 
rainfall year, is a conservative estimate. 
Clements and Shelford (1939, pp. 264, 
273) assumed a much higher figure. Al¬ 
though the bison were virtually elimi¬ 
nated before 1890, the reduction in 
numbers was slow at first. With an 
assumption that the average yearly kill 
was about two million in the 1830’s, 
the 15-20 per cent annual net replace¬ 
ment should have been ample to re¬ 
plenish the herds, even if the killing of 
cows was as much as the estimated 
eight to one in comparison with bulls. 

In the next decade, however, the kill 
began to far outstrip annual increase. 
The systematic destruction during the 
1840-80 period has been well studied.^ 

It was completed in the early eighties, 
somewhat earlier north of the forty- 
ninth parallel. The discovery in 1871 
that the hides could make commercial 
leather greatly broadened the demand, 
and the destruction, toward the end, of 
two or three million a year was even 
greater than it had been a half-century 
earlier. 

Although there was little delay in the 
replacement of bison by cattle—the 
great cattle invasion beginning after the 
Civil War—there probably was some 

3. The best recent studies, which bring Allen 
(1876) and Mair (1890) up to date and win¬ 
nows some wheat from the writings of such 
dubious reporters as Homaday (1887) and 
Seton (1909, 1929), are those of Roe (1937, 
1951). 

4. Branch, 1929; Garretson, 1938; Rister, 
1929. 
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lessening of grazing pressure in the re¬ 
placement period 1840-80, which pos¬ 
sibly may have given the plains a dif¬ 
ferent aspect to visitors of that time 
than would have been shown in a time 
of more usual bison or cattle numbers. 
What has been overlooked in general, 
however, is the probability that grazing 
pressure by bison may well have in¬ 
creased in the first three or four decades 
of the century. If we accept the reason¬ 
able point of view that the bison were 
always more numerous where the forage 
was better (in the prairies and mixed 
grasslands), the early years of the cen- 


The possible effect of the horst on 
nature in the plains thus remains a iiv(?- 
ly topic for further historical research 
and processual reconstruction and spec¬ 
ulation. It is inextricably linked with 
tluj matter of bison numbers, for it was 
ultimately an indispensable agency 
both in destroying and in replacing 
bison, but its effects as a grazer must 
surely have been small compared with 
the effect of changing numbers of bison. 

The Invasion of Cattle 

The spread of cattle over the plains 
is one of the best-documented stories of 
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tury should have seen greater pressure 
jn them in just those areas, partly from 
European advance in Texas and Illinois, 
but more particularly from the enforced 
invasion of Indians, pushed west by the 
flooding trans-Appalachian movement 
of American population. It is possible, 
thus, that some of our earliest system¬ 
atic descriptions of the plains country 
(e.g., Marcy, 1849; Wislizenus, 1848, 
1912) and the many more popular de¬ 
scriptions (e.g., Parkman, 1849) may 
have reported on an area subjected to 
heavier grazing in the immediately pre¬ 
ceding decades than that experienced 
in any earlier century or since. 


American expansion from the oceans to 
the interior.® In the southern plains, 
cattle spread northward from the Texas 
reservoir in the I830's, I840's, and 
I850’s. At the end of tlie Civil War 
there were five million cattle in Texas 
alone. Other sources of cattle, especiallv 
for the northern plains, were Oregon and 
the present Corn Belt states. By 1880, 
cattle had effectively occupied the 
plains (Table 27), and the short-lived 
open range was giving way to fenced 
ranches. 

This cattle invasion has generally 

5. Briggs, 1934; Dale, 1930; Osgood, 1929; 
Pelzer, 1936; Webb, 1931; Wellman, 1939; etc. 
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been considered to be the principal im- curred, in the terms described, is not in 
mJranXto^ which aJterec? the 4arac- question.^ But that the unplowed short- 
texol the grassland. There is a very grass plains have, as a result, an essen- 
rich, if uneven, literature concerned tially difiFerent character from those of 
with some of these effects. We should an eighteenth-century (and earlier; pro- 
unquestionably give more attention here sumed grama grass buffalo grass bi* 
to the impedimenta of the invasion: son—pronghorn cum Plains Indian as- 
men, their buildings, cities, and towns; semblage is quite another thing. To be- 
transportation lines, agriculture on both gin, we cannot accept the idea of a 
margins (prairie and irrigation) and nicely balanced climax suddenly and 
spottily in the plains themselves; fences; substantially overturned by the entry 
windmills; and a host of immigrant of cattles and sheep. Culture does not 
plants, animals, insects, bacteria, and suddenly enter a cultureless sphere, and 
viruses, many of them noxious to the grazing animals do not appear for the 
men and the major animal immigrants, first time on the grassland areas. More- 
But, again, our focus demands rigid over, the short-grass—bison biome prob- 
limitation to the changes in the grass- ably had no continuous local or general 
lands as such. These include changes in - -- J 


stabilitv in its numbers and distribntic 


physiognomy and density of the asso- of plants, major or minor animals, or 
ciation, the expansion or contraction of insects. With broad fluctuations in cli- 
the range of certain species, the ap- mate, with more or less natural and cul- 
pearance of new species and the dis- tural burning (Sauer, 1950), with fluc- 
appearance of older ones, correlative tuations in rodent or insc‘ct population 


changes in the fauna, and changes in 
soil or water conditions, including ero¬ 
sion and gullying. 

Most attention in study of the change 
in the biome associated with the entry 
of cattle has centered on the problem 
of ‘^overgrazing.’' It has been accepted 
doctrine by a good many conservation¬ 
ists (and indeed by most cattlemen and 
other students of the area) that, from 
the 1880's onward (and before then in 
the southern plains), we have had, re¬ 
currently, the grazing of one or another 
portion of the range at a pressure caus¬ 
ing serious deterioration of the cover. 
When these changes have reduced for- 
age by thinning, replacement of more 
by less palatable graze or browse, sub¬ 
stitution for grass of woody plants and 
“weeds” (i.e., forbs), or obvious blow¬ 
ing, washing, or gullying of soil as pro¬ 
tective cover has been removed, the ex¬ 
pressions “overgrazing," “depletion," or 
“erosion" have been applied as proces- 
sual descriptions or explanations of the 
circumstances. 

That short-term changes have oc- 


not clearly related to rainfall or tem¬ 
perature trends, with some outward mi¬ 
gration of bison, pronghorn, and, latter¬ 
ly, mustangs to mountains or prairies 
and parklands in “desert years" and 
heavier influxes in “prairie years,” most 
of the kinds of changes ascribed to cat¬ 
tle- or sheep-grazing pressure must 
have occurred without it (Crawford, 
1842, pp. 420-22). Thus, it is possible, 
for example, to see in the depletion of 
productive forage, the dust storms, rain- 
wash, and gullying, the spread of shrubs 
at the expense of grass, or the increase 
of rodents or insects, not an example of 
destructive cultural exploitation of a 
valuable natural resource, but an ex¬ 
pectable phase of a widely swinging 
p€*ndulum which might have been ob¬ 
served many times in recent centuries. 

With the substitution of fenced 
ranches for the open range, which fol¬ 
lowed the invasion of cattle in a brief 

6. This literature is so widely known and 
available that citation is perhaps pointless, but 
we may mention the bibliography in Stefferud 
et al., 1948. 
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quarter-century, it is true that a new 
factor was introduced. The improve¬ 
ment of transportation for the outward 
movement of animals in poor years, or 
the inward movement of feed, together 
with the local production of supple¬ 
mentary forage by irrigation or dry¬ 
farming technology, have interfered 
with the presumed safety valves of mi¬ 
gration and large-scale die-oflF. There is 
a tendency to continue an intensity of 
grazing pressure in drier years, which 
might well have been much lighter un¬ 
der the bison-pronghorn regime. The 
significance of these things is, however, 
comparative, and we are left with pos¬ 
sibilities, not facts. 

Since we can only guess at pre-cattle¬ 
grazing pressure, attempts at compari¬ 
son, for example, of pressures between 
the beginning and end of the nineteenth 
century must be rather tentative. In 
fact, we do not have a clear picture of 
optimum grazing pressure for cattle and 
sheep in the twentieth century. The ex¬ 
tensive literature reveals not only a very 
wide variation in estimates of the opti¬ 
mum between one or another part of 
the plains but much uncertainty in spe¬ 
cific areas, even when attempts are 
made to allow for climatically induced 
fluctuations of forage yield.What also 
may be overlooked is that optimum 
grazing pressure is not a concept asso¬ 
ciated with the maintenance of a pre¬ 
sumed climax; the desired goal may be 
something quite different. ‘‘Overgraz¬ 
ing*' thus is applied to departures from 
the optimum—-an agronomic rather than 
an ecologic ideal (Clarke ef al., 1943). 

Many attempts have been made to 
assess the significance of climatic fluc¬ 
tuations in steadily grazed lands. Per¬ 
haps the most comprehensive study ever 
made of drought in relation to grass 
cover was that bv Weaver and Albert¬ 
son (1940; also ^1936, 1939, 1944) of 

7. Black and Savage, 1948; Larson and 
Whitman, 1942; Sarvis, 1941; Savage and 
Heller, 1947; Williams and Post, 1945. 
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eighty-eight ranges in western Kansas 
and Nebraska, western South Dakota, 
eastern Wyoming, eastern Colorado, 
and the Oklahoma Panhandle. The dec¬ 
ade-long period of lower-than-average 
rainfall saw the loss of much topsoil, 
blowing, burial by dust, damage by 
grasshoppers, and general grass deple¬ 
tion, chiefly noticeable as thinning. 
Opuntia and other cactus and shrubs, 
Russian thistle, and other weeds in¬ 
creased greatly. The recovery of grama 
and buffalo grasses with improving rain¬ 
fall was slow, for they are not good 
seeders; of the two, buffalo grass re¬ 
covered more rapidly and replaced 
grama grasses on many areas. The most 
interesting aspect of these studies is, 
however, that even under continued 
grazing pressure (and perhaps much 
heavier than drought-year grazing by 
bison and pronghorn) the tendency 
with improved rainfall was return of 
the “normal** short-grass cover. Experi¬ 
mental pastures at the United States 
Range Livestock Experiment Station in 
eastern Montana took some eight years 
to recover from the 1934-36 drought 
under “conservative" grazing, but re¬ 
cover they did (Chapline, 1948). 

In drier years the plains have experi¬ 
enced locally, under cattle-grazing, a 
degree of depletion of cover which is 
unlikely to have occurred under the 
free-ranging bison-pronghorn (or bison- 
pronghorn-mustang) regimes and a 
similarly exaggerated extension of brush 
and weeds. It is undemonstrated, how¬ 
ever, that we have changed the poten¬ 
tial of restoration of something very like 
the presumed early nineteenth-century 
cover by grazing pressure alone or that, 
even in the sorriest “desert** years of the 
thirties, an actual alteration which was 
more that an extra kick to the swing of 
the pendulum in a normally “oscillating 
equilibrium” had in fact occurred. 
“Overgrazing,” “depletion,” and “ero¬ 
sion” are actual, observable phenomena; 
they may have been endemic in kind, 
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if not recent degree, for many long cen¬ 
turies in the Great Plains—as much a 
part of ''natural” characteristics of plains 
as any phenomenon we care to name. 

It is clear that “overgrazing” is asso¬ 
ciated principally with drought years, 
and, in this connection, we do need a 
closer examination of the degree to 
which dust storms or floods are asso¬ 
ciated with the unplowed plains, a com¬ 
parison in this context of dust storms of 
the nineteenth and twentieth centuries 
(Malin, 1946; Sears, 1947, chap, xiii) 
and particularly whether their severity 
has been, in any sense, increased by 
heavier grazing. Malin (1947, pp. 131- 
48) has made a most exhaustive exami¬ 
nation of the problem, and his tentative 
conclusions are that there has been no 
distinct long-term trend toward more 
dust storms or floods, or more severe 
ones. He suggests that we should not 
ascribe to cattle invasion the "climatic 
catastrophes” of the Dust Bowl era with 
the evidence we now have at hand. 
That cattle, the entrepreneurs who man¬ 
age them, and the economy of the area 
have suffered severely from such disas¬ 
ters is clear; to our problem these facts 
would have relevance only if they docu¬ 
mented a thesis of long-term change. 

Other Invaders 

Sheep.—The short-grass areas have re¬ 
ceived sheep and goats as well as cattle. 
There are, however, distinctly fewer of 
them and, equating their grazing pres¬ 
sure to that of cattle (and chiefly wool- 
type, high-Merino-blood sheep, com¬ 
pared with Hereford and similar beef- 
type cattle) at seven, or ten, to one, 
they are of very much less significance. 
The effect of sheep pressure can be in¬ 
terpreted in general in the same terms 
as cattle pressure, as considered above. 
Perhaps the vulnerability of sheep to 
attack by predators (chiefly coyotes and 
wolves on the plains) has lea to more 
widespread and systematic attack on 
predators in the sheep country and thus 


tended to disturb more substantially 
broader balances of the ecosystem in 
general (Connor, 1921; Towne and 
Wentworth, 1945). 

Or asses, weeds, and shrubs.—Some 
attempt has been made to control the 
character of the association by regula¬ 
tion of grazing pressure by the animals, 
but there have been other deliberate 
attempts to "engineer” changes in the 
vegetation cover. These involve in part 
the deliberate suppression of some 
types of vegetation and the introduc¬ 
tion or encouragement of others. The 
extent of reseeding of the short-grass 
area has been obscured by the rather 
larger effort to turn land once plowed 
out of short grass, for grain production, 
back to a satisfactory forage sod. How 
much of the true short-grass land has 
been plowed in non-irrigation areas is 
uncertain. The supposed large-scale 
plowing-under of such land during 
World War I for grain production has 
been greatly exaggerated. Jorgensen 
(1949), with some careful calculations, 
estimates that, of an often-quoted (and 
misleading) figure of eleven to twelve 
million acres for the west North Cen¬ 
tral states, only about five million acres 
were plowed in the short-grass lands of 
that area in the war decade. Taking 
this and various other estimates on the 
plains area for land plowed in high- 
price, good-rain years (which coin¬ 
cided during two World War periods), 
and which has been allowed to revert 
to volunteer vegetation or has been de¬ 
liberately reseeded to grass, we should 
•arrive at between ten and fifteen mil¬ 
lion acres for the whole short-grass 
plains. The area of deliberate reseeding 
of unplowed grass is smaller, but as of 
seven or eight years ago some five mil¬ 
lion acres of such land had been re¬ 
seeded (Pearse et al., 1948). 

Some of the seeds planted are na¬ 
tives, but there has been a substantial 
attempt to introduce such exotics as 
crested wheat grass (Agropyron cris- 
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tatum), Russian wild rye {Elymus jun- 
ceus)y and Hungarian smooth brome 
(Bromus inermis) in the north; three 
South African lovegrasscs—weeping 
(Eragrostis curvula), Boer (E. Chlo- 
romelas), and Lehmann (E. lehrnan- 
niana)—in the south; and Caucasian 
and Turkestan bluestems (Andropogon 
intermedins var. caucasius and A. is- 
cJiaemum) in higher-moisture sites. 
With this program a considerable al¬ 
teration of cover has been achieved, 
and it has been going ahead with some 
momentum since 1947. Concurrent with 
the recent severe drought in the south¬ 
ern plains especially, something ap¬ 
proaching a hundred million acres of 
depleted land are being recommended 
for reseeding.® 

Other methods of deliberately induc¬ 
ing changes in the grassland include 
the mowing and ‘Vailing” of weeds and 
shrubs, the widespread use of chemical 
weed- and brush-killers, and fertiliza¬ 
tion, especially by air-dusting, although 
the last presents serious problems in 
areas of such low rainfall. A great deal 
has been attempted in fencing, in spac¬ 
ing waterholes and salting points to 
avoid concentration, and in keeping 
sheep scattered instead of clustered; 
but these are methods of controlling 
grazing intensity, and the major hope 
of students of range improvement in 
the short-grass area is to introduce new 
grasses or to improve old ones. 

The major program of breeding, se¬ 
lection, and reseeding is now a half- 
century old. Crested wheat grass, in¬ 
troduced in 1906, is hardly a paragon; 
it is being improved by mass selection, 
and other Agropyron species (A. elon- 
gatum, A. Trichophomm, and A. inter¬ 
medium ) are also being imported 
(Graham, 1944, pp. 203ff.). Actual 
breeding has been rather slow. One of 
the more interesting possibilities arises 
from the substantial degree of interspe- 

8. Hanson, 1928; Nelson and Shepherd, 
1940; Savage, 1934; Short, 1943. 


cific hybridization which goes on in the 
grasslands. Although the offspring are 
sterile, they are more vigorous and long- 
lasting, and the deliberate planting- 
together of parent-species to produce^ 
such hybrids is now being undertakeri 
(Keller, 1948). 

Few truly exotic forbs and shrubs 
have become widely established in the 
short-grass area. The variation of den¬ 
sity or distribution of Artemisia, Fro- 
sopis, or Opuntia is a “natural” phe¬ 
nomenon of fluctuating conditions of 
the grasslands; they have been present 
at all times and are in no sense exotic 
to any part of it. Most of the plants 
considered noxious for one reason or 
another, either as poisonous (e.g., lark¬ 
spur), inedible (e.g., orange sneeze- 
weed), unpalatable (e.g., bitterweed, 
etc.), or as fire hazards when dry (e.g., 
chcatgrass) are, like the shrubs, native; 
Malin (1953) has presented evidence 
to suggest in the case of mesquite, sage¬ 
brush, and cactus some doubt as to 
current theories of wider spread associ¬ 
ated with “overgrazing.” 

Most of the serious exotic “weed” 
problems are in fact outside of the un¬ 
plowed, short-grass plains proper; some 
weeds, like Russian, Canada, and sow 
thistles in particular, have occasionally 
been problems in the plains, but they 
have never become permanent addi¬ 
tions to the ecosystem to alter its es¬ 
sential long-term character. 

Trees—The short-grass plains were, 
and still are, largely treeless regions, 
except for the larger mesquite in parts 
of the southern plains and the cotton¬ 
wood river-bottom strips fingering their 
way west into the plains of the center 
or north. One of the most difficult ad¬ 
justments of “deciduous forest man” 
(Shelford, 1943) in the plains was to 
learn to live without trees, and he did 
not learn without making great efforts 
to bring his trees with him and to main¬ 
tain them in the unfriendly environ¬ 
ment. Despite a wide variety of efforts 
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to introduce trees, it is, howev'cr, a safe 
generalization to make that the un¬ 
plowed plains and many millions of 
acres once and allowed to re¬ 

vert to something like their original 
character are still treeless. 

Reaction of Minor Clrazinc 
Fauna, Predators, and 
Insects to the Invasions 
As a footnote to the story of the in¬ 
vasions, much has been written of the 
change in the pre-European fauna. The 
bulk of it has been concerned with the 
effect of the change in numbers and 
kinds of wildlife on the productivity of 
the range. As competitors for forage 
with sheep and cattle, there have al¬ 
ways been hares and rabbits and the 
*‘true rodents'*: prairie dogs, ground 
squirrels, pocket gophers, and kangaroo 
rats in particular. Despite much study, 
their role in the ecology of modem 
range use is not well understood. They 
do consume much grass. The Zuni 
prairie dog, for example, was found to 
feed on 78 per cent forage grasses and 
to be somewhat selective of the best 
species (Kalmbach, 1948), Kalmbach 
quotes an estimate of Grinnell and 
Dixon that California ground squirrels 
ate herbage and grass which, if fully 
utilized, could have supported 160,000 
cattle or 1,600,000 sheep. Actually it is 
doubtful if the competition means much 
in good years, but in bad years it not 
only may be serious for cattle and sheep 
but also may speed range deterioration 
through change in the density and kind 
of plants in the cover (Taylor, 1930). 

Most of the observations have to be 
treated with great care. Accepting an 
apparent increase in rabbits, hares, and 
rodents as contemporaneous with de¬ 
pletion and change in vegetation is cer¬ 
tainly not to establish cause and effect 
and, indeed, raises the question of 
which is cause or effect if a causal re¬ 
lationship be accepted. It is entirely 
possible, if not probable, that rodents 
thrive better on land where grasses are 


depleted and shrub growth is encour¬ 
aged. Scrub control operations, by 
mowing, railing, burning, etc., remove 
protective cover and allow coyotes and 
hawks to prey on rodents. Jack rabbits 
are observed to congregate, not where 
the range is best, but when* it is poor¬ 
est. Of particular relevance is the con¬ 
clusion that such fluctuations in rodent 
numbers should have been a long-term 
characteristic of plains history, far ante¬ 
dating the entry of cattle and sheep. 

We have little better understanding 
of the relation of insect numbers to the 
replacement of bison and pronghorn by 
cattle and sheep. The insects of most 
interest to graziers, and therefore most 
studied, have been grasshoppers, Mor¬ 
mon crickets, cutworms, army worms, 
range caterpillars, and leaf-cutting ants. 
Major attention has been given to the 
grasshoppers, the attack of which at 
various times has assumed the dimen¬ 
sions of a national calamity (Le Due, 
1878; Brown, 1948). When they swarm 
to the degree that they are called “lo¬ 
custs," they consume a great deal and 
create a serious pressure on the vegeta¬ 
tion. This is, of course, most evident 
when drought, rodent-grazing, and 
heavy cattle- or sheep-grazing are com¬ 
bined with the locust swarms. 

THE CALIFORNIA GRASSLANDS 

“The original appearance of the Cali¬ 
fornia Grassland is not a matter of his¬ 
torical record" (Beetle, 1947, p. 343). 
The reconstructions have varied a good 
deal, but the most general assumption 
is that the Great Valley (except for the 
drier south-central area of the southern 
portion) and many of the valleys of the 
coastal mountains south of San Fran¬ 
cisco Bay had a dominant cover of per¬ 
ennial bunch grasses. It is also assumed 
that these grasses occurred extensively 
in the parklands and scrublands of the 
none-too-well-named “chaparral” associ¬ 
ation which covered most of the re¬ 
mainder of the southern coastal moun- 
tain-and-valley complex, as well as por- 
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tions of the lower slopes of the south¬ 
ern Sierra Nevada. Much of this area 
has been brought under cultivation, 
particularly as irrigated land at lower 
elevations of the Sacramento Valley 
and the broad eastern fans of the south¬ 
ern valley. Also, many valleys, irrigated 
or not, and areas marginal to the valley 
irrigated lands or at higher levels in 
the coastal ranges have been used for 
rainfall-farming. Throughout the south¬ 
ern coast ranges and in a border of fluc¬ 
tuating width sunounding the valley, 
there are still unplowed areas which 
were, however, presumably grassland in 
the seventeenth century (see Fig. 148, p. 
740). 

If the cover was indeed perennial 
bunch grass, a very great change has 
occurred, for today these unplowed 
areas are dominated by annual grasses 
mostly exotic to the area and even to 
the continent. Whatever the original 
cover, it is at least likely that there were 
strong contrasts between the California 
grasslands and those of the Great 
Plains. The latter, undoubtedly, have 
always been subject to a much heavier 
grazing pressure. They presumably 
have been predominantly perennial sod 
grass and have had, we believe, a high 
degree of stability within a consider¬ 
able range of periodic fluctuation. The 
original California grassland was 
“grazed” only by deer, rabbits, and ro¬ 
dents. There must have been a great 
deal of variation in the presumed nee- 
dlegrass-bluegrass (Sffpa-Poa )-bunch- 
grass association, but it is thought to 
have been dominated by California, or 
purple, needlegrass (S. pulchra) and 
other needlegrasses and to have in¬ 
cluded species of bluegrass (Poa)y 
medic (Melica), squirreltail (Sitanion), 
wild rye (Elymus), fescue (Festuca), 
bromes (Bromus), bentgrass or brown- 
top (Agrostis)y bluestem {Andropo- 
gon)y three-awn (Aristida), muhly 
(Muhlenbergia)y Panicum, Danthonia, 
and prairie June grass (Koeleria cris- 
tata), the last the only species known 
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to be common to both the grassland oi 
California and the mid-continent prai¬ 
ries.** 

There were some native annuals, arid 
there have been some successfully in¬ 
troduced perennials (e.g., colonial bent 
[Agrostis tenuis] and perennial rye 
grass [Loliutn perenne]), but a conver¬ 
sion from predominant native peren¬ 
nials to predominant exotic annuals is 
nearly complete. The entry of the lat¬ 
ter is presumed to be associated with 
the successive spread of missions and 
cattle graziers in the later eighteenth 
century (Parish, 1920). Why contact of 
missions and graziers in New Mexico 
and Texas should not have led to a sim¬ 
ilar exotic invasion of grasses into the 
Great Plains has never been satisfac¬ 
torily determined. Differences between 
bunch-grass and sod cover, in climates 
(both in reduction of lower tempera¬ 
ture extremes and in reversal of season 
of rainfall), in soils, in the occupying 
Indian cultures, and in both Indian and 
European cultural burning practices— 
all have been argued. The most signif¬ 
icant contrast, perhaps, is that between 
the grazing pressure of many bison 
east of the Rockies and of a few deer 
west of the Sierra, but the actual ap¬ 
plication of this to the problem remains 
to be worked out in detail. 

Our assurance that most of the pres¬ 
ent grasses are immigrants rests on far 
better evidence than does the assumed 
pre-Spanish character of the grassland. 
Present dominant plants are readily 
identifiable as exotics, and their time of 
entry and rate of spread have been es¬ 
tablished by some highly ingenious de¬ 
tective work in examination of grasses 
imbedded in adobe bricks in structures 
of known age.^® Annual bluegrass ( Poa 
annua) y common foxtail (Hordeum 
murinum)y and Italian ryegrass (Loli- 
um multiflorum) became established 

9. Beetle, 1947; McArdlo et aL, 1936; Rob 
bins, 1940. 

10. Hendry, 1931, 1934; Hendry and Bellue, 
1936; Hendry and Kelly, 1925. 
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early. The now ubiquitous wild oat 
(Avena fatua) is thought to have ar¬ 
rived somewhat later (about ISOOj. Al¬ 
though the last is still of great impor¬ 
tance, it, in turn, has been greatly re¬ 
duced from its earlier nineteenth-cen¬ 
tury dominance among the annuals 
(Newberryy 1857), though Aldous and 
Shantz (1924) listed it with three spe¬ 
cies of bromc grass and alfileria, or red- 
stemmed hlaree (Erodium cicutarium), 
as of greatest importance among an¬ 
nuals of only thirty years ago. Certain¬ 
ly it has provided a significant amount 
of range forage for well over a century. 
Fifteen or more brornes have been in¬ 
troduced, but, of these, soft chess ( Bro- 
mus mollis) is much the most important 
for forage; ripgut grass (B. rigidus) 
and red brome (B. ruhens) are almost 
as common if not as welcome. Annual 


The invaders have included many 
trulv noxious plants: St.-John s-wort or 
Klamath weed (Hypencum perfora- 
tum)y Russian knapweed (Centaurea 
repens), Canada thistle (C. arvense)-^ 
which had the honor of inducing Cali¬ 
fornia’s first noxious weed act in 1872 
—and sow thistle (Sonchus asper)^ with 
an adobe history dating back to 1771. 
Russian thistle (Salsala kali, var. temi- 
folia), vinegarweed (Trichostema lati- 
ceolatum)y the peppergrasses (Lepidi- 
titn spp.), and the plantains (Plantago 
spp.) might also be mentioned. Some 
exotics came via the eastern United 
States, like Johnsongrass {Sorghum 
alepense) and the puncture vine {Trib- 
tilus terrestris) y which was also a nui¬ 
sance on the Great Plains. The list of 
adventive plants now found in or near 
the grasslands is of course very long 


bluegrass (adobe-dated 1797) and com- and includes shrubs and perhaps trees 
mon foxtail (adobe-dated 1775), two in, or at least on the border of, the 
of the earliest, are still very widespread, grasslands: the Australian saltbushes 
The grassland contains many non- (AfnpZex spp.) and eucalypts. Curious- 
grassy annuals. Red-stemmed filaree ap- ly> the predominance of the exotics has 
pears to have been in California before led to the consideration of many native 
1769.1^ Filaree is certainly a very impor- forbs (and some grasses) as undesira- 
tant range fodder plant, often cut for hie weeds in the present grassland, 
hay as well as grazed. The two major The significance of invading horses, 
types of filaree (red stemmed and cattle, and sheep in this substantial al- 
white stemmed, E. moschatum) have teration of the unplowed California 
somewhat different areas of concentra- grassland is not clear. The transmission 


tion, although they are mixed on most 
ranges. Davy (1902) has told us some¬ 
thing of the general mechanism of 
grassland change in California by his 
report on the northwestern ranges. 
There he reconstructed replacement of 
the original perennial bunch grasses 
chiefly by wild oats and red-stemmed 
filaree; common foxtail, squirreltail, and 
soft chess followed; and, finally, in the 
twentieth century, came white-stemmed 
filaree. 

11. Hendry and Kelly, 1925. Robbins (1940) 
quotes Fremont (1845), Torrey (1859), and 
Brewer and Watson (1880), among others, on 
the extent of alfileria and on their general erro¬ 
neous conclusion that it was a native. 


of seeds in the wool of the sheep and 
the droppings of the cattle, the pressure 
of grazing, and the early and repeated 
burning as a range management prac¬ 
tice may have been the principal fac¬ 
tors in the change. Yet the speed with 
which so many annuals spread suggests 
that, even without grazing pressure or 
animal help, a substantial invasion of 
the grassland might have occurred, 
granted the entry of annuals by some 
means. The point may not be very im¬ 
portant; with the invasion of man, his 
plants and his animals, came a change 
in the plant cover almost as substantial 
as that achieved by plowing or cutting 
and burning of forest. 
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Associated questions are those of ac¬ 
celeration of soil erosion, lowering of 
water tables, drying-up of streams, 
flooding, etc. On the whole it is doubt¬ 
ful if we have any clear direct associa¬ 
tion of these questions with grassland 
change. The elaborate irrigation sys¬ 
tems, the extensive cutting of forest, the 
many dams, channels, and levees—all 
have had incidental effects on the grass¬ 
lands. But the direct contribution of 
exotic plants and animals to the change 
is obscure. 

Studies of reseeding and the place of 
rodents and insects reveal nothing es¬ 
sentially new or significant. California's 
grasslands are more easily reseeded 
largely because they are annuals, but 
the new seeds face an even more diffi¬ 
cult problem of establishment because 
of the aggressive weedy nature of the 
exotic cover (Chapline, 1920). 

The remaining grassland plays a very 
small part in the whole economic struc¬ 
ture of California. Yet a little over a 
century ago the grassland, as it then 
was, formed the principal base of the 
regional economy. In general, the same 
things are true of the interior North 
American grasslands, although the sod 
grasses of the high, dry plains, general¬ 
ly very much less altered by the seven¬ 
teenth- to nineteenth-century invasions 
and displacements, are of more region¬ 
al importance today than are those of 
California. In both cases, with a mini¬ 
mum of deliberate attempt to change 
the nature of the grassland (and with 
much effort to avoid change), the inva¬ 
sions occurred. In the Great Plains the 
essential change has been small; in Cali¬ 
fornia it has been nearly complete. 

GRASSLANDS OF THE SOUTH ISLAND 
OF NEW ZEALAND 

The writer has made only one de¬ 
tailed investigation of the invasion of a 
grassland and of resulting changes— 
that of the South Island of New Zea¬ 


land (Clark, 1949). Figure 149 ; . 

is reproduced from that study (| i . 
Figure 149 {bottom) is a generai?/;; 
tion of the remaining areas of grassland 
unplowed and unaltered by deliberate 
seeding operations, as given by 
map accompanying Hilgendorf (1935 
and adjusted in part by Cumberland 
(1941). Grass is still the most extensive 
single kind of vegetation cover on the 
island, clothing some one-third of the 
total area, or about thirteen million 
acres. (Tlie island as a whole is about 
the size of Illinois.) 

The grassland, as its character has 
been reconstructed, was a bunch-grass 
association (locally ‘"tussock grassland,” 
or simply “tussock”) dominated by per¬ 
ennial bluegrasses {Foa spp., esp. P. 
caespitosa var. laevis, and P. colcnsoi) 
and fescues (esp. Festuca novae ze- 
landiae), with two or three Danthonias 
of minor importance. There was orig¬ 
inally an understory of herbaceous 
plants and other grasses which sheep 
must have fed on largely as they first 
invaded the grassland. It was not com¬ 
parable in density, variety, or impor¬ 
tance to the present substratum which 
comprises the chief sheep forage today 
but which has been greatly changed by 
invasion and internal plant migration 
as burning and grazing have created 
entirely new microclimates in the inter¬ 
tussock areas. Scattered through the 
grassland were coarse savanna-grass 
types {Aciphylla, Arundo, and Celmisia 
spp.), clumps of New Zealand flax 
{Phormitim tenax), shrubs (as Lepto- 
spermum and Discaria ), and occasional 
lone cabbage trees (Cordyline) (L. 
Cockayne, 1928). 

The existence of such a grassland in 
a region enjoying, in general, a precipi¬ 
tation well in excess of that established 
by Koppen for a grassland boundary is 
an anomaly comparable to that of the 
grasslands of the Argentine Pampa or 
the “prairie peninsula” of North Amer¬ 
ica. The bunch-grass vegetation is most 




Fic. 149.—Pre-European vegetation cover and remaining tussock grasslands. South Island, 
New Zealand. 
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nearly like that presumed for the Pa¬ 
cific Coast grasslands in general, and 
California in particular, but it had no 
close parallel anywhere. Few, if any, 
of the explanations oflFered for the 
existence of humid-climate grasslands 
elsewhere apply to this one. The vege¬ 
tation was unique not only in enjoying 
isolation from competition for periods 
which are measured in geological, 
rather than historical, time but also in 
having no associated grazing or brows¬ 
ing fauna except for the indigenous 
flightless birds. These were of many 
genera and species. The most spectacu¬ 
lar were the giant moas (DinornithU 
formes ), the largest land birds of recent 
millenniums and among the largest of 
paleontological record. They may have 
“grazed” extensively in the grassland. 
They were, however, completely exter¬ 
minated by the Polynesian Maori some¬ 
time before the first Europeans visited 
the island. 

The remaining tussock grassland is 
almost entirely occupied and used for 
grazing; the grazing animals are virtu¬ 
ally all sheep. Actually, even most of 
the sheep now graze improved (largely 
plowed, rotational) pastures on the 
various plains and “downs” areas 
which are usually close to the northern, 
eastern, or southern coasts; such areas 
also contain most of the cattle and pigs 
not in grassland established on burned 
forest. But vast stretches of the higher 
plains, foothills, lower mountain slopes, 
and intermontane basins east of the 
main drainage divide are still covered 
with a grassy vegetation in which the 
original tussock grasses are the physiog¬ 
nomic dominants. They are grazed 
largely by sheep with varying propor¬ 
tions of Merino blood (Buchanan, 1935; 
Belshaw, 1936). 

The evolution of the organization of 
sheep husbandry, always sensitive to 
changing prices and demand, is still in 
active development. Sheep began graz¬ 
ing the original tussock grasslands on 


the coasts in the early 1840’s and 
pushed to the ultimate limits of the 
grassland within three decades. Most 
of the grassland has thus been under 
grazing pressure for a century—not 
quite so long as cattle and sheep havt 
been in California but somewhat long¬ 
er, in general, than cattle and sheep on 
the Great Plains. 

Standard practices in range manage¬ 
ment included regular burning. That it 
contributed to deterioration of the 
range in markedly reducing forage pro¬ 
duction (in the long run) is accepted 
by most students of the area (A. H. 
Cockayne, 1910; Zotov, 1939; Cumber¬ 
land, 1945). So, too, did heavy sheep¬ 
grazing and rabbit infestation. This 
change in forage production has in¬ 
volved a great reduction in the size and 
number of individual tussocks of grass, 
a serious depletion of the original sub¬ 
tussock grasses and forbs, and a wide¬ 
spread change in the type and charac¬ 
ter of the latter. The ultimate form of 
depletion was reached within a few 
decades in the dry central Otago hill 
country of the south, where little but 
mats of scabweed {Raoulia lutescens) 
are scattered around over otherwise 
nearly bare ground (L. Cockayne, 
1919-22; Clark, 1949, Fig. 57, p. 262). 

The burning controversy has, figura¬ 
tively, fully lived up to its name. The 
justification most generally given for 
the practice is that regular burning is 
necessaiy to protect flocks; if one “run” 
(i.e., the owned or, more usually, leased 
land of one grazier) is left unbumed, 
fires, spreading from neighboring runs, 
may incinerate the home flock. But 
burning also removes the coarse, un¬ 
palatable, dead tussock leaves and 
makes much forage available from the 
tussocks which would otherwise be 
avoided by the sheep. Despite many 
experimental exclusion studies, it has 
proved impossible to disentangle the 
separate effects of burning and sheep- 
and rabbit-grazing; but, taken together. 
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they have greatly altered the grass 
cover, economically for the worse. 

In this alteration history the entry of 
the European rabbit and its r^^i 
spread may be of more importance than 
sheep-grazing. In the course of the last 
seveiity'-Rve veurs scores of millions of 
rabbits have\egular]y occupied large 
areas of the grasslands and scrublands 
of the island. All the usual protective 
devices (fences, poisoning, introduction 
of predators, disease control) have 
been used. Up to twenty million rabbit 
skins a year have been exported from 
New Zealand; with Australian rabbit 
skins, they were basic staples for the 
world s fur-felting industries. The rab¬ 
bits certainly competed with sheep for 
grass; the degree, however, is problem¬ 
atical. Estimating a rather conservative 
normal figure of fifty million for the 
island’s rabbit population, with the 
majority in the remaining tussock grass¬ 
lands, they probably displaced at least 
a million sheep. The effect of the rab¬ 
bits, however, has been much more in 
their contribution to long-term decline 
in range forage production; in those 
terms, their economic effect on the 
sheep industry was incalculable but cer¬ 
tainly very much larger. Until very re¬ 
cently, fluctuations in rabbit numbers 
have borne very little obvious relation 
to attempts to bring them under control 
(Thomson, 1884, 1922; Wodzicki, 

1950). 

There are no domesticated animals 
of importance other than sheep in the 
South Island tussock grasslands except 
for horses, used to help herd sheep, and 
a relatively fc^w beef cattle. Stray pigs, 
which quickly became feral, spread 
rapidly in certain forest and brush 
areas and somewhat into the grasslands 
before formal settlement and were 
present in tens of thousands as late as 
the 1860’s (Hochstetter, 1863). The 
feral pigs, a considerable supplemen¬ 
tary food resource for the early settlers, 
were, however, quickly eliminated from 
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the grassland, and farm swine are not 
important there. 

Like pigs, the goats have become 
feral, but, unlike pigs, the feral goat is 
still present in large numbers in twT> 
major concentrations in the tussock: 
near Lake Wakatipu in the southwest 
and in Marlborough Land District of 
the northeast. The writer estimated not 
less than 50,000 feral goats for the 
whole island in the early 1940 s. The 
modesty of that figure is suggested by 
an export of 34,136 goatskins in 1946 
and destruction of more than 73,000 by 
extermination teams of the Department 
of Internal Affairs in 1947, mostly on 
South Island. As with rabbits and deer, 
control efforts have not been very suc¬ 
cessful. The precise effect of the goats 
on the plant cover of the grassland is 
not too well understood; most attention 
has been paid to their effect on forest 
and brushland. They do add grazing 
pressure and must have contributed 
their share to change. 

Among wild animals, rabbits were 
not, however, the only exotic animals 
of importance to be introduced. The 
acclimatization fever, so disastrous in 
its encouragement of rabbit importa¬ 
tion, also brought various species of 
deer, chamois, thar (or tahr) —even wa¬ 
piti and moose—to the island. In 1942 
these animals were estimated to total 
well above 100,000, and it was the dom¬ 
inant red deer which most notably ex¬ 
tended its grazing pressure from the 
remnants of Nothofagus forest into the 
tussock grasslands. In the 1944—46 
period well over 100,000 deerskins were 
exported each year from New Zealand, 
most of them from South Island 
(Donne, 1924; Wodzicki, 1950). 

The change in the grassland has in¬ 
volved the decline, thinning, or virtual 
disappearance of certain original spe¬ 
cies, the spread of other natives to take 
tlieir place under the altered ecological 
conditions, and the entry of many 
exotics. Thus Agropyron scabrum, the 
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only one of the thrc*e native wheat- 
grasses of any original importance in 
the South Island tussock and believed 
to have been a substantial member of 
the original subtussock stratum, is now 
confined to the shelter of the', it'inain- 
ing dominants. Similar fates have be¬ 
fallen many of the others, and the tus¬ 
sock dominants themselves (Poa caes- 
pitosa and Fesfnea novae-zelandiac on 
the plains, downs, and lower mountain 
slopes and two UantJionias—D. faves- 
cens and D. raoiilii var. riihra—oi the 
tall tussock grassland above the “scrub 
line”) are much depleted. A native 
bluegrass, Voa maniototo, has stood up 
better than otlu^rs, is relatively more 
important now, and may even have 
spread a little in some of the drier in¬ 
terior basins. The most aggressive na¬ 
tive clearly has been the oatgrass, 
Danthonia pilosa, which was always 
important but has spix'ad widely in an 
improved comp(*titive position under 
burning and grazing. Another aggres- 
siv^e native und('r similar pressures has 
been ringed danthonia (D. semi-annu- 
laris). In many parts of the present 
grassland these have clearly taken over 
from the Poa and Fesiuca dominants 
reported by the earliest observers (Al¬ 
lan, 1936). 

But exotics have moved in over many 
broad areas. Browntop {Agrostis tenuis, 
the colonial bent of American terminol¬ 
ogy) has been the leader. Other invad- 
ing grasses of importance include sweet 
vernal ( Anthoxanthum odoratum ), 
red fescue (Fcstuca rubra, var. fallax), 
Yorkshire fog (Holcus lanatus, or com¬ 
mon velvetgrass), and the world-wide 
camp follower of European man, Poa 
pratensis (twitch or Kentucky blue- 
grass). And with the grasses came the 
many “weeds,” with sorrel ( Rumex 
spp.) and cat's-ear or capeweed (Hy- 
pochaeris radicata ) in the van. Most of 
the invaders have provided valuable 
grazing; indeed, they may form the 
chief sheep forage over many areas. 
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However, one invading grass has b(' 
come a noxious nuisance in North Can 
terbuiy (Nasella spp., esp. N. trichoto- 
ina from Argentina) and for a time 
necessitated local control boards like 
thosc^ organized to combat rabbits. 

Since tussock areas are fenced large¬ 
ly with wire, the spread of gorse ( Ulex 
europaeus) has not been extensive in 
the tussock areas, but it has “got away” 
locally. In the right places it is a useful 
invader for sheep shelter, but it is re¬ 
markably aggressive and is a real pest 
whtai out of control. Otherwise, there 
are a few afforestation projects of 
woody growth which have done re¬ 
markably well in the tussock lands, 
principally with Monterey, Corsican, 
and Pondosa pine\s (F. radiata, P. 
laricio, and F. pondcrosa) and Euro¬ 
pean larch (Larix decidua). Here and 
there on the tawny sweeps of the grass¬ 
lands the headquarters of the “stations” 
are picked out by groves of darker 
exotic trees, especially the two most 
successful invading trees in all of New 
Zealand: Monterey pine and Monterey 
cypre'^s {Cupressus macrocarpa). 

CONCLUSION 

This has been a thumbnail sketch of 
changes in some unplowed grasslands 
associated with recent exotic invasion. 
Few generalizations can be drawn. In¬ 
deed, we should be wary of the gen¬ 
eralization “grassland,” for similar his¬ 
tories of exotic invasion have not led 
to similar changes. Where the exotic in¬ 
vasion involved a replacement of wild 
by domesticated grazing animals, the 
real change may have been small; 
where the new grazing pressure clearly 
w'as greater than before, or was virtu¬ 
ally a new phenomenon, more substan¬ 
tial changes have occurred. But, again, 
the contribution of the grazing of the 
animals, as distinct from related burn¬ 
ing or rabbit or rodent attack, has never 
been established. If there had been no 
sheep- or cattle-grazing, the exotic an- 
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nuals might still have taken over much 
of California’s original grassland, given 
the opportunity of spread by man. This 
is suggested clearly in the early adobe¬ 
dating of many of them. In New Zea¬ 
land it is entirely possible that any one 
of the new elements in the grassland 
(sheep, fire, and rabbit) alone, or any 
two in combination, might have 
achieved substantial change. The pre¬ 
cise change which, in fact, occurred as 
a result of the triple attack is doubtless 
diflFerent in kind, but not necessarily in 
degree, from what has been achieved 
by the other alternatives. And, unlike 
California, South Island retains a domi¬ 
nant perennial cover on its grassland. 

There is, we can say, no clear over¬ 
all picture of destructive exploitation 
of the grasslands; it is most nearly rec¬ 
ognizable in some parts of the New 
Zealand tussock, but even there inge¬ 
nuity may demonstrate that it was tem¬ 
porary. It can also be seen that heavy 
grazing in poor grass years anywhere 
tends to reduce the most profitable 
types of forage and may lead to some 
accelerated soil erosion and gullying. It 
is perhaps fair to assume that this was 
rare before the invasions in New Zea¬ 
land and California and can be attrib¬ 
uted to them; such an assumption is by 


no means clearly justified in the Great 
Plains. 

Man’s really significant alteration of 
the mid-latitude grasslands has oc¬ 
curred where he has destroyed and re¬ 
placed them by plowing and planting. 
The impact of culture on nature by 
grazing of unplowed mid-latitude 
grasslands has been far less than, and 
on the whole different from, what has 
generally been implied in conservation- 
al writing. These grasslands have 
changed, but they are still essentially 
grasslands, and, assuming that they 
were to be used for grazing, they are 
perhaps not seriously impaired, as yet, 
for that purpose. If they had not been 
grazed, they might have been quite 
different; in the case of New Zealand 
and California we can suggest the ap¬ 
proximate degree of that difference. 
But, if they had not been used for graz¬ 
ing, they would not have served even 
the rather minor auxiliary economic 
purpose they now serve in their general 
regional economies. Judged in terms of 
long-range economic benefits and in 
terms of technologies available in their 
less than two (in one case scarcely 
one) centuries of use, the invasions 
may have been clearly a net gain. 
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Man as a Maker of New Plants and New 
Plant Communities 


EDGAR ANDERSON" 


That man changes the face of nature 
may be noted by any casual observer; 
not even the ablest and most experi¬ 
enced scholar can yet estimate just how 
far this has reclothed the world. Whole 
landscapes are now occupied by man- 
dominated (and in part by man- 
created) faunas and floras. This process 
began so long ago (its beginnings being 
certainly as old as Homo sapiens) and 
has produced results of such complex¬ 
ity that its accurate interpretation must 
await research as yet scarcely begun. 
Though answers to many basic ques¬ 
tions remain unknown, they are by no 
means unknowable. 

The average thoughtful person has 
little inkling of this reclothing of the 
world; even professional biologists have 
been tardy in recognizing that in the 
last analysis a significant portion of the 
plants and animals which accompany 
man is directly or indirectly of his own 
making. The ordinary American sup¬ 
poses that Kentucky bluegrass is native 
to Kentucky and Canada bluegrass na¬ 
tive to Canada. A few historians and 
biologists know that these grasses 
(along with much of our meadow and 
pasture vegetation) came to us from 
Europe. The research scholar inquiring 

• Dr. Anderson is Director of the Missouri 
Botanical Garden, St. Louis, Missouri, and 
Engelmann Professor of Botany at Washington 
University, St. Louis. His worfo include: Intro- 
f^ressive Hybridization, 1949, and Plants, Man, 
and Life, 195^. 


critically into the question realizes that 
some of this vegetation was as much a 
Neolithic immigration into Europe as it 
was a later immigration into the New 
World. I.,ike Kentucky mountaineers, 
this vegetation has its ultimate roots in 
Asia and spread into Central and West¬ 
ern Europe at times which, biologically 
speaking, were not very long ago. 

It is obvious that landscapes such as 
the American Corn Belt have been 
transformed by man. Other man-domi¬ 
nated landscapes do not betray their 
origin to the casual observer. Take the 
grasslands of California, the rolling 
hills back from the coast, the oak- 
dotted savannas of the Great Valley. 
Here are stretches of what look like in¬ 
digenous vegetation. Much of this man¬ 
tle is not obviously tended by man; it 
has the look of something that has been 
in California as long as the oaks it 
grows among, yet the bulk of it came, 
all uninvited, from the Old World along 
with the Spaniards. Most of it had a 
long history of association with man 
when it made the trip. Wild oats, wild 
mustards, wild radishes, wild fennel- 
all of these spread in from the Mediter¬ 
ranean, yet over much of the California 
cattle country they dominate the land¬ 
scape. Native plants are there, even 
some native grasses, but it takes a well- 
informed botanist going over the vege¬ 
tation item by item to show how small 
a percentage of the range is made up 
of indigenous California plants. 
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For those parts of the tropics where 

plants ^row raphllv it will take careful 
research before we can have an in¬ 
formed opinion about such questions. 
Thorn scrub, savannas, bamboo thick¬ 
ets, weedy tangles of quick-growing 


They appeared along with the road, 
even though they may have moved in 
from not so far away. But how did they 
get into the spot from which they 
spread, and did pioneers or primitive 
man have anything to do with making 


trees and shrubs are knowTi to have this previous niche? This is the sort of 
covered vast areas in the last two or question we are now making the sub- 
three millenniums. Yet Standley, our ject of decisive experiments; we do not 
greatest authority on the vegetation of yet have enough results for decisive an- 
Central America, digging up a small swers. 


tree in what appeared to him to be a For microorganisms the problem of 
truly indigenous forest in the Lance- the species which travel about with 
tilla Valley, came upon a layer of pot- man staggers the imagination. Micro¬ 
sherds (Standley, 1931). What is the organisms seemingly fall into the same 
relation between the supposedly wild general categories as macroorganisms, 
avocados of such a forest and the avo- Brewers’ yeasts are as much cultivated 
cados eaten in the village that once plants as the barleys and wheats with 
covered that site? We now have van- which they have so long been asso- 
ous techniques (pollen profiles, carbon- ciated for brewing and baking. The 
14 datings, chromosome analysis, ex- germs of typhoid and cholera are quite 
trapolatcd correlates) which can give as much weeds as are dandelions or 
critical an.swers, but they are tiine-con- Canada thistles. The microorganisms of 
Sliming, and their application to such our garden soil are apparently the same 
problems has just begun. mixture of mongrel immigrants and 

The total number of plants and ani- adapted natives as our meadow and 
mals that have moved in with man to pasture plants. Soils are good or bad 
any one spot on the earth’s surface is quite as much because of the micro¬ 
way beyond what even a biologist communities they contain as because of 
would estimate until he looked into the their composition. Man’s unconscious 
problem. There are the cultivated creation of new kinds of microorgan- 
plants both for use and for display, the isms is an important part of his total 
domesticated animals, the weeds, and effect on the landscapes of the world, 
their animal equivalents such as house- Think, then, of this total composite 
flies, clothes moths, rats, and mice. A mantle of living things which accom- 
much larger class of organisms is those panics man: the crops, the weeds, the 
not purposely introduced by man, domesticated animals, the garden es- 
which are neither eyesores nor plagues, capes such as Japanese honeysuckle 
but which, like weeds, have the ca- and orange day lily, the thorn scrub, 
pacity to get along in man’s vicinity., the bamboo thickets, the English spar- 
Such are the daisies and yarrows and rows, the starlings, the insect pests, 

buttercups of our meadows. Such in a Think of the great clouds of algae, pro¬ 

sense are even those native species that tozoa, bacteria, and fungi—complex 
spread under man’s influence. Take, for communities of microorganisms that in- 
ej^mple, the sunflowers of Wyoming, habit our soils, our beverages, our 

They are certainly native to North crops, our domesticated animals, and 

America and may possibly in part be our very bodies. 

prehuman in Wyoming. They fine the If we turn to the scientific literature 
roadways yet seldom are elsewhere for an orderly summary of where these 
prominent in the native landscape, species came from and how, there is a 
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depressing lack of information. The 
crop plants and domesticated animals 
have been somewhat studied, the orna¬ 
mentals and the weeds scarcely investi¬ 
gated. Even for the crop plants one 
notes that for those which have been 
the most carefully studied—wheat 
(Aase, 1946), cotton (Hutchinson ef aZ., 
1947), maize (Mangelsdorf and Reeves, 
1938)—there is now general recognition 
that their origins, relationships, and 
exact histories are much more complex 
problems than they were thought to be 
a generation ago. In spite of these wide 
gaps in our knowledge, I believe the 
following generalizations will stand: 

1. All the major crops and most of 
the minor ones were domesticated in 
prehistoric times. Modern agriculture, 
classified solely hy the plants it uses, is 
Neolithic agriculture. 

2. For none of the major crops can 
we point with certainty to the exact 
species (or combination of species) 
from which it was derived: for some 
we can make guesses; for a number we 
can point to closely related weeds. This 
merely complicates the problem. We 
then have to determine the origin of 
the crop, the origin of the weed, and 
the history of their relationships. 

The world's knowledge of crop 
plants, in other words, does not tell us 
very much. All we know is that we are 
dealing with man's effects on certain 
plants in the Neolithic or before. Yet 
for weeds and ornamental plants even 
less is known. A few general observa¬ 
tions may be offered, parenthetically, 
about their origins. 

1. We can now point to crops which 
are definitely known to have been de¬ 
rived from weeds. For instance, rye as 
a crop originated from a grainfield 
weed (Vavilov, 1926). As barley and 
wheat spread farther north onto the 
sandy Baltic plain, the weed gradually 
replaced the crop. The origin of rye as 
a weed is a far older and more complex 
problem. Stebbins and his students are 


far enough into it to tell us that il is a 
story with several chapters, most oi 
them unsuspected until recently. 

2. We can point to weeds which 
originated from crop plants. The bam 
boo thickets that cover whole rnoun 
tainsides in the Caribbean came from 
cultivated bamboos. It now seems much 
more probable that teosinte the weed 
was derived from maize the crop than 
that maize was derived from teosinte. 

3. Crop plants and their related 
weeds frequently have a continuing ef¬ 
fect upon each other. We have docu¬ 
mented evidence of weeds increasing 
their variability by hybridizing with 
crop plants and of crop plants con¬ 
sciously or unconsciously improved 
through hybridization with weeds. 
These processes recur repeatedly in the 
histories of weeds and crop plants. For 
wheat it is clear that a minor grain was 
in very early times built up into one of 
the world's great cereals through the 
unconscious incorporation of several 
weeds from its ovm fields (Anderson, 
J952, pp. 57-64). 

As a whole, ornamentals (though lit¬ 
tle studied as yet) provide the simplest 
keys and the clearest insights into the 
basic problems of domestication of any 
class of plants or animals. Some have 
been domesticated within the last cen¬ 
tury, the African violet, for instance, 
but are already distinct from the spe¬ 
cies from which they arose. Such recent 
domesticates provide unparalleled ex¬ 
perimental material for determining 
what happens to the germ plasm of an 
organism when it is domesticated. 
Others of our garden flowers originated 
in prehistoric times. They seem to have 
been associated with magic and cere¬ 
mony; some of them may have been 
with us for as long or even longer than 
our crop plants. Take woad, Isatis tine- 
toria, now known only as a garden 
flower, though it persisted as a com¬ 
mercial dye plant until Victorian times 
(Hurry, 1930). When Caesar came to 
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Britain, he found our semisavage an¬ 
cestors using it to paint their bodies. 
There are various other ornamentals 
(Bixa, Arnaranthus, Hclianthus) whose 
earlier associations were with dyes and 
body paints. Which is older, agriculture 
or body painting? 

The cultivated grain amaranths 
(known to the Western world mainly 
through such bizarre late-summer an¬ 
nuals as love-lies-bleeding) demon¬ 
strate that we shall be in for some rude 
shocks when we make serious studies 
of these apparently trivial plants. J. D. 
Sauer found (1950) that this whole 
group was domesticates, divisible into 
several different species, none of which 
could be ecpiated to any wild ama¬ 
ranth; that th(' whole group was of 
American origin; and that the varieties 
cultivated .since ancient times in Kash¬ 
mir, China, and Tibet were not (as had 
previously bc'en taken fcjr granted) de¬ 
rived from Asiatic amaranths. They are 
instead identical with those cultivated 
by the Aztecs and the Incas. 

It is now becoming increasingly clear 
that the domestication of weeds and 
cultivated plants is usually a process 
rathc'r than an event. None of them 
rose in one leap from the brain of 
Ceres, so to speak. The domestication 
of each crop or weed went on at various 
times and places, though by bursts 
rather than at a regular rate. For many 
it still continues. Our common weed 
sunflowers, for c'xample, are at the mo¬ 
ment being bred into superweeds. In 
California, by hybridization with a rare 
native sunflower, these weeds are in¬ 
creasing their ability to colonize the 
Great Valley (Reiser, 1949). In Texas 
(Reiser, 1951), by similar mongreliza- 
tions wit)I two native species, they are 
adapting themselves to life on the 
sandy lands of the Gulf Coast ( see 
Figs. 150-152). 

The story of the American sunflowers 
is significant because it demonstrates 
the kinds of processes which went on 


in the Stone Age and before, when our 
major crops were domesticated. It is 
because the domestication of weeds 
and cultivated plants (using the word 
“domestication’* in its broadest sense) 
is a continuing process that it came to 
my professional attention. Thirty years 
ago I started out to study (and if pos¬ 
sible to measure) such evolution as 
was still going on. As I analyzed exam¬ 
ple after example, the fact became in¬ 
creasingly clear that evolutionary activ¬ 
ity is concentrated in (though by no 
means confined to) disturbed habitats— 
to times and places where man’s inter¬ 
ference with the prehuman order of 
things has been particularly severe. 
Post-Pleistoccne evolution, it seems, 
has been very largely the elaboration 
of weedlike plants and animals. 

Now why should this be? What is 
there about the presence of man that 
stimulates his plant and animal com¬ 
panions into increased evolutionary ac¬ 
tivity? A growing body of observation¬ 
al and experimental data bears directly 
upon that question; rather than sum¬ 
marizing it, let me describe in consider¬ 
able detail one particularly illuminating 
example. It concerns the hybridization 
of two Galifornia species of wild sage, 
Salvia apiana and S. mellifera. They 
have been meticulously studied by Ep- 
ling—in the field (1947), the herbar¬ 
ium (1938), the laboratory, and the 
experimental plot (Epling and Lewis, 
1942). Burton Anderson and I (1954) 
have made an exhaustively detailed 
analysis of the variation pattern of sev¬ 
eral populations, confirming and ex¬ 
tending Epling’s conclusions. 

These two species of sage are so un¬ 
like that any ordinary amateur would 
immediately recognize them as radical¬ 
ly different plants; only an occasional 
botanist would see that they are really 
quite closely related and that their dif¬ 
ferences, though conspicuous, are su¬ 
perficial. This was what first drew Ep- 
ling’s attention to them. He found that 



Man as a Maker of New Plants and New Plant Communities 767 


they hybridized readily when artificial¬ 
ly cross-pollinated. The hybrids grew 
vigorously in an experimental plot and 
were fertile enough to produce abun¬ 
dant and variable offspring. In spite of 
this fertility, hybrids were ordinarily 
not found in nature or occurred mainly 
at spots where the native vegetation 
had been greatly altered by man’s activ¬ 
ities. Yet on the rocky slopes where 
they were native, these two kinds of 
sage frequently grew intermingled. 
Burton Anderson and I worked with 
samples of wild populations of both 
species so intensively that eventually 
we could distinguish between mon¬ 
grels, seven of whose great-grandpar¬ 
ents were from one species and one 
from the other, and plants with all 
eight grandparents from one species. 
With this yardstick we learned that, 
though the plants on the mountainside 
were prevailingly of one species or the 
other, yet along the pathway from 
which we collected them we could find 
a few mongrels. These were mostly 
plants closely resembling typical Salvia 
nicllifera but showing slight indications 
of S. apiana in one character or another. 
Apparently the very rare hybrids which 
Epling had found were not completely 
without issue. Some of them had 
crossed back to S. mellifcra, and, of 
these three-quarter bloods, a few of 
those similar to the recurrent parent 
had been able to fend for themselves. 

At one point along the path we found 
conspicuous hybrids resembling those 
produced by Epling; careful investiga¬ 
tion of this area gave us new under¬ 
standing. With repeated visits we grad¬ 
ually realized that these bizarre mon¬ 
grels were limited to a definitely cir¬ 
cumscribed plot having a greatly al¬ 
tered habitat. It was at a point where 
the trail swung down along the slope. 
Originally a forest of live oaks had 
abutted on the rocky, sunny slopes 
where the salvias grow. The oaks had 


been cut and a small olive orchard 
planted and then abandoned—aban¬ 
doned so long ago that native plants 
had flowed in and the whole site looked 
quite natural. A collection of salvias 
made exclusively from among the olives 
was almost entirely hybrids and hybrid 
descendants. Though the bulk of the 
plants looked somewhat like Salvia 
apiana, there was not a single plant 
which in all its characters agreed exact¬ 
ly with the apianas outside this plot. 
Furthermore, they resembled artificial 
backcrosses in that their differences 
from apiana were all in the direction 
of S. rnellifera. These ‘‘suh-apianas” 
graded into plants closely resembling 
the first-generation hybrids raised by 
Epling. There were a few “sub-mcMif- 
cras^ similar to those we had detected 
along the pathway on the mountainside 
and a few plants which on our index 
scored as typical melliferas. However, 
in the field none of them looked quite 
average. Dr. Anderson and I had to 
work in St. Louis on pressed and 
pickled material previously collected in 
California. Had we been able to go 
back and add characters such as flower 
color and flower pattern to our battery 
of measurable differences between S. 
rnellifera and S. apiana, I believe we 
could have demonstrated that the en¬ 
tire plot was colonized with hybrids 
and mongrels, most of them first or sec¬ 
ond or third backcrosses from the orig¬ 
inal hybrids to one or the other species. 

These results indicate that hybrids 
are being constantly produced on this 
mountainside, but one does not ordi¬ 
narily find them, because there is no 
niche into which they can fit. The na¬ 
tive vegetation had a long evolutionary 
history of mutual adaptation. Plants 
and animals have gradually been se¬ 
lected which are adapted to life with 
each other like pieces of a multidimen¬ 
sional jigsaw puzzle. It is only when 
man, or some other disruptive agent. 
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upsets the whole puzzle that there is iy now environiiient, however, then* 
any place where something new and may be a chance for something new to 
different can Bt in. If a radical variant succeed, furthermore, the hybrids and 
arises, it is shonldcred out of the way their mongrel descendants were not 
before it reaches inaturitv. In a radical- only something new; they varied great- 
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Figs. 150, 151, and 152.—A diagrammatic and greatly simplified demonstration of the extent 
to which the domestication of the sunflower as a cultivated plant and its development as a weed 
are processes rattier than events. Data from Heiser (1949, 1951) and personal communications 
and from my own observations. The history of the cultivated sunflower, complicated though it is 
shown to be, will be simpler than tliat of most cultivated plants when these histories have been 
worked out in accurate and documented detail. Various complications have been ignored alto¬ 
gether to keep the diagram intelligible, as, for instance, the continuing intercrossing between 
the “camp-follower'’ weed and the cultivated ornamental and field-crop sunflowers. 

Fig. 150.—Annual species of North American sunflowers as presumed to have existed in pre¬ 
human times: (J) H^ianthus exilis, a highly localized endemic in the serpentine areas of Cali¬ 
fornia; (2) H. petiolaris on bare sandy areas in the western Great Plains; (3) II. annuus in playas 
and other raw-soil habitats of the southwestern deserts; (4) H. argophyllus on the sands of the 
Texas coastal plain; and (5) H. debilis in Florida and Texas. 

Fig. 151.—H 3 ^othetical origin of the North American sunflower as a weed and as a cultivated 
annual in pre-Columbian times. In the areas where annuus and petiolaris had begun to introgress, 
this process is being unconsciously accelerated by the activities of early man. 

Fig. 152.—Spread of annual species of North American sunflowers in modern times. In the 
Great Plains extensive introgression of annuus and petiolaris produced the Great Plains race of 
Helianthus annuus, which has spread eastward through the prairies as a somewhat weedy native. 
The camp-follower weed (sometimes mixed with Great Plains annuus) has spread as a weed 
throughout the East and to irrigated lands in the West. In California, by extensive and continuing 
introgression with exilis, it has created the semiweedy H. holanderi, which is still actively spread¬ 
ing. Similarly on the sands of the Texas coast and the Carrizo ridge, H. argophyllus is intrognjss- 
ing actively with H. annuus to produce weedier strains. Over an even wider area in Texas ex¬ 
tensive introgression of annuus, petiolaris, and cucumerifoUus is producing a coastal plain weed 
sunflower which is actively spreading along the coast. In spots it has already reached the North 
Carolina coastal plain. Eventually this will react actively with H. debilis var. debilis, breeding 
a superweed for the American Southeast but, fortunately, a not unattractive one. The Texas and 
California phenomena have already been documentated by Heiser (1949, 1951), and research 
on other facets of the problem is going forward rapidly. 
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ly among themselves. If one of them 
would not fit into the stiange new habi¬ 
tat, another might Though virtually all 
of them had been at a selective disad¬ 
vantage on the mountaijiside, a few of 
them (aided and abetted no doubt by 
the vigor which is characteristic of 
these and many otlier hybrids) were 
now at a selective advantage. They 
consequently flowed in and occupied 
the old olive orchard to the virtual ex¬ 
clusion of the two original species. 

FurtheriTiore, to take up an impor¬ 
tant fact about which biology as yet 
knows very little, the habitat among 
the olives was not only something new; 
it was open. It was not full of organ¬ 
isms which had been selected to fit to¬ 
gether. Remember that for the moun¬ 
tainside, on those rare occasions where 
a first-generation hybrid plant had been 
able to find a foothold, virtually none 
of its highly variable descendants was 
able to persist. Such species crosses can 
father hundreds if not thousands of dis- 
tinguishably different types of mongrel 
descendants. Only along the pathway 
had any of these been able to find a 
place for themselves and then only 
those which diffc^red but slightly from 
Salvia tnellifcra. Hybridization docs not 
advance in closed habitats. 

The plants in the olive orchard had 
no such history of long association. The 
olives were new to California. The so¬ 
cieties of microorganisms in the soil 
were originally those which go with 
live oaks, not those accompanying the 
salvias on the sunny slopes. These must 
have been greatly changed during the 
time the olives were cultivated. Fur¬ 
thermore, the olives, being planted at 
considerable distances, from each other, 
did not re-create either the fairly con¬ 
tinuous shade of the oaks or the open 
sunshine of the upper slopes. The or¬ 
chard became the site for evolutionary 
catch-as-catch-can, and under these cir¬ 
cumstances, as we have seen, the new 
and variable had a decisive advantage. 


the Face of the Earth 

Now that we know this much about 
these salvias, it would be interesting to 
work e.xperimentally with them and the 
species with which they are associated 
to determine just what factors allow 
two different hut closely related species 
to lit together with their associates so 
perfectly that all hybrid intermediates 
are excluded. From c^xperience with 
other similar problems I should pre¬ 
dict that among the most important 
factors would be fairly specific reac¬ 
tions between some of the other asso¬ 
ciat'd plants and these two sages. In 
our experimental work with sunflowers 
we have discovered that one of the 
strongest factors in determining where 
weed sunflowers may or may not grow 
is their reaction to grass. Many grasses 
apparently give off a substance highly 
toxic to weed sunflowers. The various 
species of weed sunflowers differ in 
their sensitivity to this poison. When 
two such sunflowers hybridize, one of 
the factors affecting the outcome is the 
grassiness of the site. Such relationships 
seem to be very general among plants. 
On the whole, many species grow 
where they do, not because they really 
prefer the physical conditions of such a 
site, but because they can tolerate it 
and many other organisms cannot. 

Generally speaking, the plants which 
follow man around the world might be 
said to do so, not because they relish 
what man has done to the environment, 
but because they can stand it and most 
other plants cannot. 

Arc these salvias weeds? I would put 
forward the working hypothesis that 
those in the abandoned olive orchard 
arc on the way to becoming weeds. The 
.small exceptional communities of hy¬ 
bridizing colonics similar to this one, 
which can be found here and there over 
southern California, are worth consider¬ 
ably more attention than they have 
hitherto received. They demonstrate 
the way in which man, the great weed- 
breeder, the great upsetter, catalyzes 
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the formation of new biological entities 
by producing new and open habitats. 

The Salvia case is not unique. We 
now have over a score of similar well- 
documented studies of the connection 
between hybridization and weedy, dis¬ 
turbed habitats. This relationship had 
long been known to observant natural¬ 
ists, though not until the last few dec¬ 
ades was its significance stressed or ex- 
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perimental work undertaken. One vitlier 
example demonstrates the role of man’s 
operations on the habitat. Riley (1938) 
studied the hybridization of two species 
of Iris on the lower delta of the Missis¬ 
sippi in a neighborhood where the 
land-use pattern had produced some¬ 
thing as demonstrable and convincing 
as a laboratory experiment (Anderson, 
1949; see Fig. 153). Property lines ran 



Fig. 153.—a demonstration of man's unconscious role in creating new plants. (From Riley, 
1938.) At the far right one of the minor bayous of the lower Mississippi Delta. At right angles 
to it and running nearly across the figure is the abandoned channel of a former stream, now 
drained by a ditch. The natural levees of the stream are slightly higher than the Surrounding 
country. Their sharp inner edges are indicated on the map by hachures. The road has been run 
along the lower levee, and houses have been built along the opposite one. The property lines 
(as in many old French settlements) produce a series of long narrow farms, which for our pur¬ 
poses serve as so many experimental plots. Each farm has its house on a low ridge with a long 
entrance drive connecting it across a swale to the public road on the opposite ridge. The farms 
(including a score of others which are out of sight to the left of the figure ) were originally essen¬ 
tially similar. At the point where the ditch joins the bayou is a large population of Iris hexagorta 
gigantUcaerulea, Behind the levee on which the houses were built, /. fulva grows on the lower 
ground as well as farther upstream along the ditch. The key fact to be noted is that the hybrids 
are on only one farm, that they are abundant there, and that they go up to the very borders of 
the property on either side. Nature is evidently capable of spawning such hybrids throughout 
this area, but not until one farmer unconsciously created the new and more or less open habitat 
in which they could survive did aiw appear in this part of the delta. (See Anderson, 1949, pp. 
1—11, 94—98, for a more complete discussion.) 
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straight back from the river; the farms 
were sniaJJ, only a few hundred yards 
wide, and very narrow. Under these 
conditions it was easy to see that the 
hybrids between these two irises were 
virtually limited to one farm. They 
grew in a swaJe which crossed several 
of the farms, yet were nearly all on one 
mans property. On his farm they went 
right up to the fences and stopped, and 



I. fulva 


hexagono giganti-caerulea 
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tramping about in wet weather, turned 
the swale into more of a quagmire than 
existed on any of the 
farms. They had at length p: need an 
open environment in which the pasture 
grasses were at a disadvantage and the 
resulting hybrid swarm of irises at a 
very real advantage. Hybrids in various 
patterns of terra cotta, wine, purple, 
and blue flooded out into this swale un¬ 
til it had almost the appearance of an 
intentionally created iris garden. 

Though Riley never published the 
sequel, it might be inserted here, paren¬ 
thetically, since it points up some kind 
of a moral. The farmer himself did not 
remove the irises, even though they in¬ 
terfered seriously with the carrying ca¬ 
pacity of his pasture. The irises were 
conspicuously beautiful, and garden- 
club members from New Orleans dug 
them up for their gardens, at so much 
per basket, until they were eventually 

9 /\ ( 4)0 exterminated. The hybridization which 

f j \^1 nature began in this and other pastures 

\ / ■ \ / around New Orleans has been con- 

V W li tinned by iris fans. These Louisiana 

irises are now established as cultivated 
plants both in Europe and in America. 
Until the arrival of the garden-club 
ladies, they were nascent weeds (Fig. 
154). 

A little reflective observation will 
show that the ways in which man cre¬ 
ates new and open habitats, though 
various, can mostly be grouped under 
a few headings: (1) dumps and other 
high nitrogen areas; (2) pathways; (3) 
open soil; (4) burns. The last is prob¬ 
ably the oldest of his violent upsettings 
of the natural order of things. It must 
have stimulated evolutionary activity 
very early-whole floras or certainly 
whole associations must have come to a 
new adjustment with it here and there; 
fire should be, of all man's effects upon 
evolution, the most difBcult to analyze. 
Until valid experimental and exact his¬ 
torical methods deal with this problem, 



Hybrids 

Fig. 154,— Sepals and petals of some hybrids 
of Iris hexagona giganti-caerulea and 1. fulva 
somewhat diagrammatic but accurately to scale. 
In each case the sepal (the so-called “fall*" of 
iris fanciers) is shown to the left; the petal, 
‘‘standard," to the right. I. fulva has small lax 
terra cotta sepals and petals. I. hexagona gigan- 
ti-cacrulca has large crisp petals and sepals of 
bright blue. The sepal has a brilliant yellow sig¬ 
nal patch (shown in black) surrounded by a 
white area (shown by stipples) shading off into 
the blue. Note that in the various hybrids the 
small sized flowers (characteristic of I. fulva) 
tend to be associated with the lack of a white 
area (another fulva characteristic). Note the 
variability of the hybrids. In color they varied 
from deep wine to very pale, light blue. 


this could be demonstrated at either 
side of his property. Unlike his neigh¬ 
bors, he had kept the swale heavily 
pastured. His cattle had held in check 
the grasses which are serious competi¬ 
tors of swamp irises. They had also. 
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it inevitably must spawn more polemic 
activity than scientific analysis. 

In contrast to fire, the creation of 
open-soil habitats as a really major hu¬ 
man activity belongs much more to the 
age of agriculture and industry than to 
prehistory. It may be that is why it 
seems to be the simplest to analyze. In 
Europe and eastern North America, in 
the humid tropics and subtropics, open 
soil—bare exposed earth—is scarcely 
part of the normal nature of things. 
Most of the flora truly native to these 
areas cannot germinate in open soil or, 
having germinated, cannot thrive to 
maturity. Make a series of seed collec¬ 
tions from wild flowers and forest trees 
and plant them in your garden just like 
radishes or lettuce. You will be amazed 
to learn how small a percentage of 
them ever comes up at all. Make simi¬ 
lar collections from the weeds in a va¬ 
cant lot or from the plants (wanted 
and unwanted) of your garden. Nearly 
all of them will come up promptly and 
grow readily. Where did these open- 
soil organisms come from in the first 
place, these weeds of gardens and 
fields, these fellow-travelers which rush 
in after the bulldozer, which flourish 
in the rubble of bombed cities? Well, 
they must have come mostly from pre¬ 
human open-soil sites. River valleys 
did not supply all of them, but rivers 
are certainly, next to man, the greatest 
of weed-breeders. Our large rivers plow 
their banks at floodtimes, producing 
raw-soil areas. Every river system is 
provided with plants to fill this peculiar 
niche; all those known to me act as 
weeds in the uplands. One of the sim¬ 
plest and clearest examples is our com¬ 
mon pokeweed, Phytolacca americana, 
native to eastern North America. It will 
be found growing up abundantly in the 
immediate valleys of our major rivers 
(Sauer, 1952; see Fig. 155). On the up¬ 
lands it is strictly limited to raw soil, 
though, once established in such a hab¬ 
itat, it can persist vegetatively for a 


long time while other kinds of v( g; ta 
tion grow up around it. Being attrac¬ 
tive to birds, its seeds are widely scat¬ 
tered. I remember, from my Michigan 
boyhood, how pokeweed came in when 
a woodland near our home was luin 
bered over. We had never noticed this 
weed in that community, but the birds 
had been planting it wherever they 
roosted. When the felling of the big 
oaks tore lesser trees up by the roots, 
pokeweed plants appeared as if by 
magic for the next few years in the new 
craters of raw soil. Man and the great 
rivers arc in partnership. Both of them 
are upsetters. Both of them breed 
weeds and suchlike organisms. The 
prehuman beginnings of many of our 
pests and fellow-travelers are to be 
sought in river valleys. River valleys 
also must have been the ultimate source 
of some of the plants by which we live: 
gourds, squashes, beans, hemp, rice, 
and maize. 

The examples of the salvias and irises 
show how quickly evolution through 
hybridization can breed out something 
new and different under man's catalytic 
influence. What we should most like to 
know is the extent to which weeds and 
suchlike organisms, created or at least 
extensively modified through man's in¬ 
fluence, are built up into whole associa¬ 
tions. It is clear that such things can 
happen; the maqui vegetation of the 
Mediterranean, the shihlydk and karst 
vegetation of the Balkans, the carhdn 
scrub of Central America, are obvious¬ 
ly very directly the results of man's in¬ 
terference. One would like to analyze 
the dynamics of these associations. We 
must do so if man is to understand his 
own past or to be the master of his own 
future. For such purposes we need 
ways of studying vegetation which are 
analytical as well as merely descriptive 
—methods not based upon preconceived 
dogmas. I should like to suggest that 
the methods used in analyzing the Iris 
hybrids and the Salvia hybrids, if com- 




Fio. 155.-Occurrenoe of pokeweed in two different habitats. Pokeweed (Phytoiaoco 
cana) is an example of a secies which is apparently native in the open d^ 

rivers but a weed to the ofSn soff of disturbed habitats. Map /rom Sauer 1952.) dote 

xoDresent single plants. Liarge dots represent five plants. It will b ji n ^ j j 

to fv^^^tote diffJent ktods^of habitatsi in the raw soil of j 

on the immediate banks of the river and as a weed around farm buildings, gardens, and 
the like. (See Sauer, 1952, for further details and discussion.) 
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bined with other experimental tech¬ 
niques, would allow us to get a long 
way into these problems. Let me illus¬ 
trate what I mean by describing some 
recent studies of Adenostoma, a fire- 
resistant shrub, which is a common 
component of the California chaparral 
(Anderson, 1954). 

Between the Great Valley and the 
Pacific Coast, Adenostoma fasciculatum 
is one of the commonest shrubs in the 
California landscape. Noting that it 
varied conspicuously from one plant to 
the next, I made collections of it near 
Palo Alto and applied to them the 
methods of pictorialized scatter dia¬ 
grams and extrapolated correlates. The 
details of these techniques need not 
concern us here, since they have been 
adequately published elsewhere, both 
in technical journals and in books for 
the intelligent public. They allow us 
(through a meticulous examination of 
variability in such mongrel complexes 
as the salvias of the abandoned olive 
orchard) to determine precisely the 
good species (or subspecies or varie¬ 
ties) from which these complexes must 
ultimately have arisen. Furthermore, 
though it takes considerable hard work, 
these methods can be used successfully 
by one with no previous knowledge of 
the organisms or of the faunas and 
floras from which they may have come. 

Using these methods, I have shown 
that the common Adenostoma fascicu- 
latum of coastal California arose from 
the hybridization of two very diflFerent 
adenostomas. One of these was A. fascic¬ 
ulatum var. obtusifolium, a low-grow¬ 
ing shrub of the headlands and islands 
along the California coast. The other is 
now found in its purest form in the 
Mother Lode country of the Sierra foot¬ 
hills, a tall, branching shrub which, 
when in flower, somewhat resembles a 
small-leaved white lilac. Each of these 
had its own contributions to make to 
life in coastal California. The coastal 
shrub brought in a tolerance of bril¬ 


liant sunlight and the ability to grenv in 
thin, rocky soil. However, it was ac(.\is- 
tomed to fog and drizzle even during 
the dry season. The inland form could 
go months without a drop of water, but 
it is used to deeper soil and to less ex 
treme radiation. When these two cen¬ 
ters of variation had been identified, it 
was easy to demonstrate that the com¬ 
mon Adenostoma is a great, plastic, hy¬ 
brid swarm, including approaches to 
these two extremes and many inter¬ 
mediates between them. On dry, rocky 
ridges in sites which are frequently 
foggy, one finds plants very close to the 
island extreme. On deeper soils and in 
the shade of small oaks are bushes 
scarcely different from those of the 
Mother Lode country. Around old 
ranch buildings and in other peculiar 
habitats one finds strange and bizarre 
recombinations of various sorts. 

Just as these studies came to a close 
and it was time for me to leave Cali¬ 
fornia, I realized that many of the other 
plants in the chaparral association were 
similarly variable. There were swarms 
of hybrid oaks and hybrid ceanothus 
and hybrid manzanitas. The entire 
association seemed to be in a state of 
flux. Unlike the coastal sages which I 
had studied in southern California, 
there was room for hybrid recombina¬ 
tions within the association itself. The 
entire chaparral seemed to be ecologi¬ 
cally in the same general class of dis¬ 
turbed habitat as the abandoned olive 
orchard. 

I do not wish to jump to conclusions 
from one small experiment. I would 
merely suggest that these methods are 
appropriate for the analysis of such 
problems, particularly if combined with 
experimental work (for instance, the 
removal of a single specie or species 
complex from a small area using mod¬ 
em herbicides followed by measure¬ 
ment of the effect of this removal on 
the other complexes in the association). 
Here is a field in which we could very 
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rapidly get down to some of the basic 
principles concerning closed versus 
open habitats. In iny opinion, the <te- 
gree to which such a.ssociations as the 
California chaparral are man-made is a 
better subject for study than for de¬ 
bate. They have certainly been greatly 
affected by man. To learn to what de¬ 
gree, I should prefer to look for more 
facts rather than to listen to more opin- 
ions. 

Even among biologists there has 
been a strong tendency to avoid such 
problems—to study the plants and plant 
associations of mountaintops and jun¬ 
gles rather than those of dooryards and 
gardens, to think of plant and animal 
communities as they must have been in 
some blissfully innocent era before the 
advent of man. It seems to me far 
healthier and far more logical to accept 
man as a part of nature, to concentrate 
one's attention as a naturalist on man's 
activities, since he is the one species in 
the world we most nearly understand. 

It is because we know from inside our¬ 
selves the problems in which man is 
deeply involved that we appreciate 
their bewildering complexity; experi¬ 
ments with laboratory insects would 
not seem so beautifully simple if we 
knew as much about them as we do 
about man. The population genetics of 
garbage-pail flies (Dobzhansky, 1949) 
would appear more complex if we un¬ 
derstood from within what it is like to 
be a Drosophila. The apparently stand¬ 
ardized environment of flour in a bottle 
(Park, 1938) would not seem undiflFer- 
entiated to any investigator who had 
once been a flour beetle and who knew 
at firsthand the complexities of flour- 
beetle existence. Imagine a non-human 
investigator of human populations re¬ 
cently arrived from Mars. What could 
he understand of the relationships of 
Catholics and Protestants? How long 
would it take him to discover that, 
though most of the shortest girls in 
New York City get married, the very 


tallest seldom do? Having discovered 
this phenomenon, how much longer 
would it take him to understand it? 
When we attempt to work with labora¬ 
tory insects, our ignorance of their so¬ 
cial complexities makes them seem far 
simpler material than they really are. 

I must confess that when, from being 
a student of variation in natural popu- 
Jahons, I was of necessity led to being 
a student of mans upsetting effects on 
his environment, my own thinking was 
too much colored by this attitude. Only 
gradually did I come to realize that, 
though man is now the world s great 
upsetter, he is not the first. There were 
others before him, and they played a 
similar role in evolution. Stebbins and 
I have recently suggested (1954) that 
the great bursts of evolutionary activity 
in the past, the times of adaptive radia¬ 
tion, were caused by such upsets. The 
formation de novo of a great fresh¬ 
water lake such as Lake Baikal pro¬ 
duced a new and open habitat in which 
the organisms from various river sys¬ 
tems could meet and mongrelize and, 
under the hand of selection, evolve as 
rapidly into new paths as did the sal¬ 
vias in the abandoned olive orchard. 
What must have happened when the 
first land vertebrates at last arrived on 
continents whose vegetation had no ex¬ 
perience of such beasts? What occurred 
when the giant reptiles of the Meso¬ 
zoic churned like gigantic bulldozers 
through the ferny swamps of that 
period? Must not the plants of those 
periods have gone through the same 
general experiences as are now facing 
the adenostomas of the California 
chaparral? 

Man has been a major force in the 
evolution of the plants and animals 
which accompany him around the 
world, in the midst of which he largely 
spends his days. The detailed study of 
tlfls process (1) should illuminate for 
us the course of evolution in prehuman 
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times; (2) should be as well one of our should enable us at last to under / avul 
truest guides to the history of prehis- and eventually to control the iiv i 
toric man; (3) most importantly, world around us. 
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Man’s Ecological Dominance through 
Domesticated Animals on Wild Lands 

F. FRASER DARLING" 


The subject of man as an ecologicaJ 
dominant might seem an easy one for 
an ecologist to elaborate. It is too easy, 
in that a library of books could be writ¬ 
ten. My task is to set down in a few 
thousand words a pivot for discussion 
and, at the same time, something of a 
reasoned statement. Everyone is well 
aware of the manifestations of man as 
an ecological dominant, and my wish in 
this chapter is to cut in on an aspect of 
man’s dominance which is not neces¬ 
sarily intentional, which takes a long 
time to develop its expression, and 
which is not always conspicuous in 
process, so that its influence is often un¬ 
appraised in both biological and ad¬ 
ministrative assessments in land-use 
policy and socioanthropological dehbcr- 
ation. 

My main theme is pastoralism over 
wild habitats, a mode of land use which 
would appear to have developed later 
in human history than cultivation of 
food plants. Pastoralism may have 
arisen primarily not as a means of keep¬ 
ing food animals constantly available 
but as a means of getting game—with 
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a few tame animals being kept as de¬ 
coys. For example, the domestic rein¬ 
deer was almost certainly developed in 
this way. True pastoralism of ungulate 
animals and breeding them in semi¬ 
captivity are obvious steps from the de¬ 
coy stage. At this point man emerges 
from the hunting and food-gathering 
stage in which he is not an ecological 
dominant, though he may be apical in 
an Eltonian pyramid. Man’s persistence 
ill any chosen habitat as a hunter and 
food-gatherer depends upon his not be¬ 
coming an ecological dominant; other¬ 
wise he changes or destroys his habitat, 
which would mean either changing his 
culture—on which point he is in general 
conservative—or migrating. 

By the very nature of the hunting and 
food-gathering life in which man is 
apical in the pyramidal structure of 
numbers and at the end of the food 
chain, sociality is limited and may not 
extend beyond the family, though, as 
we see in Eskimos and American In¬ 
dians, there may be seasonal gathering 
at a chosen spot for a short period. But 
the human being has a definite urge to 
be social beyond the very small group, 
and to this end man has developed 
methods of exploitation of the habitat 
which have enabled him to aggregate, 
to be gregarious, and ultimately to civi¬ 
lize. This involves what I think may be 
taken as axiomatic—that man advances 
materially and ultimately in his civiliza¬ 
tion by breaking into the stored wealth 
of the world’s natural ecological cli- 
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maxes. The process gives him leisure 
much needed for the art of civilizing. 
The ecological climax, as opposed to 
earlier stages of succession, is a conserv- 
er of energy, wasting very little; rather 
it builds up a store of wealth within the 
ecosystem. Man the climax-breaker is 
on the way to being an ecological domi¬ 
nant—-a very profound change in human 
behavior, vividly brought to mind by 
Nietzsche's symbolism of the Dionysian 
and the Apollonian man. Instead of liv¬ 
ing with nature, man takes himself out 
of the biotic community and thereafter 
is involved in the fight against nature— 
a fight in which he has become danger¬ 
ously successful. 

In ecological terms, cultivation of 
cereal food plants consists of setting 
back the course of succession to a pri¬ 
mary stage and of growing a stand of 
one plant of annual, or at most biennial, 
character. Early methods involved shift¬ 
ing cultivation, but there can be no 
doubt that much greater gregarioiisness 
was made possible as a result. A definite 
store of plant nutiients was tapped by 
man's traumatic impact on the environ¬ 
ment. It might well be said that at this 
early stage man's influence on his whole 
environment was to enrich it by increas¬ 
ing its variety and by providing suc- 
cessional habitats which might not 
otherwise have occurred except through 
the natural catastrophic agencies of fire 
and hurricane. Man's numbers were in¬ 
sufficient to cause devastation, and ex¬ 
port of organic products must have been 
so limited as to be negligible. 

Man the pastoralist would appear to 
be doing very little to change the habi¬ 
tat in any area of what might seem to 
him to be grazing country. The grazing 
of wild lands is often called a natural 
use of land. But pastoralism means that 
animals are in proximity to and avail¬ 
able to man where and when he wants 
them, and this usually means that more 
animals are on the ground and for a 
longer time than they would be in na¬ 


ture. As we understand it, pastoritlism 
means domestication of animals, ii 
process which slows down natural 
movement and largely removes the de¬ 
sire for extended fortuitous migration 
Some cultures, such as the Reindeer 
Lapps and the western Asiatic tribes, 
evolved a definite migratory pastoralism 
of animals native to the terrain (e.g., 
reindeer, sheep, goat, and camel). Tlie 
South American Indians of the Alti- 
plano did much the same with the 
llama. The habitat has persisted. 

Truly wild pastoralism is best typified 
by the Plains Indians and the bufiFalo of 
North America. The native animal, the 
buffalo, was allowed to go its own way 
undomesticated, and the tribes followed 
it as predators. But they were not only 
predators and therefore of the early 
hunting and food-gathering type. They 
were wild pastoralists who extended the 
range of the buffalo by deliberate burn¬ 
ing of the forest edge, which receded. 
As Sauer has shown and repeats in his 
chapter (p. 55), the postulated climatic 
origin of grassland areas is not a satis¬ 
factorily authenticated hypothesis. We 
now know that the Plains Indians very 
considerably extended the prairies in 
historical times. The use of fire changed 
the vegetational character of the land 
and produced certain graminaceous 
dominants in the herbage complex. To 
this extent, the Plains Indians, who 
should be classed as wild pastoralists 
rather than as hunters and food-gather¬ 
ers, became ecological dominants. 

Now edges, whether of thought or of 
country, are revealing places for the in¬ 
quirer, and, in the example of wild pas¬ 
toralism we have been considering, 
parts of Wisconsin show vividly the ad¬ 
vance and regression of the Plains In¬ 
dian and the buffalo. Wooded hills are 
once more apparent where wooded 
hills were before; this time the trees are 
of even age, dating exactly to the time 
of the recession. 

The prairie chicken also extended its 
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range with the buffalo, to the limit of 
the bird*s range, one may suspect, for 
it is fast receding in Wisconsin; and its 
behavior there is incomplete as com¬ 
pared with its type habitat of, say, Mis¬ 
souri. The white man's farming in Wis¬ 
consin perhaps gave the prairie chicken 
a longer hold on a man-dominated hab¬ 
itat; but, in those areas where farming 
is being given up, the prairie chicken is 
declining. The spruce grouse will return 
to its own. It is, of course, interesting 
to speculate to what extent that exotic 
animal, the horse, made possible the ex¬ 
tended wild pastoralisin of the Plains 
Indian and enabled him to be the eco¬ 
logical dominant he was. The Indian 
became faster than his quarry and gave 
up his safety-holds in forest-edge agri¬ 
culture; he became a specialist, and, 
when that further ecological dominant, 
the white man with his plow, came to 
the prairies, the specialized wild pas- 
toralist was unable to adjust, and his lot 
has been more pathetic than that of 
other less specialized Indian cultures. 

Pastoralism and the domestication 
and selection of animals have enabled 
man to canalize more of the stored 
wealth of the terrain through his own 
species: in other words, to increase his 
own bio-mass and indulge his craving 
for an extended social life. His use of 
fire has been very common, almost uni¬ 
versal, and, as pastorally used, much 
more often in incidence than would 
occur in nature. This in itself impov¬ 
erishes the variety of the vegetational 
complc'x, but the animals have prefer¬ 
ences among the food plants and are 
definitely selective of them. The natural 
density of wild grazing animals in any 
habitat was probably insufficient to de¬ 
press natural increase of desirable food 
plants from the level to which they had 
attained; but, under a pastoralism of a 
higher density and possibly more fre¬ 
quent passage over the ground, the de¬ 
sirable food plants have decreased and 
in many instances have been extermi¬ 


nated. (When I was in Utah in 1950, a 
range specialist told me how he was ex¬ 
plaining this decline in the incidence of 
desirable plants to a group of visitors. 
An Israeli in the company quietly re¬ 
marked, ‘In my country there are no 
desirable plants." That is the difference 
between a hundred and four thousand 
years of pastoralism.) 

Man's selection of types of domesti¬ 
cated animals has made possible the 
grazing of habitats which otherwise 
would not be grazed. Wild goats oc¬ 
cupy the highest places to which they 
can reach in mountainous country and 
are not found in valleys and on plains. 
But man has brought them to these 
habitats, seleeting those individuals 
proving most resistant to helminthic 
parasitism. Wild sheep occupy the hard 
green slopes of high hills, quite a spe¬ 
cial habitat, and nowhere could it be 
better seen than with the Dali sheep in 
Alaska. Wild cattle are found in forest 
or savanna, usually where there is good 
access to water. But man has been able 
to move them to other habitats where 
they are exotics in effect. Moreover, 
cattle, sheep, and goats become true 
exotics when man migrates to new 
countries. These animals must accept 
that status in America, Australia, and 
New Zealand, countries which are now 
the greatest livestock areas of the world. 

Man as pastoralist looks to the condi¬ 
tion of his stock, and in general it may 
be said that livestock species have 
thrived in the countries and habitats to 
which they have been taken. It is only 
very recently in the face of some threat¬ 
ened collapses that man has turned his 
eyes the other way, to study the condi¬ 
tion of the habitat. Pastoral memory 
would seem to be remarkably short, and 
the ecologist-historian of today has dif¬ 
ficulty in arriving at the truth of the 
status of habitats a thousand, a hun¬ 
dred, or even fifty years ago. It may be 
said in general that man's ecological 
dominance by pastoralism of domesti- 
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cated animals over wild lands has re¬ 
sulted in marked deterioration of hab¬ 
itat. Vegetational climaxes have been 
broken insidiously rather than by some 
grand traumatic act, and, just as culti- 
vatiop of food plants involves setting 
back ecological succession to a primary 
stage, pastoralism deflects succession to 
the xeric, a profound and dangerous 
change. 

It is the thesis of this paper that pas¬ 
toralism for commercial ends, as we 
presently understand it, cannot continue 
without progressive deterioration of the 
habitat and that, where pastoralism 
over a long period has not damaged the 
habitat, it is markedly nomadic in char¬ 
acter. Anthropologically studied, the 
present world tiend is to restrict nomad¬ 
ism and transhumance, and I suggest 
that we are faced with the necessity of 
deciding what is and what is not bio¬ 
logically possible. The stored wealth of 
ecological climaxes has sheltered us 
from these decisions in the past, and the 
relatively slow rate of change in the 
habitat has masked the significance. 
Furthermore, pastoralism as we now un¬ 
derstand it means export of calcium 
phosphate and nitrogenous organic mat¬ 
ter; it is not merely the canalizing of 
energy through a larger social group of 
residents within the habitat. This fact 
of export of minerals and organic matter 
from grazing grounds needs careful 
consideration before the practice is con¬ 
demned out of hand. Pastoralism is be¬ 
ing practiced in so many different hab¬ 
itats that the loss of material by export 
may be negligible as compared with the 
possible losses by the practices of more 
or less sedentary pastoralism to which 
Western economic civilization seems to 
be molding the wild lands for grazing. 

Let us consider a few different types 
of pastoral habitat: first, one which I 
have studied—the Scottish Highlands 
and Islands. The terrain is one of acid 
rocks, steep slopes, and peaty moors, 
cool in temperature, and with an annual 


precipitation of 50-100 inches. Tlu rii: 
inal vegetational cover was fou st 
oak, pine, hazel, birch, alder, and wil¬ 
low to an altitude of 2,000 feet. This 
largely now has gone, having suffcK d 
from burnings for warlike purposes chii 
ing the infiltration of the Vikings over u 
thousand years ago, from what might 
be called predatory burnings, from ex¬ 
ploitation for smelting and timber in the 
seventeenth and eighteenth centuries, 
and, finally, from removal for the sake 
of increasing sheep pasturage. The area 
is still largely under sheep, and regen¬ 
eration of the old forest is occurring in 
one or two fragments only. This ex¬ 
ploitation by sheep has been enormous¬ 
ly profitable in the past; now it is hold¬ 
ing together economically by govern¬ 
mental subsidy and the present world 
meat shortage; biologically it is de¬ 
crepit. 

If we apply Albrccht^s train of 
thought (1952) to contemplation of this 
kind of terrain of acid rocks, steep 
slopes, and ample rainfall, what is the 
obvious natural product? The answer is 
carbohydrate—cellulose in the form of 
timber. The Highlands could have con¬ 
tinued as a wonderful timber area. But 
what, in chemical terms, have we done 
in the last one hundred and fifty years? 
We have set our faces against cellulose 
and demanded protein—protein direct 
as meat and wool from an exotic animal. 
As Albrecht has demonstrated often 
enough, we cannot commit such enor¬ 
mities against chemical logic. At least 
we cannot go on doing it indefinitely 
without loss and deterioration, but the 
insidiousness of the attack on the nat¬ 
ural wealth of the ecological climax has 
prevented our seeing the illogic of what 
we were doing. 

There is a further point to consider in 
this situation: the natural ecological 
climax of vegetational growth has a 
characteristic of making good in some 
measure the natural deficiencies of a 
habitat. I mentioned acid rocks, steep 
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slopes, peat formation on moors, and 
fairly high precipitation in a cool cli¬ 
mate. Leaching of minerals would be 
expected and does take place; but, un¬ 
der forest and scrub cover, the deeper- 
going roots reach the rock face and 
draw what may be available in the form 
of calcium, phosphorus, and potassium. 
Furthermore, the trees keep the mineral 
matter in circulation. The young leaves 
are rich in minerals, and some of the 
leaf crop is eaten by defoliating cater¬ 
pillars, whose calcareous droppings are 
worked into the forest soil by earth¬ 
worms. The autumn leaf-fall gives fri¬ 
able organic matter for conversion by 
invertebrate animals of many kinds. 
Ovington (1953) recently has reduced 
to chemical terms what this means in 
the way of brown-forest soil production 
on terrain which might be thought in¬ 
imical to it. Ecologically, if we examine 
the flora^f these natural woods on acid 
rocks, it is obvious that there are more 
calcicolous plants within the woods than 
outside them. In other words, there is 
more calcium present in the surface 
layers. The texture of this forest soil is 
also such that leaching is not nearly so 
serious as in the grazing ground outside. 

It is well known that efficient protein 
production by plants calls for adequate 
calcium and potassium levels in the 
medium and for a correct calcium- 
potassium ratio. Equally, herbivorous 
animals synthesize protein better from 
plants which have an adequate mineral 
content. We come to the fact, therefore, 
that ev(ui a typical cellulose-producing 
area can naturally produce a certain 
amount of protein as a secondary crop, 
depending on the maintenance of the 
area as . a cellulose producer. This 
secondary protein is best realizable as 
ame consisting of animals native to the 
abitat, following their natural move¬ 
ment within the habitat, and helped to 
keep up movement and keep down ex¬ 
cessive numbers by the presence of 
their natural predators. Natural accre¬ 


tion in a climax community of this kind 
would ordinarily be sufficient to allow 
some removal from the habitat of both 
cellulose and protein. 

Deforestation of siich terrain is fol¬ 
lowed by a greening-over by sedges, 
grasses, and heather upon which the 
sheep feed. These plants are superficial 
in rooting habit as compared with trees, 
and the deep circulatory system is 
broken. The grazing ratio between 
sheep and cattle becomes very wide, 
sometimes as wide as 70:1 and very 
commonly 20:1, whereas two hundred 
years ago it was unity or less. The selec¬ 
tive habit of sheep-grazing as opposed 
to the shearing habit of cattle results in 
much uneaten top growth. It is burned 
off. Even here, in a country of high pre¬ 
cipitation, such a practice pushes back 
the floral complex to the xeric. Moor 
matgrass {Nardus stricta) increases on 
the high ground and where peat erosion 
sets in, and that xerophyte of wet, acid 
habitats (the carbonic acid being the 
ruling factor), purple moor grass (Mo- 
linia caerulea)^ becomes dominant. 

In addition to the presence of Cal- 
luna, the more xerophytic forms of eri- 
caceous plants such as Erica tetralix be¬ 
come more common. The final degrada¬ 
tion of this kind of ground under sheep¬ 
grazing and burning is an herbage floor 
in which the deerhair sedge (Sdrpus 
caespitosa) is a dominant. The calci- 
coles have gone, the herbage is deficient 
in both minerals and protein, and the 
attempt continues to extract protein di¬ 
rect in meat and wool. It is in this pro¬ 
gressive devastation of a habitat that 
governments decide to shore up this 
decrepit wrongheadedness by the award 
of a ewe subsidy. 

The Great Plains of the United States 
and the steppes of eastern Europe and 
western Asia maintained their different 
kinds of pastoralism, the one wild in 
which the buffalo moved at its own ade¬ 
quate pace for maintenance of the 
range, and the other under strongly 
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migratory cultures; both maintained 
their habitat. Both regions are strictly 
comparable in their chernozem soils, 
fairly low precipitation, and close pre¬ 
cipitation-evaporation ratio. Such soils 
are not leached, and they can yield pro¬ 
tein direct without loss, for the mineral 
store is immense and the nitrogen is re¬ 
placed by legume fixation. These soils 
are the ones which, in both Old and 
New Worlds, have passed into the pro¬ 
duction of high-protein wheat and are 
no longer pastoral. From a land use they 
could have maintained indefinitely at a 
pastoral rate of return, they have be¬ 
come subjected to a quickened rhythm 
of yield which can ultimately be bol¬ 
stered by the addition of fertilizers. 

There are great areas of high western 
range in America and of similar range 
in Asia which will not withstand heavy 
or sedentary pastoralism. This is being 
well realized in the United States, in 
that much of such land previously in 
private ownership has returned to the 
overnment and will never again be 
eavily grazed. The damage which has 
occurred in less than a hundred years 
is sometimes remediable, sometimes 
not; but, where man as an ecological 
dominant has greatly changed the floral 
complex and set it back to the extreme¬ 
ly xeric, the task of repair is immensely 
harder. Even when the domesticated 
livestock is removed, the game-carrying 
capacity has been much lowered, and 
this hits back on the standard of living 
of primitive groups of men. Take, for 
example, the Hopi Indians of the high 
mesas of Arizona. They are farmers, not 
pastoralists, but they were uniquely 
farmer-hunters, getting their animal 
protein from wild game of the desert. 
The surrounding pastoral practices of 
both white man and Navaho have so 
far reduced the game-carrying capacity 
of the desert that the Hopi are suffering 
a shortage of protein in their diet.^ 

The semideserts of Utah and Arizona 
have become peopled with persons who 


have a strong sense of home, nu king 
for a sedentary pastoralism which tlu* 
habitat cannot maintain. Walter Col 
tarn, speaking at the Utah State Cen¬ 
tenary Celebrations in 1947, asked a 
startling question in the title of his pu 
per, ‘Ts Utah Sahara-bound?” Then 
from historical and factual evidence he 
proceeded to show that grass as an ap¬ 
preciable constituent of the floral com¬ 
plex had sadly declined since the rise of 
pastoralism. The Anglo-Saxon races 
have a sure feeling that grass and live¬ 
stock are complementary and naturally 
go together. But not in semi desert 
wh(?re cattle are exotics. Pastoralism 
must be light and fast if the habitat is 
to be maintained. 

The Navaho Indian is naturally a 
great mover. One of the objects of mak¬ 
ing him a pastoralist was to anchor him, 
so to speak. The Navaho Reservation 
of Arizona is one of the worst-eroded 
landscapes in America. Yet it has been 
said, and probably rightly, that the pres¬ 
ent tally of livestock is not too great for 
the total area of the reservation. Work 
has already begun in the Indian Service 
to empty sections of land from livestock 
for a year and then gradually to work 
the stock back over a period of years, 
with the proviso that the stock be kept 
moving. On one section I examined, it 
was hoped that 140 per cent of the 
original 1937 stock could now come 
back so long as migratory pastoralism 
continued to be practiced. In short, the 
effort is to make man an ecological con¬ 
comitant, not an ecological dominant. 

Water developments in the Arizona 
semideserts are for the good of the 

1. Is it not interesting that, where the white 
man ecologically dominates the habitat of 
brown, black, and red men, he raises the car¬ 
bohydrate level of diet and very surely de¬ 
presses the protein? This “quietens'' a native 
race, but possibly scalping and sudden death 
are replaced by a ripeness for political disaf¬ 
fection and ideological change. The provision 
of a high-protein diet should be a definite 
part of education for peaceablenessi 



784 Mans Role in Changing the Face of the Earth 


stock, not for the good of the range. In 
addition to this observation, mention 
should be made of the increasing mobil¬ 
ity of stock made possible by the motor 
truck. The result is not so much the 
mobility of a strongly migratory pas- 
toralism as the rapid consumption or 
predation of growth in areas which have 
received showers. In short, technical ad¬ 
vance in the mechanical fields is en¬ 
abling man to be increasingly dominant 
in these marginal habitats where for¬ 
merly there were checks. 

I have mentioned pastoral areas of 
acid rocks with high rainfall, of deep 
soils with moderate rainfall, and of 
semi deserts and high ranges with low 
rainfall, showing the variations brought 
about with such land use. There is, in 
addition, the limestone area, which, 
considered ide^ally, should be an admi¬ 
rable field for stock-raising. In fact, we 
find that the limiting factors of slope, 
vegetational cover, rainfall, and soil 
depth are now even more limiting. 
These ideas occurred to me in the few 
limestone areas of Highland Scotland, 
where, with the pastoral practice of 
burning, erosion of the peat overlay to 
the rock was much more rapid than 
where there was no burning. I com¬ 
pared these ob.servations in my mind 
with what we know of limestone pave¬ 
ments in Yorkshire and Ireland, Re¬ 
moval of the hazel scrub from such 
areas in early times resulted in expanses 
of bare rock intersected with fissures 
which now hold the only vegetation. 
Then 1 saw the Manti section of the 
Wasatch Plateau in Utah. The Manti is 
also of limestone, and the deterioration 
of the habitat under sheep-grazing has 
been very rapid. Finally, illustrating the 
point but having nothing to do with 
pastoralisin, I observed the eroded 
slopes of Mexican mountains in the 
Sierra Madre Oriental. It was obvious 
here that, if the rock was a shale or a 
schist, there was some hope of natural 
repair; but, where there was complete 


slip from the limestone, there was no 
comeback at all. It would seem that the 
oxidation rate over limestone is a factor 
of immense importance. Under a nat¬ 
ural climax vegetation of forest, forbs, 
or grass, there may be great richness, 
but it is extremely tender. Unless all 
conditions are favorable, oxidation will 
exceed the deposition of organic mat¬ 
ter. That which seemed particularly de¬ 
sirable to the pastoralist seeking new 
fields will become the scene of starkest 
ecological and physical degradation. 
The limestone pavement is a permanent 
monument to an aspect of human eco¬ 
logical dominance. 

Pastoralism influences the composi¬ 
tion of the animal complex of the climax 
biotic community as well as the vegeta¬ 
tional. It is on overgrazed ranges that 
rodent populations tend to irrupt: 
ground squirrels in California, kangaroo 
rats in Arizona, field voles in the South¬ 
ern Uplands of Scotland, the “mice” of 
ancient Egypt in the Bible. Rodent ir¬ 
ruptions are so characteristic of pastoral 
areas in several parts of the world that 
it is my belief that vole plagues in 
Britain are bound up with this land use. 

I would go further and state as a prin¬ 
ciple that violent fluctuations in animal 
populations are indicators of disturbed 
ecological norms and that the disturb¬ 
ance is often attributable to human 
agency, though it may be indirect. 
Rhythmic cyclicism is evident in nature, 
and the ecological norm can accom¬ 
modate it. Not only do plagues or vio¬ 
lent fluctuations endanger the species 
concerned but there is the percussive 
influence of the “high” on the habitat. 

The example of the pocket gopher 
(Thomomys) may serve to illustrate 
how the influence of a rodent's activity 
may be injurious to the terrain under 
conditions of pastorally broken climax, 
whereas in the ecological norm its activ¬ 
ities are highly beneficial. Ellison's 
study (1946) of this animal on the 
Wasatch Plateau resolves the conflicting 
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evidences and places them in perspec¬ 
tive. The gopher acts as a gigantic 
earthworm, and in the original richly 
clothed rendzina soils of the plateau its 
influence in soil aeration and mixing, 
and the maintenance of porosity, must 
be of fundamental importance, for there 
are no earthworms proper at that ele¬ 
vation of around 10,000 feet. The depth 
of vegetational cover on virgin range is 
such as to prevent soil slip; but, as soon 
as the dense vegetation of forbs and 
grasses is removed, the gophers* work¬ 
ings are left open and friable to the im¬ 
pact of climatic factors. When gullying 
has begun, the course of erosion is then 
accelerated by the presence of gophers. 
A frontal attack by pastoralists on the 
gophers in such a situation shows the 
common failure of land-using interests 
to make ecological appraisal. 

It is the unfortunate paradox of pas- 
toralism that the ameliorative influence 
of the full complex of predators may 
not be expressed, as the pastoralist be¬ 
comes the sworn enemy of many of the 
predators. I do not \vish to differ from 
those who suggest that populations of 
animals are self-regulatory and that 
predation is unimportant in population 
control. But in a marginal habitat, or in 
a habitat where man has become the 
ecological dominant, the predators may, 
if present as a complex of animals, exer¬ 
cise such influence as to prevent the 
percussive ‘liighs" which are so damag¬ 
ing. 

The last example I shall take of a pas¬ 
toral habitat in which man has exercised 
a profound ecological influence is west¬ 
ern Alaska, where reindeer have been 
grazed since 1892. It is a particularly in¬ 
teresting habitat to consider, because 
Europe has a comparable one in Lap- 
land, where the Lapps have maintained 
their habitat by strict adherence to no¬ 
madism and are only now losing it as 
they slacken their migratory habit. In 
arctic Alaska the wild caribou takes the 
place of the reindeer. It is general 


knowledge that the reindeer popu;uVion 
of Alaska crashed from 650,0(>0 t<t 
25,000 in about ten years. When all is 
said and done, the reindeer crashed be¬ 
cause they ate out their range; thtae 
were too many of them. But the process 
was speeded up by the fact that tht* 
strict nomadic movement of the original 
Lapp herders was not continued. The 
foliose lichens which are the main win¬ 
ter food of the reindeer were complete¬ 
ly grazed off in the coastal areas, and in 
some places it was burned off. Regen¬ 
eration of the lichens would take from 
fifty to three hundred years. The effect 
of the removal of the climax blanket of 
lichens has been to let free the arctic 
shrub flora of dwarf willow and dwarf 
birch, of Ledum and Vaccinium, and 
the cotton sedge Eriophorum. The 
herbage floor today is very different 
from what it was when the reindeer 
came, but for once we have to revise 
the trend of thought v/hich the observer 
of overgrazing over the face of the 
world has come to follow. There are 
many man-made deserts, but in Alaska 
the too heavy grazing of the lichen 
ranges has made the tundra bloom. The 
smothering blanket of lichen has gone. 
The shrubs, the herbs, the sedges, and 
the grasses see the sun again and are 
producing a wealth of growth. 

What, then, are we grumbling about? 
Indeed, the objective ecologist should 
not grumble overmuch at what has hap¬ 
pened on the Reindeer Coast. The re¬ 
moval of the climax of lichen has re¬ 
moved the winter feeding potential of 
the tundras for one species of grazing 
animal, the reindeer, or its wild counter¬ 
part, the caribou; but this removal has 
altered the potential for many others. 
The decline of caribou and reindeer has 
been followed by a rise in the numbers 
of moose and a spread in its range. 
Viewed objectively, the setting-back of 
succession should not result in the pos¬ 
sibilities of loss which we commonly 
associate with such trauma. 
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Sociologically, nevertheless, we must 
be concerned with this great ecological 
upheaval on the Reindeer Coast. Alas¬ 
kan Eskimos and Aleuts never arrived 
at a true nomadic culture with the rein¬ 
deer, and the Lapp herdsmen who had 
come early to Alaska shook their heads. 
Now that the numbers have crashed 
and there are only 25,000-30,000 deer, 
all owned by Eskimos or the United 
States government, it is time to build 
imaginatively a nomadic grazing cul¬ 
ture for the Eskimos which will be of 
such order that their innate delight in 
social and family life as well as their 
equal delight in winter movement can 
be fulfilled. It is no good for men to be 
in a herding camp while women lan¬ 
guish in Kotzebue. Winter grazing must 
be one of movement in surviving lichen 
ranges far back from the coast. Summer 
grazing on the profusion of herbage of 
the coastal tundras could be at a much 
slower tempo of movement, allowing 
the gathering of the Eskimos at Nome 
and Kotzebue for those occasions of ex¬ 
tended sociality which they love. 

It is necessary, perhaps, having men¬ 
tioned reindeer grazing in western 
Alaska, to speak of the still great herds 
of caribou in arctic Alaska. Here the 
lichen is spread much thinner than it 
was on the Reindeer Coast. The only 
blankets are in the thin, forest-edge 
region south of the Brooks Range. The 
lichen of the arctic prairie, not hinder¬ 
ing the growth of shrubs, sedges, and 
grasses, is integral to the maintenance 
of the grazing situation for the herds of 
caribou. Any form of overzealous wild¬ 
life management for the increase of 
caribou hi the arctic, where adequate 
human predation is still impossible, 
might well r-suit in a crash of the cari¬ 
bou, which would be deplorable. The 
wildlife manager must always remem¬ 
ber that he is not concerned with the 
production ol large numbers; rather 
should he prevent “highs** which have. 


as I have said earlier, percussive effects 
on the habitat. The caribou in their vast 
herds move far and fast, conserving 
their own habitat so long as the ecolog¬ 
ical complex is maintained. There is 
some evidence that when the habitat is 
damaged by man, as by too frequent 
incidence of fire in subarctic Alaska, the 
greatly reduced caribou herds lessen 
the length of their migrations—one 
herd, in fact, is relatively sedentary in 
the Nelchina Basin, and it remains to 
be seen whether the range can with¬ 
stand the more constant occupancy 
through a long period of time. 

Our minds find it diflScult to grasp the 
immensity of range necessary for rein¬ 
deer or caribou in Alaska. Those ani¬ 
mals and that country provide an ex¬ 
treme example of what has, neverthe¬ 
less, been a constant phenomenon—that 
the area of range in relation to domesti¬ 
cated animals over the face of the world 
has been underestimated. And as the 
pastoralist tires of being an Ishmael and 
wishes to build a house rather than to 
pitch his tent, so does he reduce the 
possibility of maintaining the pastoral 
life. The Nunamiut Eskimos of the 
Brooks Range of Alaska are the only 
true nomadic Eskimos in Alaska, de¬ 
pendent wholly on the caribou and Dali 
sheep. Their culture, however, cannot 
be called wild pastoralism, as was that 
of the Plains Indians, for they do not in¬ 
terfere with the habitat. 

Pastoralism of domesticated animals 
on wild lands is still providing much of 
what an increasing world population 
desires of meat and wool. The linea¬ 
ments of the wild lands remain more or 
less constant and mask the extent to 
which man has been an ecological domi¬ 
nant over them. This paper suggests 
that pastoralism demands a nomadism 
to which mankind is becoming increas¬ 
ingly disinclined. Nomadic societies 
cannot acquire civilization as we under- 
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stand the process, though their behavior nomadic territory not held in fee simpV , 
may acquire great polish. A world of and the nomadic society is brittle. What 
sedentary cultures impinges always on is to be the answer? 
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Man as an Agent in the 
Spread of Organisms 

MARSTON BATES' 


If we were discussing the general 
question of the relationship between 
human activities and the distribution 
of organisms, we would have to con¬ 
sider three diflFerent sorts of effects. 
First, as discussed in many chapters of 
this volume there is man’s effect in al¬ 
tering the habitat—clearing, draining, 
irrigating, and exhausting the soil and 
(more rarely perhaps) enriching the 
soil. Second, there is his effect in re¬ 
stricting and exterminating popula¬ 
tions. And, third, there is his effect as 
an agent of dispersal. 

Our focus here is on the third effect, 
but the separation of this from the 
other two is really quite arbitrary. As 
our knowledge of ecology increases, it 
becomes clearer that the introduction 
of an organism into a new region 
through human agency, purposeful or 
accidental, is often possible only be¬ 
cause the habitat has been greatly al¬ 
tered by other human activities. This is 
particularly true of introduced plants, 
whose status may depend not only on 
mans clearing of the pre-existing vege¬ 
tation blit also on the maintenance of 
altered conditions through activities 

Dr. Batc's h.is been Professor of 2ioology at 
the University of Michigan since 1952; before 
that he was a tunnher of the staff of the Inter¬ 
national Health riivision of the Rockefeller 
Foundation, working on malaria in the Medi¬ 
terranean and on yellow fever in South Amer¬ 
ica. His books inciiide: The Nature of Natural 
History, 1950; Where Winter Never Comes, 
1952; and The Prevalence of People, 1955. 


such as the introduction of grazing do¬ 
mestic mammals. Allan (1936), study¬ 
ing the New Zealand vegetation, and 
Egler (1942), studying one of the 
Hawaiian islands, both came to the 
conclusion that the apparently domi¬ 
nant aliens were really only precarious¬ 
ly established and that (to quote Eg¬ 
ler, 1942, p. 23), “in the absence of an¬ 
thropic influences, the evidence strong¬ 
ly favors the view that most of the 
aliens will be destroyed by the indi¬ 
genes, such aliens surviving only in 
greatly reduced numbers and as very 
subordinate members of the resulting 
ecosystem.” 

Hawaii and New Zealand form ex¬ 
treme cases of biotas altered through 
the agency of the introduction of organ¬ 
isms by man. They are extreme exam¬ 
ples in part because their isolation re¬ 
sulted in the development of restricted 
and peculiar indigenous biotas, so that 
the alien elements stand out strikingly. 
Yet the anthropic effect may really be 
much greater in the densely inhabited 
parts of the earth’s continents—only we 
have come, there, to take this effect for 
granted. It is curious, in reviewing gen¬ 
eral books on ecology, to see how little 
attention is paid to man as an ecolog¬ 
ical agent, though European and North 
American ecologists are almost always 
studying man-altered habitats. 

The man-altered habitats allow for 
the dispersal and establishment of or¬ 
ganisms in new regions, and the intro¬ 
duction of new organisms through hu- 
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man agency contributes to the altera¬ 
tion of the habitats. This makes a nice 
circle. 

Coming to our proper focus on man 
as the agent of introduction, we may 
find it most convenient to deal sepa¬ 
rately with the dispel sal of microorgan¬ 
isms, of plants, and of animals. With all 
three of these categories we find both 
purposeful or deliberate introduction 
and accidental introduction. Details of 
the purposes for which and the ways 
in which the organisms are introduced, 
however, differ considerably. 

MICROORGANISMS 

Our chief point of interest here is on 
man as the agent of dispersal of his 
own parasites. It seems at first sight 
that we are dealing with a purely bio¬ 
logical system; a specific aspect of the 
general question of the dispersal rela¬ 
tions between host and parasite. Even 
in this, however, I have come to think 
that the human situation is peculiar: 
the geography of infectious disease in 
man is perhaps best understood not in 
strictly biological terms but in cultural 
terms (May, 1954). 

In the matter of spread, it is impor¬ 
tant to distinguish between the con¬ 
tagious diseases and the diseases trans¬ 
mitted indirectly through vectors or 
alternate hosts. The self-limited con¬ 
tagions of man (things like measles, 
smallpox, mumps, and the like) present 
interesting problems in relation both to 
history and to geography. I have de¬ 
veloped elsewhere (Bates, 1955, pp. 
154—72) the theory that these conta¬ 
gions are post-Neolithic developments. 
I do not see how they could have been 
maintained in the small, dispersed pop¬ 
ulations of Paleolithic hunting and 
gathering cultures; they cannot main¬ 
tain themselves in such population situ¬ 
ations today. The cosmopolitan distri¬ 
bution of these diseases is clearly a 
consequence of post-Columbian inter¬ 
continental contacts. 


Disease caused by pathogens wii ; iu 
direct transmission mechanisms- au \\ 
as malaria and yellow fever—move Irss 
easily, since they havt' more* exactiiej, 
environmental requirements than tlu 
contagions. On the other hand, thrv 
can persist in endemic form in scat 
tered populations, and some of tliesr 
pathogenic relationships have probably 
evolved right along with evolving man. 

Y(‘llow fever and malaria an* particu¬ 
larly interesting cases because both 
have spread considerably in modern 
times, despite their complicated epide¬ 
miology. I would incline to the theory 
that Africa was the original home of 
both diseases. Malaria, whatever its 
origin, lias been present in the Mediter¬ 
ranean for a very long time, since it 
can be identified in the Hippocratic 
writings, and its ups and downs in the 
(.Treco-Roman world show a nice corre¬ 
lation with economic and political 
events (Ilackett, 1987). Transmission 
of the pathogen from man to man de¬ 
pends on a particular type of mosquito 
( \nopheles), but mosquitoes of this 
group, perfectly cfipable of acting as 
vectors, are present on all the conti¬ 
nents. The disease is not sharply self¬ 
limited in man, so that carriers of the 
parasite, moving into an environment 
favorable for the parasite, with man- 
biting ano 2 ’)hek*s abundantly pr(\sent, 
may easily introduce the disease. It 
seems to me most probable that the 
parasite was not present in America un¬ 
til the arrival of the Spaniards. The un¬ 
healthiness of the lowland American 
tropics, then, may well be a post-Co¬ 
lumbian phenomenon. 

In the case of yellow fever, the dis¬ 
ease spread in pait at least with the 
spread of the vector. The eoinmon vec¬ 
tor, Aedes aegypti, is a mosquito that 
breeds readily in all sorts of domestic 
water containers, so that it could easily 
go with the sailing ships wherever they 
went. It is presumably tropical African 
in origin, but it was soon spread to all 
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the warm parts of the earth by Euro- 
pean explorers. The slave trade from 
Africa to America presumably brought 
both the vector and the virus— with con¬ 
siderable historic consequences. If this 
theory is correct, the "jungle yellow 
fever** of South America would be a 
secondary development, resulting from 
the fact that South American monkeys 
and forest mosquitoes both proved to 
be good hosts for the virus (Bates, 
1946). The disease has never spread to 
the Orient despite the long-established 
traffic from Africa across the Indian 
Ocean; the reason for this failure of 
spread is not clear. 

It would be difficult to overestimate 
the importance of the changing disease 
patterns on human history and geogra¬ 
phy. Man, as the unconscious dispersal 
agent of his own pathogens, has thus 
contributed greatly to the shaping of 
his own destiny. For documentation of 
this, I can do no better than refer to the 
delightful book by Hans Zinsser, Rats, 
Lice and History (1935). 

The contagiousness of certain dis¬ 
eases was anciently discovere^d, and 
man’s efforts to prevent spread of dis¬ 
ease—quarantines—should get attention 
in any balanced discussion of the his¬ 
tory of man and his pathogens. The 
literature on quarantines, including the 
reports on interceptions, is enormous. 
Magath and Knies (1945) have written 
a siiiTimary of present practices. 

The spread of human pathogens has 
been almost wholly accidental rather 
than purposeful—though the concept of 
‘"germ warfare” brings up the possibil¬ 
ity of purposeful spread. This is not a 
completely new idea. The Steams 
(1945) have found records of a few 
deliberate attempts to introduce small¬ 
pox infectioTi into American Indians as 
an adjunct of war operations in Colo¬ 
nial times. 

Man has, of course, spread not only 
his own pathogens but those of his 


domesticated animals and plants as 
well. The consequences of accidental 
introduction of such pathogens into 
new regions have sometimes been 
catastrophic, as in the famous case of 
the spread of the potato blight in Eu¬ 
rope in 1845, the history of which is re¬ 
viewed by Salaman (1949). 

For the last fifty years or so, scien¬ 
tists have been experimenting with the 
deliberate introduction of pathogens 
for the biological control of pests. For 
the most part, these efforts have not 
been successful because, where condi¬ 
tions were favorable for an epidemic, 
the epidemic was liable to develop 
without human interference; and, 
where conditions were unfavorable, 
the deliberate introduction of the path¬ 
ogen was unsuccessful. A striking ex¬ 
ception to this is the recent introduc¬ 
tion of the virus of rabbit myxomato¬ 
sis into Australia (Fenner, 1954), which 
resulted in an immediate and drastic 
reduction of the rabbit population. In¬ 
troduction of the virus into France, in 
an attempt at local and restricted rab¬ 
bit control, was less successful, in the 
sense that the virus promptly got out 
of hand in a region where rabbits were 
prized. 

It is difficult to assess man’s impor¬ 
tance in relation to the spread of non- 
pa thogenic microorganisms. A good 
many of these have, in any case, highly 
efficient means of dispersal through re¬ 
sistant spore forms, so that they may be 
cosmopolitan without any help from 
man. Wolfenbarger (1946) has written 
a general review of the dispersal mech¬ 
anisms of small organisms, including 
microorganisms. 

The domesticated microorganisms 
should be mentioned, since we tend to 
forget them, though yeasts, for instance, 
are among the most anciently tamed of 
organisms. With these, as with all culti- 
gens, the spread of useful strains is di¬ 
rectly under human control. With the 
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development of microbiology, tlui list 
of cultivated microorganisms is con¬ 
stantly growing. 

PLANTS 

I mean by '‘plants” the so-called 
“higher plants”—and discussion might 
well be restricted to the seed plants, 
which are so overwhelmingly important 
in the economy of both nature and man 
today. The study of the geography and 
dispersal of the higher plants has in¬ 
terested many people, and it forms the 
subject matter of an extensive and well- 
organized literature. But, in surveying 
this literature from the present point of 
view, the negleet of studies of the effect 
of human interference stands out strik¬ 
ingly. This is understandable in terms 
of the biological preoccupation with 
evolutionary events, which arc seen as 
taking place on the geological stage, 
where man appears only in the last few 
seconds of action. Yet these few sec¬ 
onds comprise very significant action. 
Anderson has shown in his chapter how 
significant this action may be from the 
viewpoint of general evolutionary the¬ 
ory. The weeds and cultigens, scorned 
as “unnatural,” yet may tell us a great 
deal about nature; their behavior is part 
of an unplanned but nonetheless sig¬ 
nificant series of gigantic experiments 
which, by the very alteration of the ge¬ 
ological sequence of events, may teach 
us much about the operation of that se¬ 
quence. 

Man, as the agent of dispersal, is the 
initiator, the trigger, of these evolu¬ 
tionary experiments. This action is a 
relatively small aspect of the total ex¬ 
perimental situation, but it is still an 
important aspect, and one that must be 
carefully studied for any valid inter¬ 
pretation of the experimental results. 

Good (1947), depending largely on 
the summary by Ridley (1930), has 
outlined man’s activities as an agent of 
plant dispersal as follows: 


A. Deliberate introduction 

B. Accidental introduction 

1. Dispersal by accidental adhesion lo 
moving objects 

a) Adhesion to man’s person 
h) Adhesion to moving vehicles (c.l 
mud on cart wheels, dust cart 
trains, etc.) 

2. Dispersal among crop seed (e.g., 
many cornfield weeds) 

3. Dispersal among other plants (e.g,, 
fodder and packing materials) 

4. Dispersal among minerals (e.g,, soil 
export, ballast, road metal) 

5. Dispersal by carriage of seed for pur- 
po.ses other than planting (e.g., this 
includes a whole range of possibili¬ 
ties; one mentioned bv Ridlev is the 
spread of drug plants from seeds es¬ 
caping from druggists’ shops) 

Deliberate Introduction 

Deliberate introduction becomes a 
rather inconspicuous .subdivision in a 
scheme like Good’s, but it involves an 
enormous number of different kinds of 
plants. I tried to estimate the number 
by the statistically dubious experiment 
of counting items on ten random pages 
in the 1941 edition of the Baileys’ Hor- 
fus, which happened to be at hand. I 
find that the Baileys here treated some 
19,600 “horticultural species” (i.e., 
forms considered to be distinct enough 
to warrant a Latinized name), distrib¬ 
uted among some 2,700 genera. This is 
surely a minimum estimate of the num¬ 
bers of plants that are currently sub¬ 
ject to manipulation, to “deliberate in¬ 
troduction” of one sort or another, by 
American horticulturists, since it in¬ 
cludes only items that have gained 
some currency among gardeners. 

Of course a very considerable per¬ 
centage of these plants could not exist 
in the United States outside of green¬ 
houses or without constant horticul¬ 
tural attention. Further, these figures 
include a large number of plants of 
purely “ornamental” interest—with or¬ 
chids, irises, and suchlike groups dear 
to the horticultural heart. This interest 
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in ornamentals, on this scale, is relative¬ 
ly modern and restricted to complex 
civilizations. But experimental garden¬ 
ing—the exchange of plants and at¬ 
tempts at cultivation of new plants— 
must have been going on continuously, 
even though on a small scale, ever since 
Neolithic times. 

The curious thing, in fact, is that 
modern man, despite his feverish hor¬ 
ticultural activity, has not been able to 
add any item to the list of basic crop 
plants. The origins of all our major 
crops are lost in the mists of prehistory, 
and we cannot really be sure about ei¬ 
ther the identity of their wild ancestors 
or the steps in the process of their do¬ 
mestication, despite the great amount 
of research that has been dedicated to 
the matter. Recent discussions of these 
problems have been written by Andta- 
son (1952) and by Sauer (1952). 

We might arbitrarily class the plants 
purposefully dispersed by man as ma¬ 
jor crops, minor crops, ornamentals, and 
landscape modifiers (plantings for re¬ 
forestation, erosion prevention, and the 
like). 

The major crops include the plants 
that have been most drastically modi¬ 
fied by the domestication process. For 
the most part these plants have come 
to be completely dependent on man 
for reproduction and dispersal. In some 
cases they have lost the capacity for 
producing viable seeds and depend on 
man-controlled vegetative propagation 
(breadfruit and bananas come to 
mind); in other cases the seed, though 
viable, may be produced in such a way 
as to re(jiiire human intervention for 
removal and planting (maize is the 
classicail case). With most, the reason 
for failure of self-production is less 
clear and definite; the plants, appar¬ 
ently, simply cannot ‘‘compete^' with 
wild vegetation and disappear when 
man ceases to intervene. 

The relationship between man and 
his crop plants, then, is symbiotic. The 
plants have become completely de¬ 


pendent on man for survival, and man 
—in his contemporary numbers—has be¬ 
come completely dependent on the 
plants. We might well call plants of 
this sort ‘'obligate cultigens.” The ge¬ 
ography of such plants is an aspect of 
human geography; the plants do not 
escape from cultivation to form part of 
the wild vegetation. 

When any such generalization is 
made, exceptions start coming to mind. 
These partly involve the clearly artifi¬ 
cial distinction between “major” and 
“minor” crop plants. Surely, however, 
the coconut is a major crop plant by 
any definition, yet it seems able to 
maintain itself independent of man and 
has become a characteristic element of 
the coastal flora everywhere in the trop¬ 
ics. The coconut is, however, more de¬ 
pendent on man than it might, at first 
glance, seem. Its tropicopolitan distri¬ 
bution is now generally acknowledged 
to be a consequence of deliberate dis¬ 
persal by man. Where coconuts occur 
on uninhabited Pacific islands, there is 
frequently evidence that they were 
planted by transient visitors; and, 
where there is no evidence one way or 
another, it is difficult to rule out the 
possibility of planting. 

The coconut now certainly seems per¬ 
fectly capable of persisting as a part 
of strand vegetation with no interfer¬ 
ence from man. But man does so fre¬ 
quently interfere that it is difficult to 
be sure what would happen to the co¬ 
conut if this interference ceased. It is 
certainly less of an obligate cultigen 
than most of the other major crop 
plants—but it is also more of a cultigen 
than it seems to the casual observer. 
The considerable literature on the ori¬ 
gin and dispersal of the coconut has re¬ 
cently been surveyed by Heyerdahl 
(1953, pp. 453-65). 

As we move from the major crop 
plants to the minor crop plants and or¬ 
namentals, we find an increasing fre¬ 
quency of plants that can best be re¬ 
garded as facultative cultigens, since 
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they readily “escape” from cultivation 
to join with the company of the weeds 
or, under appropriate conditions, that 
of the native flora. Lantana in Hawaii 
and Opuntia in many parts of the world 
come to mind as examples of escapes 
that have found themselves all too 
much at home in new environments. 

Plants used for reforestation, for pro¬ 
tection against erosion, and the like 
can hardly be called “cultigens.” Per¬ 
haps most often indigenous plants are 
used in such operations, but frequent¬ 
ly enough alien species are consid¬ 
ered more suitable. The plantings of 
Australian trees of such genera as Eu¬ 
calyptus, Casuarina, and Melaleuca 
throughout the tropics and subtropics 
of the world are particularly striking. 

Accidental Introduction 

Ridley (1930) considers that acci¬ 
dental introductions of plants probably 
outnumber purposeful introductions. 
This is true only if we disregard plants 
in a particular area known only under 
cultivation; but such disregard is surely 
justified. No one would think that a 
flora of Massachusetts should include 
all the plants grown in Massachusetts’ 
greenhouses any more than a fauna 
should include animals known only 
from the zoos. But it is far from easy to 
draw lines between the cultigens, the 
weeds, the escapes, and the established 
aliens—and divergence in practice in 
distinguishing among these various cat¬ 
egories makes the compilation of statis¬ 
tics difficult. 

The difficulties are nicely illustrated 
by the discussion of New Zealand ali¬ 
ens given by Allan (1936, p. 188): 

It is not possible to state precisely how 
many species of plants are actually natural¬ 
ized in New Zealand; much depends on the 
view taken as to what, constitutes natural¬ 
ization, and for a number of species definite 
information is lacking. Hooker (1855) listed 
61 species, and later (1867) 170. Kirk 


(1870) recorded 292. Cheeseman 706) 
gave 528, and later (’25) 576, but u lumi- 
ber of the species in his lists do not con¬ 
form to his statement that they “appear to 
be thoroughly well established.” Thomson 
(’22) considered that “over six hundred 
species have become more or less truly wild 
i.e., they reproduce themselves by seed, and 
appear at the present time more or less 
denizens of the country.” My own estimate 
of thoroughly naturalized species is 413, 
based on the evidence that they (1) occupy 
significant extents of territory, so that they 
are not liable to extinction by a small local 
catastrophe, (2) reproduce themselves, 
whether bv seed or vegetativelv, (3) arc 
not decreasing in area occupied. 

But for the purposes of this paper it mat¬ 
ters little which estimate be adopted, and 
I have accepted 603 species. Now, in re¬ 
gard to competition with indigenes, 324 
may be at once put aside. They are either 
rare or so local and limited in extent as not 
to plav any significant part in the struggle. 
Of the remainder no fewer than 231 (in¬ 
cluding 165 annuals or biennials) occur 
mainly in waste places about settled areas, 
cultiv'ated lands and man-rnade pastures, 
and only 93 of them extend into very much 
modified indigenous communities (espe¬ 
cially low tussock-grassland and coastal 
sands). None of them sets up any serious 
competition with the indigenes. There re¬ 
main to consider 48 species only. Of these 
28 are of Old World origin, 9 are from the 
Americas, 7 from Australia, and 4 from 
South Africa. The life-forms are: 1 parasitic 
plant, 4 water plants, 22 shrubs and trees, 
4 grasses, and 17 perennial herbs or half 
shrubs.^ 

Ridley (1930, p. 638) analyzed the 
probable origins of the 704 alien spe¬ 
cies of plants reported by Dunn as more 
or less well established in Great Brit¬ 
ain in 1905. He found that 540 of these 
were from Europe, 68 from temperate 
Asia, 4 from Africa, 88 from North 
America, and 4 from Australia. In North 
America also the greatest number of 
aliens has come from Europe. These 

1. The references cited in this quotation 
have not been included in the reference list of 
the present paper. 
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are also the predominant aliens in Aus¬ 
tralia and New Zealand. 

This man-induced spread of elements 
from the European flora into other parts 
of the world with similar climatic con¬ 
ditions has led, since the time of Hook¬ 
er, to speculation about the ^ aggres¬ 
siveness and colonizing power of this 
flora (Good, 1947, p. 307). But the con¬ 
temporary ecological opinion is that 
these plants do not have any special 
advantage in competition with local 
floras. Their ubiqiiitousness seems to 
depend on their adaptation to the spe¬ 
cial habitats created by man. The ques¬ 
tion then becomes whether this adap¬ 
tation is a consequence of the relative¬ 
ly long period in which man-made hab¬ 
itats have existed in Europe or whether 
it is a consequence of some older and 
more general characteristic of the Eu¬ 
ropean flora. 

INVERTEBRATES 

Man’s relations with the vertebrates 
and the invertebrates are diflFerent 
enough to make it convenient to treat 
them separately. It is interesting that 
in both cases the analysis of human in¬ 
terference involves, almost exclusively, 
terrestrial and fresh-water organisms. 
This is, in one way, understandable 
enough, since man himself is a terres¬ 
trial organism. He has become inti¬ 
mately involved with the sea in many 
ways, and many human cultures de¬ 
pend for existence primarily on exploi¬ 
tation of the sea. But these cultures, 
howev(T advanced technologically, re¬ 
main essentially “gatherers” in their 
relations with the inhabitants of the 
sea. The contrast between man’s eflFect 
on the terrestrial environment and his 
eflFect on the marine environment is so 
great and so obvious that we are apt to 
overlook it or to take it for granted. 

Of course, man has, in some cases, 
successfully established marine fish in 
new regions~the establishment of the 
Atlantic striped bass (Roccus) on the 


Pacific Coast is an outstanding example 
(Scofield, 1931). A great many marine 
invertebrates must have been moved 
about with the shipping of modern 
man, but I have come across no general 
study of this but only isolated mention, 
like the appearance of the American 
oyster drill (Urosalpinx cinerea) in 
English oyster beds (Orton, 1937, p. 
155). 

In discussing man and the inverte¬ 
brates in the present context, then, I 
shall be concerned primarily with man 
and insects—the predominant terrestrial 
invertebrates. Among the insects there 
arc a few species that are directly asso¬ 
ciated with men and their households 
and a host of others more indirectly as¬ 
sociated through their effects on do¬ 
mestic animals, crops, or other aspects 
of the human habitat. The directly as¬ 
sociated insects can conveniently be di¬ 
vided into three groups: the domesti¬ 
cates, the inquilines, and the human 
parasites. 

It is striking that among the millions 
of insect species so few have been do¬ 
mesticated: the honeybee and the silk¬ 
worm, with perhaps the cochineal in¬ 
sect, now relegated to the past tense 
by the development of chemical dyes, 
and the lac insect, similarly doomed by 
the plastic resins. The silkworm, too, 
may not survive chemical develop¬ 
ments, but it remains particularly in¬ 
teresting because, like so many other 
plant and animal domesticates, it is 
now known only in its domestic form. 
Its wild ancestors are unknown, and it 
has never, as far as I know, “escaped” 
to establish itself independent of human 
care. 

The domestication of the honeybee, 
like that of the silkworm, is lost in the 
mists of antiquity, but wild races have 
persisted in the Asiatic tropics, and the 
species has been able to establish itself 
independent of man in many parts of 
the world where it has been introduced. 
Perhaps the standard laboratory ani- 
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mals should be included among the 
“domesticated” species. In that case an 
insect, Drosophila, could well be con¬ 
sidered one of mans most important 
domesticates. 

The insects that have become asso¬ 
ciated with human habitations form an 
interesting group. I think they might 
well be called the “inquilines” by anal- 
ogy with the “guests” of anthills. Every¬ 
where that man builds habitations 
(with the possible exception of the Far 
North) some members of the local in¬ 
sect fauna also find these habitations 
suitable living places and move in. A 
few of these (certain species of roaches, 
silverfish, and ants come to mind) have 
achieved an almost cosmopolitan dis¬ 
tribution through this association, quite 
comparable with the similar achieve¬ 
ment of the household mice and rats. 

Two mosquitoes, Aedes aegypti and 
the complex of Culex fatigans-pipiens, 
might well be included in this group 
of inquilines, since they have spread 
with man to almost all climatically suit¬ 
able parts of the world and, over most 
of this range, breed only in man-made 
accumulations of water. Both of these 
kinds of mosquitoes warrant much more 
biological study than they have re¬ 
ceived from this viewpoint of associa¬ 
tion with the human habitat. Why does 
Aedes aegypti, which breeds in tree 
holes in its native tropical Africa, breed 
only in domestic water containers in 
other parts of the world? Is the curious 
multiplicity of strains among the pipi- 
ens mosquitoes a consequence of the 
human association? It seems to me pos¬ 
sible that man here has acted as an evo¬ 
lutionary agent in the sense discussed 
by Anderson in his chapter of this vol¬ 
ume. (For bibliography on these spe¬ 
cies see Bates, 1949.) 

I would class the domestic mosqui¬ 
toes as inquilines rather than parasites, 
even though the adults do largely de¬ 
pend on human blood. The concept of 
“parasite” is particularly difiicult to de¬ 


fine as a category of insect behavior, 
but I would restrict the term to more 
intimate associations than that of the 
mosquitoes—associations like those of 
the various human lice and the bed¬ 
bugs. But with these two examples we 
have a basic behavioral divergence hid¬ 
den under the label “parasite,” since 
the lice are continuously associated 
with the body itself, while the bedbugs 
have the dwelling as a habitat and 
make contact with the body only for 
feeding—which makes for difEerences in 
the methods of dispersal of the two 
groups. Fleas have characteristics of 
each group. 

The human lice have accompanied 
man everywhere from the beginning— 
probably even evolving with him (Pc- 
diculus, that is; the history of Pthirius, 
the pubic louse, is less clear). We have 
direct evidence of the prehistoric uni¬ 
versal dispersal of lice from the Peru¬ 
vian and Egyptian mummies and other 
similar sources. Much study has gone 
into comparisons among the lice of dif¬ 
ferent living races, and some students 
have thought they could detect racial 
differences in the lice corresponding 
with the racial differences in die host 
(Zinsser, 1935). 

The domesticates, inquilines, and 
parasites among the insects and other 
arthropods form a fascinating field of 
inquiry but a trivial one from our pres¬ 
ent viewpoint. Man’s major role as an 
agent of dispersal for invertebrates has 
been not wim these close associates but 
with the thousands of species that he 
has incidentally transported with his 
travels and commerce. 

It seems curiously difficult to find fig¬ 
ures on the numbers of introduced or 
adventive species of insects in the dif¬ 
ferent faunas. Such species are gener¬ 
ally explicitly omitted from zoogeo- 
graphical discussions because the focus 
of interest is on the “natural” affinities 
of the fauna. The omission from eco¬ 
logical discussion is less understand- 
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able but seems to be related to the gen¬ 
eral ecological aversion to studies of 
the explicitly man-made biological en¬ 
vironments. These are studied by the 
applied biologists.” But the applied 
biologists reasonably focus their inter¬ 
est on the signiBcnnt pests. While these, 
often enough, are introduced species, 
they represent but a small fraction of 
the organisms moved about by human 
agency. 

Hawaii is probably the most changed 
of the major faunas through man-de¬ 
pendent dispersal, but I have come 
across no general discussion of the bi¬ 
ology of this phenomenon—though, to 
be sure, only a limited part of the Ha¬ 
waiian literature is accessible to me. 
Zimmerman (1948), in his excellent in¬ 
troductory volume to the Insects of 
Hawaii, confines his discussion to the 
indigenous fauna. In the body of the 
work he gives tables for each order, 
showing the numbers of indigenous and 
adventive species and genera. In the 
first five volumes (which cover the or¬ 
ders from Thysanura through Homop- 
tera) I find that, of 930 species listed, 
421 are considered as certainly or prob¬ 
ably adventive. The indigenous fauna 
of Hawaii presents so many fascinating 
evolutionary and ecological problems 
that the neglect of the adventive fauna 
is understandable. Yet the adventive 
fauna comprises, really, a sort of gigan¬ 
tic, unplanned ecological experiment 
that might also yield information of 
great biological interest. 

The concentration of the applied bi¬ 
ologists on the pests is also under¬ 
standable, and considerable proportions 
of the major insect pests of crops in all 
parts of the world are adventive spe¬ 
cies for tlie particular region in which 
they act as pests. The very concept of 
“pest" implies human intervention, in 
so far as it implies an upset in the ordi¬ 
nary numerical relations of organisms 
in the “balance of nature." Sometimes 
the pest is an indigenous insect species 


that has adapted to introduced crop 
plants and escaped ordinary population 
controls in the special ecological situa¬ 
tion of cultivation. Often, however, it 
is an inti'odiiced species able to attain 
destructive abundance because its usual 
population controls—parasites and pred¬ 
ators—are not present in the new re- 
gion. 

Smith (1929) compiled a list of 183 
insects considered to be major crop 
pests in the United States. He found 
that 81, or 44 per cent of these, were 
undoubtedly of foreign origin. The sit¬ 
uation in the United States is probably 
typical of continental areas in general; 
if so, we could make the generalization 
that nearly half of the major insect pests 
of any particular region will be found 
to be species accidentally introduced 
into that region by human agency. The 
proportion of introduced species on 
oceanic islands would undoubtedly be 
much higher. Really disastrous insect 
outbreaks are perhaps particularly apt 
to involve introduced species, free from 
their usual population controls—hence 
the great interest in the establishment 
of quarantines to prevent accidental in¬ 
sect introductions. 

The number of insects that become 
established in new regions through hu¬ 
man agency, however, is but a small 
fraction of the species that are con¬ 
stantly being moved about by modem 
man, with his automobiles, trains, ships, 
and airplanes. The statistics published 
by various quarantine services on in¬ 
sects intercepted show this. Metcalf and 
Flint (1951), for instance, quote figures 
from the United States Public Health 
Service on airplane inspections in the 
ten-year period from 1937 to 1947. Of 
80,716 planes inspected, 28,852 were 
found to contain arthropods. I doubt 
whether anyone can estimate the de¬ 
gree of efficiency of such inspection 
services and thus get an idea of how 
many insects every year get by the 
quarantine. 
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The airplane, with its abolition of 
distance, is the most potent of man’s 
new agencies for insect dispersal. The 
danger is particularly great where 
planes cross barriers between regions 
of similar climatic environment, as in 
the Atlantic crossings between Africa 
and South America. The story of the 
introduction, spread, and final extermi¬ 
nation of the African mosquito. Anoph¬ 
eles gambiae, in Brazil, is a striking il¬ 
lustration of the dangerous possibilities 
of this particular route (Soper and Wil¬ 
son, 1943). 

The establishment of an insect in a 
new region is not always easy, as has 
been shown by the history of attempts 
at deliberate introduction. Since the 
abundance of adventive pests so often 
clearly results from the absence of their 
usual parasites and predators, agricul¬ 
turists early had the idea of controlling 
such pests by introducing their natu¬ 
ral enemies. This “biological control” is 
the subject of a considerable literature. 
Outstanding examples of successful in¬ 
troductions are summarized by Metcalf 
and Flint (1951, pp. 345-51), but I 
know of no summary of the failures, 
which would be equally interesting 
from the biological point of view. 

The insects get the attention because 
they are so overwhelmingly numerous, 
but man has also been involved in the 
dispersal of many other types of inver¬ 
tebrates. Ticks, mites, household spi¬ 
ders, and other arthropods are frequent¬ 
ly transported by man just as the in¬ 
sects are. Man has also been an active 
agent in the dispersal of earthworms 
and other soil inhabitants as he has car¬ 
ried soil from one place to another for 
various reasons. There have been sev¬ 
eral deliberate introductions of crus¬ 
taceans for food purposes—the intro¬ 
duction of Chinese crabs and American 
crayfish into Europe has been dis¬ 
cussed by Levi (1952). 

Fresh-water and terrestrial mollusks 
have been moved about a great deal 
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by human agency, but there seem. to 
be no recent general summary of the 
literature on this. Kew (1893) includes 
a chapter on dispersal by man in his 
interesting general study of the disper¬ 
sal of mollusks. A few molluscan intro¬ 
ductions have been made deliberately, 
but most have been accidental. Thus, 
Thomson (1922) lists twenty-eight in¬ 
troduced species of snails and slugs 
found in New Zealand, all but one ac¬ 
cidental. The exception is an English 
snail (Lymnaea stagnalis) introduced 
as food for fish. Mollusks have also oc¬ 
casionally been introduced into new re¬ 
gions as human food, the most notori¬ 
ous case being the dispersal of the Af¬ 
rican snail, Achatina, to many Pacific 
islands by the Japanese (Abbott, 
1951). 

Thus man has acted in several ways 
as an agent in the spread of inverte¬ 
brates. The domesticates have been 
spread as a matter of course; the inqui- 
lines and parasites have accompanied 
their host; and a great variety of spe¬ 
cies has been accidentally moved in the 
course of modern travel and commerce. 
Many deliberate introductions have 
been made in connection with biologi¬ 
cal control operations—usually for the 
control of previously introduced pest 
weeds or insects. A few introductions 
have been made for food purposes. 
Probably, in the vast majority of cases, 
the adventives that have become estab¬ 
lished have, as in the case of adventive 
plants, come to form parts of the man- 
dominated environmental situations, 
though study, from the point of view of 
competition with indigenous fauna, 
seems to have been relatively neglected. 

VERTEBRATES 

Man’s role in the dispersal of verte¬ 
brates is almost always deliberate and 
purposeful. The category of “accidental 
introduction,” so important with micro¬ 
organisms, plants, and invertebrates, is 
here trivial. The vertebrate human in- 
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quilines, rats and mice, have managed, 
unwanted, to accompany modem man 
on his travels and to establish them¬ 
selves almost everywhere; but I think it 
safe to say that they are the only mam¬ 
mals accidentally dispersed. Among 
birds, I can think of no cases of acci¬ 
dental dispersal through human agency. 
Various lizards, however, have man¬ 
aged to achieve a wide distribution by 
hitching rides on ships and canoes; and 
burrowing snakes have possibly been 
transported in some instances with bal¬ 
last. 

Man has been actively involved in 
the dispersal of fresh-water fish for a 
great many years now, and the fisheries 
literature on the subject is consider¬ 
able. Most of the introductions have 
been deliberate, and they have fre¬ 
quently been successful. Thomson 
(1922) has reviewed the history of fish 
introductions into New Zealand with 
his usual thoroughness. The paper by 
Miller and Alcorn (1943) on fish intro¬ 
ductions into Nevada provides an ex¬ 
ample of the sort of activities carried 
on in all parts of the United States. 
They discuss attempted introductions 
of 39 species and subspecies of fish, 24 
of which became successfully estab¬ 
lished. 

Man has also been an accidental 
agent in the distribution of fish, per¬ 
haps most often as a consequence of 
his activity in digging canals between 
previously unconnected watersheds. 
Hubbs and Lagler (1947) have sum¬ 
marized the effect of canals on fish dis¬ 
tribution in the Great Lakes region. The 
most notorious case is the inland ex¬ 
tension of the range of the lamprey, 
presumably as a consequence of the 
construction of the Welland Canal. 

Mostly, however, man has moved 
vertebrates deliberately. These intro¬ 
ductions may be classed in one or an¬ 
other of four general categories: (1) 
species introduced as domestic animals; 
(2) species introduced for sport, food. 


or fur; (3) species introduced to con¬ 
trol a pest; and (4) species introduced 
for sentimental reasons. 

Domestic Animals 

The origins of the domestic animals 
are, for the most part, as obscure as the 
origins of cultivated plants, and the 
animals have in general become as di- 
lectly dependent on man for survival 
as have the plants. Still, there are strik¬ 
ing cases where the domesticates have 
become feral in a new environment, get¬ 
ting along quite well without any con¬ 
tinuing human interference—dogs, cats, 
goats, swine, horses, and cattle have 
perhaps most often been involved. 
These animals have frequently success¬ 
fully established themselves in island 
environments with limited indigenous 
mammal faunas. 

The grazing domesticates, whether 
managed or feral, have been a very 
powerful instrument of landscape 
change in many parts of the world. This 
is reflected in the continuing contro¬ 
versies among ranchers, farmers, and 
conservationists. The goat is outstand¬ 
ing in this respect—it might well be 
called the "ecological dominant” over 
much of the Mediterranean region, the 
Venezuelan Andes, and many other 
parts of the world, including numerous 
oceanic islands. Yet, running through a 
series of ecology textbooks, I find no 
entry of "Goat” in the indexes. 

Sport, Food, and Fur 

Most attempts to transfer wild verte¬ 
brates from one region to another have 
been made with one of these economic 
objectives, though it is sometimes difiB- 
cult to distinguish the economic motive 
from the sentimental one, especially in 
the cases of animals introduced for 
sport. The introduction is made to com¬ 
pensate for alleged deficiencies in the 
local fauna; but the deficiency may be 
apparent because man is hankering aft¬ 
er some particular kind of sport remem- 
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bered from “back home” and is unwill¬ 
ing to adapt his habits to the sporting 
possibilities of the new fauna. 

It is not always easy to get a verte¬ 
brate species established in a new re¬ 
gion, even though the new environ¬ 
ment may seem quite suitable. Bump 
(1951) notes that over a period of sev¬ 
enty-one years many unsuccessful at¬ 
tempts were made to introduce rabbits 
into Australia. Several attempts were 
made to introduce the starling into 
North America before the species was 
successfully established around New 
York by the liberation of forty pairs in 
1890 and of a similar number in 1891 
(Phillips, 1928). (This introduction, of 
course, belongs under the heading “for 
sentimental reasons.”) 

Of the numerous attempts to intro¬ 
duce foreign birds into North America 
for reasons either of sport or of senti¬ 
ment, only six have been successful 
(Wing, 1951, p. 306): the Hungarian 
partridge, the ring-necked pheasant, 
the starling, the crested mynah (in 
British Columbia), the house sparrow, 
the European tree sparrow (in Mis¬ 
souri), and the Chinese spotted dove 
(in the vicinity of Los Angeles). In ad¬ 
dition to these, the ranges of the valley 
quail and the bobwhite have been suc¬ 
cessfully extended by introduction into 
western states. Phillips (1928) has pro¬ 
vided an interesting survey of these at¬ 
tempts at the introduction of wild birds. 

The traffic in introductions has not 
all been one way into the New World. 
Perhaps the most notorious of the ver¬ 
tebrate introductions into Europe has 
been the muskrat, released first in the 
vicinity of Prague in 1905, in the hope 
of adding a valuable fur animal to the 
European fauna. The history of its 
spread and increasing destructiveness 
on the Continent has been reviewed by 
Storer (1937). The species escaped, or 
was released, in England; but there the 
government took strong measures and 
succeeded in exterminating it, prohibit¬ 


ing any further introductions. This is 
interesting as one of the few cases of 
successful extermination of an estab¬ 
lished alien. 

Similarly, the traffic in vertebrates 
has not all been one way across the 
Equator from the Northern to the 
Southern Hemisphere. An interesting 
reverse movement is the recent estab¬ 
lishment of the nutria (Myocastor) 
from Argentina in the southern and 
southwestern United States. The ani¬ 
mal now seems to be thoroughly estab¬ 
lished, but it is still not certain wheth¬ 
er, in the long run, it will be regarded 
as a valuable addition to the list of fur 
animals in the region or as one more 
pest in the rice-growing region (Ash- 
brook, 1948; Swank and Petrides, 
1954). 

There is an extensive literature on 
these wildlife introductions. It has re¬ 
cently been reviewed, from rather dif¬ 
ferent points of view, by Bump (1951) 
and Levi (1952). No clear principles 
and no means of predicting the circum¬ 
stances under which introduction will 
be successful or the possible conse¬ 
quences of success seem to emerge. 
There appears to be a considerable 
group of wildlife specialists who favor 
continuing attempts at the introduction 
of exotic animals, despite the unpre¬ 
dicted and unfortunate consequences 
in cases like those of carp and starlings 
in the United States, rabbits in Aus¬ 
tralia, and deer in New Zealand. 

Biological Control 

The introduction of the mongoose 
into Hawaii and the West Indies is the 
classic case of this type of vertebrate 
dispersal through human agency. Allen 
(1911, p. 217) has sketched the history 
of the spread of this animal in the Ca¬ 
ribbean. 

In 1872, W. Bancroft Espeut imported 
four pairs of mongoose from Calcutta to 
Jamaica, for the purpose of destroying the 
rats that caused so great a destruction of 
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sugar cane. These four pairs increased so 
rapidly, and attacked the rats with such 
ardor, that ten years later it was estimated 
that they effected an annual saving to the 
colony of 100,000 pounds sterling. Shortly 
after, however, they had so reduced the 
rats that they fcU upon the native ground 
animalsy and nearly annihilated certain 
toads, lizards, birds, and mammals. 

Now the mongoose itself is regarded 
as a Grst-class pest everywhere that it 
has been introduced. 

Seaman (1952) has written a short 
but very interesting account of the 
status of the mongoose in the Virgin 
Islands, where it was introduced in 
1884 from Jamaica, shortly before the 
Jamaicans started becoming disillu¬ 
sioned about the value of the animal. 
Again it was effective in reducing the 
rat population for a few years, and 
again it was responsible for great re¬ 
duction in the abundance of other local 
animals. Seaman, however, reports the 
gradual re-establishment of a biologi¬ 
cal balance. The rats, apparently, are 
now as abundant as ever—but they have 
taken to nesting high off the ground. 

He reports that the bridled quail dove, 
once considered to have been exter¬ 
minated by the mongoose, has re-estab¬ 
lished itself, and quail have persisted 
through the mongoose episode despite 
their ground-nesting habits. It is clear 
that various behavior adaptations have 
taken place, probably both on the part 
of the mongoose and on the part of per¬ 
sisting local faunal elements. Surely 
here we have an unplanned but none¬ 
theless interesting ecological experi¬ 
ment that has received nothing like the 
attention it warrants from the point of 
view of ecological theory. The present 
situation oi the mongoose in Hawaii, 
where various faunal adaptations have 
also occuiKxl, has been described in 
some detail by Baldwin et al (1952). 

The other outstanding example of bi¬ 
ological control through vertebrate in¬ 
troduction is the fish Gamhusia, which 
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has been widely spread as a mosquito- 
control measure. The history of this has 
been reviewed by Krumholz (1948). 
The Gamhusia seem nowhere to have 
caused any unexpected disasters; but I 
have never been able to see clear proof 
that they caused any reduction in ma¬ 
laria either. 

Sentiment 

The starling and the English sparrow 
are America’s heritage from the days 
of sentimental animal importation—the 
only two species to become established 
of the many introduced. Birds are the 
most frequent animals introduced for 
sentimental reasons. Thomson (1922) 
records attempts at introducing 130 
.species of birds into New Zealand, with 
success in 24 cases. Eight of the 24 suc¬ 
cessful introductions (ducks, pheasants, 
quail) might be classed as game birds; 
the remainder can be explained only by 
sentimental desire for birds of the 
homeland in the new landscape. 

THE HUMAN HABITAT 

Generalization about man as an agent 
in the spread of organisms is difficult. 
This may partly be because we lack the 
data; careful studies of the adventive 
elements in a biota, like the book on 
New Zealand by Thomson (1922), are 
rare. But, even if we had statistics for 
several major regions, their interpreta¬ 
tion would be difficult, as is shown by 
the difficulties of interpreting the New 
Zealand situation (Allan, 1936; Mur¬ 
phy, 1951). The problem turns largely 
’on the definition and analysis of the hu¬ 
man habitat itself and on the extent 
and nature of human influences in lo¬ 
cal biotic communities. 

If we define the "establishment” of 
an organism in a new situation in terms 
of its ability to persist in the absence 
of any other continuing human influ¬ 
ence on the environmental situation, it 
looks as though remarkably few organ¬ 
isms spread through human agency 
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were able to establish themselves in 
new situations—at least in new conti¬ 
nental situations. This, however, is 
pretty much a theoretical postulation, 
because we do not, in fact, have the 
discontinuance of other human influ¬ 
ences. 

If we look at the organisms that form 
a direct part of the human habitat in 
any part of the world, the percentage 
of aliens, or species spread by human 
agency, seems remarkably large. There 
is also, however, a pervasive human in¬ 
fluence beyond the direct human hab¬ 
itat, that is, beyond the terrain pur¬ 
posefully manipulated by man for sub¬ 
sistence. We have the effects of clear¬ 
ing and abandonment, of the spread 
and the control of fire, of selective tree¬ 
cutting, of hunting and other activities 
turning on sport and recreation, of 
stream manipulation and stream pollu¬ 
tion. It becomes difficult to draw a line 
marking off the human habitat, and 
there is every degree between human 
dominance on Manhattan Island and 
human insignificance in the forest of 
some remote tributary of the upper 
Amazon. Yet even in the remote forest 
we may come across a mango tree, the 
only trace of a Jesuit mission aban¬ 
doned a century and a half ago; and 
there are always the small, shifting 
clearings of the Indians. Vernadsky 
(1945) has proposed the word “no- 
osphere” for the part of the earth’s en¬ 
velope dominated by the human mind. 
On land, at least, the noosphere is com¬ 
ing to correspond with the biosphere. 

As biologists, we are apt to deplore 
this, to brush it off, to try to concen¬ 
trate on the study of nature as it might 
be if man were not messing it up. The 
realization that, in trying to study the 
effect of man in dispersing other or¬ 
ganisms, I was really studying one as¬ 
pect of the human habitat came as a 
surprise to me. But, with the realiza¬ 
tion clear in my mind, I wonder why 
we do not put more biological effort 


directly into the study of this pervd i, :> 
human habitat. 

There are practical consideratioiis. 
To gain an understanding of the pos¬ 
sible effect of accidental or purposeful 
introductions of organisms, we need 
primarily to study this human habitat. 
To estimate the importance and effi¬ 
ciency of our quarantine barriers, we 
need to study this human habitat. We 
live in the human habitat, and the in¬ 
terrelations of the organisms associated 
with us in that habitat affect us at 
every turn. 

But there are also theoretic'al consid¬ 
erations, and I have tried to emphasize 
them wherever I could in this paper. 
The experimental-like situations pro¬ 
duced by man’s alteration of environ¬ 
mental factors, and by his movement 
of organisms into different environ¬ 
ments, offer possibilities for study that 
seem to me not to have been fully real¬ 
ized. There are implications here not 
only for the understanding of ecology 
in the strict sense but also for the study 
of key aspects of the behavior of or¬ 
ganisms and of the possible mechanisms 
of organic evolution. 

Thomson (1922, p. 503) notes: 

The conviction early grew upon me that 
here in New Zealand was a field in which 
the accuracy of Darwin’s views in certain 
directions could be put to the test. The way 
in which certain species of introduced ani¬ 
mals and plants seemed to “run away,” as 
it were, from their recognized specific char¬ 
acters, led to the expectation that new 
forms would spring up in this country under 
altered conditions, and that we should here 
observe the "origin” of new species. I cer¬ 
tainly was not alone in this half-expectation. 
It was somewhat generally, though vaguel\% 
held. 

Thomson reports disappointment, 
from this point of view, after his care¬ 
ful survey of the adventive biota. But 
perhaps he and the other naturalists 
were expecting too much, too obvious 
changes. It seems to me that they were 
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clinging to a morphological concept of man habitat, in which we all live, is a 
spe^es and looking too anxiously for complex, dynamic, elusive, ever chang- 
morphological changes in the intro^ ing environment, certainly not easy to 
duced populations. The key, perhaps, study. But it has the immense advan¬ 
ces not in structure but in behavior, tage of being under our noses, and it 
Here, in surveying the literature, I am offers great possibilities for the under¬ 
impressed by the number of tantalizing standing not only of ourselves but of 
suggestions that seem not to have been the system of nature to which we be- 
followed up or fully analyzed. This hu- long. 
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Disposal of Man’s Wastes 

ABEL WOLMAN“ 


As long as life has existed in this 
world, the disposal of waste has been 
a problem. All living organisms, by the 
very nature of their metabolism, pro¬ 
duce wastes of varying composition, 
weight, and hazard to man and to 
lower animals. This inevitable charac¬ 
teristic of the living organism has in it 
the elements of danger to the individ¬ 
ual if procedures for disposing of 
wastes are nonexistent or inadequate. 
With communities of individuals the 
problem is multiplied. 

Among the waste problems of man 
we normally include the disposal of 
human wastes—feces and urine—and 
the disposal of refuse, such as organic 
garbage, rubbish, weeds, street dirt, 

• Dr. Wolman is Professor of Sanitary En¬ 
gineering at The Johns Hopkins University, 
Baltimore, Maryland. Previously he was editor- 
in-chief of the Journal of the American Water 
Works Association (1921-37) and chief engi¬ 
neer of the Maryland State Department of 
Health (1922-39). He has served as consult¬ 
ing engineer to municipalities, regions, states, 
and federal agencies in more than ten states and 
the District of Columbia. Currently he is serv¬ 
ing as Consultant to the United States Public 
Health Service (since 1939); Bethlehem Steel 
Company (since 1940); Surgeon General, 
United States Army (since 1944); Association 
of American Railroads (since 1946); and Atom¬ 
ic Energy Commission (since 1947). Since 
1942, he has been Chairman of the Advisory 
Committee on Sanita^ Engineering and En¬ 
vironment, Division of Medical Sciences, Na¬ 
tional Research Council, Washington, D.C., 
and Chairman of the Permanent Sanitary En¬ 
gineering Committee, Pan American Sanitary 
Bureau. He was president (1939) of the Amer¬ 
ican Public Health Association and (1942) of 
the American Water Works Association. 


small dead animals, and the like. These 
main classifications are the subject of 
this discussion. 

DISPOSAL OF HUMAN WASTES 

In Modern Western Communities 

Scientific waste disposal is compara¬ 
tively recent even in the developed 
countries of the world, such as Eng¬ 
land, Germany, and the United States. 
In the vast underdeveloped areas the 
problem remains relatively unsolved 
for well over a billion and a half 
people. 

The great sewers of antiquity were 
storm-water surface drains rather than 
true sewers. Their function in the re¬ 
moval of human excreta was purely in¬ 
cidental and unimportant. As a matter 
of fact, until about 1815 the discharge 
of any wastes other than kitchen slop 
into the drains of London was prohib¬ 
ited by law. In Paris the same policy 
was continued until 1880. 

The results of such prohibition of the 
discharge of human wastes into the 
great drains were the accumulation of 
extraordinary amounts of decomposing 
organic matter in all the cities of the 
Western world. The classic investiga¬ 
tion of sanitary conditions which took 
place in Great Britain in the mid-nine¬ 
teenth century provided the basis for 
the relaxation of these restrictions and 
the rapid introduction of human ex¬ 
creta into the storm drains. In the 
United States innumerable storm- 
drainage systems existed even as far 
back as the seventeenth century, but 
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their use for the disposal of human brought with it a new set of problems 
wastes did not become accepted on a is a reasonable price to pay for the 
broad scale until about a hundred years great inherent sanitary advantages. 
ago. In England, in Germany, and in The undesirable constituents of sew- 
the United States the design of com- age are generally classiGed under two 
prehensive sewerage projects dates main heads: the living germs and the 
from about 1850, with installations in dead organic matter. The first of these 
Chicago in 1855, in Hamburg in 1842, create disease, and the second produces 
and in Berlin in 1860. nuisances. The great epidemics of the 


With the advent of the water-car¬ 
riage system for human excreta in the 
early nineteenth century, the commu¬ 
nity assumed the responsibility for the 
disposal of the wastes of the individual. 
Thus a new set of problems was created 
in the large communities, which were 
already plagued by the unsuccessful 
and dangerous procedures used by the 
individual. This technological advance 
corrected promptly the unsanitary con¬ 
ditions surrounding each dwelling by 
transferring the problem to the out¬ 
skirts of each city. At these peripheral 
limits the concentrated filth from the 
entire population then had to be dis¬ 
posed of. Since the water-carriage sys¬ 
tem diluted the wastes from the indi¬ 
vidual by almost one hundred fold, the 
new problem involved a large volume 
of water, sullied by the addition of hu¬ 
man excreta, kitchen wastes, and bath¬ 
ing wastes. 

In general, for each 100 gallons of 
sewage per capita per day delivered 
from the average American community, 
less than one-half of 1 per cent repre¬ 
sents the true waste ingredients. In 
England and in Germany the total unit 
volume would be of the order of less 
than 50 gallons per capita per day. 

The major problem confronting every 
community in the developed countries 
of the world, therefore, is the disposal 
of vast quantities of water which have 
been deliberately fouled by the addi¬ 
tion of the wastes produced by the 
average house, business, and industry. 
On balance the water-carriage system 
represents the major sanitary advance 
over the centuries. That the process 


past, such as typhoid fever, cholera, 
and diarrhea, had their origins in hu¬ 
man wastes which polluted private and 
public water supplies. Where these 
supplies were inadequately purified, 
which was often the case in the nine¬ 
teenth and early twentieth centuries, 
diseases of intestinal origin were ex¬ 
tremely widespread. The details of 
these great epidemics need not be re¬ 
peated here, because the public health 
literature is replete with examples. It is 
worth recalling, however, that the se¬ 
vere epidemics of Asiatic cholera in 
Hamburg in 1892-93 probably taught 
the lesson of the danger of water-sup¬ 
ply contamination in a fashion un¬ 
equaled by any other experience in 
sanitation. It must be remembered in 
this connection that the acceptance of 
the germ theory of disease was at the 
time less than a year old. 

Since sewage contains bacteria, cysts, 
viruses, and other biological forms ca¬ 
pable of causing disease when ingested 
by man, the significance of its prompt 
removal from contact with media and 
materials which may gain access to 
man is obvious. The routes by which 
disease may be transmitted are gen¬ 
erally through water supplies, shellfish, 
bathing beaches, and insects. 

The second major problem asso¬ 
ciated with the disposal of water-car¬ 
ried wastes is in the conversion of the 
organic to stable inorganic matter. Un¬ 
less this is done, the decomposition will 
inevitably cause a nuisance. Although 
all sewage-purification processes gen¬ 
erally reduce the number of bacteria 
present, this accomplishment is inci- 
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dental, and the real problem is to re¬ 
duce and to convert the organic matter 
into stable and unobjectionable form. 

This situation is complicated, of 
course, where the wastes from manu¬ 
facturing are abundant. Their influence 
on processes and on ultimate disposal 
must always be taken into account. 
Toxic materials, which might influence 
and deter biochemical processes, also 
add to the complications of sewage 
treatment. In the past, most of the large 
cities of the Western world disposed 
of their wastes by taking advantage of 
the natural purification capacities of re¬ 
ceiving bodies of water, such as lakes, 
rivers, and oceans. This method was 
practiced by New York City, London, 
Chicago, Cleveland, and other cities. 
It was and is a legitimate use of such 
resources, provided the amount and 
nature of these wastes are carefully and 
adequately related to the capacities for 
their assimilation by such waters. 
Modern technology provides the tools 
by which to evaluate these balances, 
and, until these relationships become 
sharply unbalanced, the discharge of 
regulated amounts of wastes with only 
minor treatment into such bodies of 
water is not only permissible but of 
great economic value in reducing the 
investment in sewage treatment. 

As is often the case, such natural 
purification was relied upon in many 
instances well beyond fihe point at 
which it was successful or appropriate. 
With the growth of communities, the 
procedures became less and less suc¬ 
cessful. Most of the great cities of the 
world have had to supplement the nat¬ 
ural purification in near-by waters by 
artificial processes to prevent these 
waters from producing a nuisance from 
odor, sludge deposits, oily surfaces, or 
objectionable physical appearance. 

The development of artificial proc¬ 
esses of sewage treatment began ap¬ 
proximately a hundred years ago, be¬ 
cause it was apparent even then that 


rivers and harbors were reaching 
satisfactory status. Early investigators 
turned promptly, therefore, to a search 
for artificial methods which would ac¬ 
complish the same purposes as natural 
purification, would entail minimum 
costs, and might provide, if possible, 
for the recovery of important organic 
constituents. 

The great mid-nineteenth-century in¬ 
vestigations in England by parliamen¬ 
tary commissions provided the practi¬ 
tioner with important data on the char¬ 
acteristics of the wastes themselves. In 
general, then and now, the water-car¬ 
riage wastes of most communities con¬ 
sist of a mixture of inorganic and or¬ 
ganic volatile substances of nitrogenous 
and carbonaceous matter. In the United 
States the total organic matter of sew¬ 
age is approximately 0.2 pound per 
capita per day. A total nitrogen value 
for American city sewages varies from 
15 to 35 parts per million by weight; 
about one-half of this will be in the 
form of free ammonia, while the re¬ 
mainder generally is in the form of 
organic nitrogen. The total carbon of 
many of the sewages will average about 
200 parts per million, of which perhaps 
75 parts may be found in the nitrog¬ 
enous material. Fats represent a con¬ 
siderable problem in municipal sew¬ 
ages and may average approximately 
50 parts per million. 

Variations in city sewages may ac¬ 
count for deviations as much as TO per 
cent from these figures. The total or¬ 
ganic material ordinarily would repre¬ 
sent about 200 parts per million when 
measured by the biochemical oxygen 
demand at 20° C. for five days. Sus¬ 
pended material is usually of me same 
order of magnitude. In those countries 
in which the per capita use of water is 
materially less than in the United 
States, such as in England, Germany, 
and France, sewage strength is mate¬ 
rially greater. Design of treatment 
processes therefore must take into ac- 
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count the nature of the populations 
served and of their water uses. 

The royal commissions on sewage 
disposal in England recognized the fact 
that the only way to prevent the in¬ 
creasing pollution of rivers was to puri¬ 
fy community sewage. It was natural 
for these commissions to decide that 
the most appropriate way of doing this 
was to dispose of these wastes on land. 
They were strongly motivated in this 
by the assumption that the fertilizer 
values of nitrogen and phosphorus in 
sewage would be adequately conserved 
and used for the benefit of animal and 
plant life. This emphasis on land dis¬ 
posal probably retarded the develop¬ 
ment of successful artificial procedures 
for treating sewage by at least a quar¬ 
ter of a century. The attempted dis¬ 
posal on land of vast quantities of sew¬ 
age water, particularly in a country 
having relatively few dry months in a 
year, was a dismal failure. It was a 
failure likewise in most other countries 
in which it was carried out and in 
which equally inappropriate climato- 
logic conditions prevailed. In addition, 
great difficulties were encountered with 
soils too fine to permit adequate ab¬ 
sorption of liquid and solid without 
clogging. 


tions. In virtually all, the sewage was 
first settled in large tanks to remove as 
much of the suspended material as pos¬ 
sible so as to subject the resulting Ikp 
uids to increasingly high-speed trans¬ 
formation on smaller and smaller units 
of land. This evolution may be quanti¬ 
tatively demonstrated by the fact that 
whereas an acre of land in the original 
land-treatment process would provide 
for 10,000 gallons of sewage per day, 
the modern activated-sludge treatment 
plant accomplishes the same or a simi¬ 
lar result on one acre for 6,000,000 gal¬ 
lons of sewage per day. 

In the developed countries of the 
world, therefore, current practices in 
the treatment of municipal sewage are 
predominantly either by the trickling- 
filter method or by the activated-sludge 
process. In the United States, in 1954, 
the sewage of approximately 95,000,000 
urban people was collected, and that of 
some 60,000,000 was processed to some 
degree of purification. In general, the 
treatment was accomplished by an in¬ 
vestment cost of from $12.00 to $25.00 
per capita and an operation and main¬ 
tenance cost of from $1.00 to $2.00 per 
capita per year. 

Although it is evident that tremen¬ 
dous strides have been made in the 


When the scientists and the technolo¬ 
gists gradually escaped from both this 
hope and this emphasis on land treat¬ 
ment, development of artificial proce¬ 
dures moved forward with great rapid¬ 
ity. In each of these artificial methods 
the saint' principles, however, were 
used as were applicable in theory to 
land treatment. The objective in each 
was to perform biochemical conver¬ 
sions in artificial structures, with great¬ 
er speed than nature afforded and with 
smaller expenditures of money. 

Processes moved, therefore, through 
adaptation of land treatment to arti¬ 
ficial sand filtration, contact beds filled 
with stone, trickling filters, and to acti¬ 
vated sludge and its many modifica- 


treatment of municipal sewages, it is 
still true that we must continue the 
search for better and more economical 
solutions to two major features of the 
problem. We are still badly in need of 
a treatment process which is cheaper 
.than any so far developed for water- 
carried wastes. Second, the disposal of 
sludge resulting from such wastes is 
still unsatisfactory. The complete de¬ 
struction of such material not only is 
costly but dissipates a material rela¬ 
tively valuable for soil conditioning. 
The salvage of this material does not 
under existing conditions pay for cap¬ 
ital investment and operation and 
maintenance. The fertilizer values of 
activated sludge, however, are high, 
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and a ready sale for it is sometimes 
available. In American practice, how¬ 
ever, where large amounts of this re¬ 
covered material reach the market, the 
price paid for drying and packaging 
even of activated sludge sharply de¬ 
clines when too much floods the mar¬ 
ket. 

For example, in 1954, at Milwaukee, 
Wisconsin, the cost of producing a sal¬ 
able and excellent dried activated- 
sludge fertilizer fell far short of meet¬ 
ing the cost of maintenance and opera¬ 
tion of the sludge-drying plant. It met 
none of the investment cost. In 1955 the 
price fora somewhat inferior grade of 
dried sludge, namely, $7.50 per ton, 
represented in Baltimore, Maryland, 
about one-half of the capital and main¬ 
tenance and operation charges on the 
sludge-drying plant. 

The disposal of water-carried sew¬ 
age, therefore, in most of the Western 
world entails a public health and a so¬ 
cial responsibility. Recovery values, 
however, are of long-range interest to 
society for conservation reasons rather 
than because of economics. 

Waste Practices in Under¬ 
developed Countries 
The comments hitherto presented 
have dealt exclusively with the disposal 
of human and industrial wastes in com¬ 
munities of reasonably well-developed 
countries, for the most part in the 
Western Hemisphere. In these areas 
large aggregates of population have 
made the use of water-carriage sewer¬ 
age systems and sewage-treatment 
plants a standard practice. 

In these same areas large rural popu¬ 
lations have dealt with the problem on 
a less expensive, less mechanized, and 
reasonably satisfactory basis by the use 
of septic tanks and subsurface irriga¬ 
tion. The practices, which have grown 
up under the more favorable economic 
circumstances in the Western world, 
have of course produced better environ- 


Maiis Wastes HI \ 

mental sanitation, even in rural .ueas 
where distances between contacts are 
great and the probabilities of infection 
correspondingly reduced. 

In the rest of the world, however, in 
what is loosely described as underde 
veloped areas, the problem of disposal 
of human wastes is both difficult and 
unsolved. The proportion of popula¬ 
tion, consisting of well over a billion 
people, living in rural areas is very 
great and poorly provided with dis¬ 
posal facilities. In the urban and dense¬ 
ly populated cities some semblance of 
water-carriage sewerage facilities is 
available. 

Simple and less-than-perfect methods 
prevail in all the rural areas. The facili¬ 
ties vary from the most up to date and 
sanitary for a few to the most medieval 
ones for most. The outside privy, of the 
bucket or pit system, in most instances 
oflFers the only economical and success¬ 
ful solution. The cost or scarcity of 
water in relation even to reasonable 
aggregates of population makes the in¬ 
stallation of water-borne sewerage well- 
nigh impossible. 

In the Middle East the field of sani¬ 
tation is still untilled for the rural sani¬ 
tarian. Where ministries of health have 
been especially active or internationally 
assisted, sanitation projects have been 
started. Satisfactory latrines have been 
installed by individuals and sometimes 
have been well maintained. By and 
large, however, these have been the ex¬ 
ception rather than the rule. Even the 
elementary precepts in the sanitation 
code of Moses or of the Koran and the 
Bible are poorly obeyed. As in many 
other parts of the world, the safe dis¬ 
posal of human excreta here remains 
one of the greatest sanitary challenges. 
The discharges are promiscuously dis¬ 
tributed in the field, on the banks of 
irrigation canals or drains, in the 
houses, or in the secluded nooks or 
corners of the village street. The latrine 
is rare, simply because the ideal or uni- 
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versal and cheap one still remains to be 
developed or used. General use of hu¬ 
man excreta for fertilizer is fairly wide¬ 
spread, relatively uncontrolled, and 
generally not too effective. 

In rural Brazil several types of inex¬ 
pensive excreta-disposal facilities have 
been developed: the bored-hole latrine 
and two types of pit privies. Many of 
these have been installed, largely 
through the co-operative enterprises of 
Brazil and the United States of Amer¬ 
ica. Their continued maintenance re¬ 
mains a problem, and the use of the 
contents for any well-controlled agri¬ 
cultural purpose is minimal. 

In the Philippines surface disposal in 
rural areas has been found to be most 
convenient and perhaps most danger¬ 
ous. The bamboo groves in the back 
yard provide privacy, the excreta 
quickly dry up in many seasons of the 
year, and the odor and fly problems 
have not been too severe. Under the 
pressure of the Central Health Depart¬ 
ment, however, more effective means 
of waste disposal are gradually being 
installed in the village and farm areas, 
particularly in view of the fact that 
gastrointestinal disease is one of the 
leading causes of death in infants. The 
pit-privy type of installation has moved 
forward slowly, but, where it has be¬ 
come generally used, it, again, has not 
offered a major agricultural supple¬ 
ment. 

In East Pakistan 42,000,000 people 
subsist mainly on agriculture in an area 
of approximately 55,000 square miles. 
The density of population is very high, 
and many preventable diseases of sew¬ 
age origin prevail in great numbers. 
Cholera, typhoid, dysentery, and diar¬ 
rhea account for 30,000-40,000 deaths 
a year. Disposal of human excreta is 
elementary in character and quite un¬ 
important in economic recovery for 
agricultural use. 

More than 85 per cent of India’s pop¬ 
ulation lives in innumerable impov¬ 


erished villages, all dependent for their 
existence on farming and agriculture. 
Neither good water supply nor satis¬ 
factory excreta disposal is to be found. 
The open spaces and the by-lanes are 
the natural places for excreta deposi¬ 
tion. Generally, no recognized means 
for excreta collection and removal are 
to be found. 

The towns and the smaller cities of 
India are not much better served. The 
dry-pail type of latrine is common. The 
socially outcast scavenger provides for 
hand removal and the cleaning of these 
latrines. They are washed in the street 
drains, and only a small quantity of ex¬ 
creta ever finds its way to any central 
disposal ground. Where the excreta are 
actually collected, they are stocked in 
drums at selected depots and carried to 
a central ground disposal. In most cases 
this material is composted with the 
town refuse, using the familiar “Banga¬ 
lore Method.” This consists primarily 
of mixtures in trenches three to four 
feet deep. Here the contents are held 
for four to six months. Thereafter, low- 
grade soil-conditioner results, which is 
applied to the agricultural land. This 
compost has a market value and is 
readily salable, but the collection sys¬ 
tem is eminently unsatisfactory and hy- 
gienically dangerous. Many efforts have 
been made in the past to extend this 
composting procedure with a more hy¬ 
gienic system of collection, but the sani¬ 
tarian has a long way to travel before 
the procedure may be considered ac¬ 
ceptable. 

Scott (1952) has frequently empha¬ 
sized the significance of fecal-borne dis¬ 
ease in China and has pointed out the 
importance of controlling these diseases 
at their source. For this purpose he has 
offered three alternatives; (1) disposal 
of the excreta in bored-hole latrines; 
(2) piping it to central treatment 
plants (both expensive and wasteful); 
or (3) composting the excreta so that 
sanitation aims are achieved and plant 
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foods are conserved for agricultural 
purposes. 

So far large-scale experimentation 
has been the only efiFort along any of 
these lines in prewar China and in 
scattered areas in Japan. The underly- 
ing principles of composting are sound, 
but the increasing cost of transport of 
excreta, the hygienic management of 
composted materials, and the undem¬ 
onstrated economic values to be at¬ 
tained still offer stumbling blocks to 
widespread use. As the great metro¬ 
politan areas in these countries have 
developed and spread, the night-soil 
collection, transportation, and disposal 
costs have mounted, in some instances 
to the point of vanishing money return 
for excreta use on the land. 

In recent years the University of 
California has devoted considerable 
time to a study of the reclamation of 
organic wastes by composting. The 
eternal search for a cheap way not only 
to convert these organic wastes but to 
supplement soil fertility has renewed 
interest in the subject in all parts of 
the world in recent years. Even where 
the process has been reasonably well 
developed, it has been practiced as an 
art. Its scientific basis and control have 
not been too well understood. Perhaps 
the greatest progress in the direction of 
combining excreta vdth organic refuse 
for periods of time sufficiently long to 
produce a fairly stable humus has been 
made in England, in the Netherlands, 
and in recent years in Santa Ana in the 
Republic of El Salvador in Central 
America. Here the process has been 
successful, for the control has been 
careful and accurate. Important con¬ 
tributions on a field scale have come 
from the operations at the University 
of California; Dannevirke, New Zea¬ 
land; Ficksburg, South Africa; Dum¬ 
friesshire, Scotland; and the Nether¬ 
lands. 

Interest in composting, of course, has 
persisted over the centuries, as in 


China and India, where the resultant 
preservation of soil fertility has bteu 
significant. The mixtures have covc*red 
sewage sludge and sewage screenings, 
municipal refuse, street and market 
refuse, .stable manure, night soil, and 
straw. Yet at this writing, althougli 
interest is again high, a sound and eco¬ 
nomical composting procedure is still 
unavailable to meet reasonable public 
health and fiscal requirements. The 
search will undoubtedly go on, because 
the process remains one of the most 
promising possibilities for sewage rec¬ 
lamation. 

WASTE WATER AND RECLA¬ 
MATION UTILIZATION 

The search for an economic recovery 
of human waste products has been 
paralleled by efforts to obtain the gen¬ 
eral acceptance of the concept of waste 
water as a true water resource. For 
many years workers have insisted upon 
viewing sewage wastes as potential 
material for irrigating land, for the re¬ 
charge of subterranean aquifers, or for 
industrial re-use. Many examples of 
successful applications for each of these 
purposes are to be found in the United 
States and to a limited degree in other 
countries of the world. Obviously, these 
practices have been developed most 
rapidly in arid and semiarid areas. This 
accounts for the fact that in California 
alone some 350,000 acre-feet per year 
of sewage-plant effluents from private 
and public institutions and municipali¬ 
ties have been applied to the soil for 
agricultural purposes or for under- 
ground-water recharge. The extension 
of these uses will undoubtedly occur as 
time goes on because of the economic 
value of such application and because 
of the increasing pressure for water 
conservation. 

In the United States some nine in¬ 
dustries now make use of effluents from 
municipal sewage-treatment plants, 
with important economic benefits. Such 
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effluents are used for cooling water, 
for process water, for irrigation and 
boiler-feed water, and for combined 
process and cooling water. 

Perhaps the largest installation of 
this type is at the Bethlehem Steel 
Company plant at Sparrows Point, 
Maryland, near Baltimore. The plant 
manufactures rod, wire, tin plate, rails, 
pig iron, nails, pipe, ships, and miscel¬ 
laneous steel products. It employs be¬ 
tween 25,000 and 30,000 people and 
uses vast quantities of fresh, brackish, 
and salt water for various purposes, 
ranging from drinking to the quenching 
of coke. Since 1942 this plant has been 
using the processed-treated effluents of 
sewage of some 950,000 people in the 
city of Baltimore. In 1955 it used vir¬ 
tually the entire flow of sewage from 
this great city, after the sewage had 
passed through the municipal sewage- 
treatment plant and had been further 
processed for industrial plant purposes. 
This re-use of treated sewage will soon 
represent approximately 150,000,000 
gallons per day, perhaps the largest 
amount of water-carried sewage re¬ 
used in any one place in the world. 

The processes used for the above 
purposes are neither complex nor haz¬ 
ardous. The activity has been suc¬ 
cessfully managed for over twelve 
years and has resulted in major eco¬ 
nomic and sanitary advantages to both 
the city of Baltimore and the Bethle¬ 
hem Steel Company. It offers a fruitful 
example to many parts of the world of 
the recycling of waste water for con¬ 
servation and economic values, 

REFUSE DISPOSAL 

The accumulation and disposal of 
rubbish, garbage, small dead animals, 
street dirt, weeds, and other evidences 
of communit)’ living has been one of 
the major problems of society over the 
ages. In this, as in the field of human 
wastes, the search has been perennial 
and persistent for a process which 


would salvage valuable materials and 
would have economic validity. 

The differences in practice in var¬ 
ious countries of the world are striking. 
In England, where salvaged materials, 
such as glass, metal, and fats, are po¬ 
tentially significant, much is recovered 
from these types of municipal wastes 
through central salvage stations. Many 
of these plants grew to importance 
during and after World War II. In the 
United States, where labor costs are 
high, salvage for waste materials gen¬ 
erally is not practiced, and the recap¬ 
ture of metals, glass, and fertilizer 
values has not been too favorable from 
an economic standpoint. 

The disposal of refuse, therefore, has 
moved from an earlier so-called “re¬ 
duction” process to high-temperature 
destruction at 1,200°-1,600° F. The 
emphasis on reduction resulted from 
the desire to produce grease and low- 
grade fertilizer. Reduction caused great 
sanitary difficulties with the disposal of 
gaseous, liquid, and solid wastes. The 
by-products brought highly fluctuating 
prices on the open market, years of 
prosperity being followed by years of 
virtually no sales. Construction costs 
were high, and operating problems 
were numerous and costly. 

It was not long, therefore, before 
most American cities in the mid-twen¬ 
tieth century were driven to high-tem- 
perature destruction, because of lower 
capital investment, easier operation, and 
more satisfactory hygienic disposal. As 
even these costs rose, however, many 
municipalities turned to the controlled 
sanitary fill, encouraged by the added 
prospect of recovery of wasteland. 

This method was and is widely prac¬ 
ticed and has reclaimed many areas for 
park and recreational purposes. Oper¬ 
ating costs per ton of material are a 
fraction of those entailed in high-tem¬ 
perature destruction—some 50 to 60 
cents per ton compared with $2.50 to 
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$3.00 per ton tor the latter. Unfortu¬ 
nately, areas 'within economic transpor¬ 
tation distance of the production of 
refuse which can serve for sanitary fill 
purposes are becoming fewer in num¬ 
ber and extent in the great metropoli¬ 
tan areas of this and other countries. 

For the major cities, composting tech¬ 
niques at this writing have not been 
widely accepted. The requirements of 
land, the excessive costs of haul, the 
difiBculties of true composting control 
methods to avoid nuisance, and the 
problem of finding adequate markets 
for ultimate product have all militated 
against the widespread adoption of this 
procedure. It is still true, however, that 
many people are attracted to the meth¬ 
od and will continue to pursue its de¬ 


velopment, at least experimentalh Fhc 
next decades may see wider aj)phca¬ 
tion of composting. 

In spite of the efforts of the past, it 
must be admitted that no satisfactory 
method has so far appeared for han¬ 
dling and disposal of refuse which 
meets the joint requirements of sani¬ 
tation, of conservation, and of economy 
in costs. In this field, as in others, the 
day of balance between destruction of 
wastes and re-use or salvage will prob¬ 
ably dawn as the resources of each 
country become relatively more and 
more limited. It is perhap.s axiomatic 
that conservation is most often the 
child of necessity, at least where re-use 
and recovery of human and community 
wastes are concerned. 
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Sanitation Practices and Disease Control in 
Extending and Improving Areas for 
Human Habitation 

A. LESLIE BANKS* and J. A. HISLOPt 


INTRODUCTION 

The subject of man's role in changing 
the face of the earth deals with one of 
the most important problems confront¬ 
ing the world today, and it is with some 
considerable anxiety, and a due sense of 
the responsibilities involved, that we 
have approached our task of discussing 
the influence of disease and disease 
control in this context. 

In order that there should be no mis- 
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and Sub-tropical Countries, 1954. 
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of rheumatic disease in rural areas and a com¬ 
prehensive investigation Into medical care widi 
particular reference to maternity services, men¬ 
tal health, the chronic sick, and specialist 
services. 


understanding as to the manner in 
which we have interpreted our title, it 
will be advisable at the outset to define 
the terms involved. By “sanitation’^ is 
meant the adoption or control of any 
measures pertaining to, or connected 
with, the improvement of the health of 
mankind or relating to the preservation 
of health. In other words, we have ac¬ 
cepted the Latin definition of sanitas, 
i.e., health of body and mind. 

Regarding the word “disease,” we do 
liOt propose to be bound by the ancient 
meaning of lack of ease, or its later in¬ 
terpretation of departure from the clin¬ 
ical norms of bodily or mental health, 
but rather to accept the World Health 
Organization definition of health as “a 
state of complete physical, mental and 
social well-being and not merely the ab¬ 
sence of disease or infirmity” (World 
Health Organization, 1946), and to 
deem disease as the antithesis of this 
concept of health. 

Similarly, in discussing areas for hu¬ 
man habitation, we have not limited 
ourselves to the great cities or industrial 
communities, nor should our remarks 
be taken to refer to continents and 
countries, but rather to the individual 
and his family wherever they may be 
found. It may be advisable at the outset 
to make clear our belief that it is in 
small units of civilisation, for example, 
the local neighbourhood in the town 
and the village in the rural area, that 
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the problems under discussion may best 
be studied. 

Man’s interest in maintaining his 
health and that of his family is a subject 
which has exercised the minds of the 
leaders in each succeeding civilisation. 
A study of folklore in all countries re¬ 
veals many instances of attempts, some¬ 
times pathetic and sometimes brutal, to 
drive out disease, whether by means of 
charms, witchcraft, talismans, or tre¬ 
phining. The earliest medical code 
known was devised by Hammurabi with 
the clear intention of improving the 
practice of medicine and discouraging 
the careless and over-ambitious sur¬ 
geon, and the Edwin Smith, Ebers, and 
other papyri contain many hundreds of 
remedies against disease still recognis¬ 
able today. 

It was in ancient Greece, however, 
that our modern pattern of disease be¬ 
came more clearly evident and where 
its study by careful observation and de¬ 
duction was undertaken. As might be 
expected, the emphasis in the ancient 
world was on cure or palliation rather 
than the prevention of disease, and in¬ 
deed it may have been considered im¬ 
pious to examine too closely the causes 
of disease, for this might provoke fur¬ 
ther the wrath of the gods who had 
inflicted it. 

An exception was the Mosaic code, 
which provided simple instruction for 
prese rving the health of nomadic and 
of senii-nomadic agricultural commu¬ 
nities. It was not, however, until the 
grow ^h of the Roman Republic that the 
ancieni clinical and preventive knowl¬ 
edge w as combined as the resources of 
the corncuinity grew. It is unfortunate 
that with the decline and fall of the 
Roman Empire this wisdom, collected 
and practised over a thousand years, 
became forgotten and was not recalled 
for fifteen hundred years. 

Little is known about health and wel¬ 
fare conditions in Europe, or indeed in 
the world, for the six hunted years fol- 


lowing the fall of Rome, but it is not 
long after that before we begin to End 
ample evidence of the influence of the 
three spectres of war, famine, and dis¬ 
ease. It is said, for example, that be¬ 
tween A.D. 970 and 1100 there were 
sixty famine years in France alone, and 
one-third of the population of Paris died 
of starvation in 1418 (Sand, 1952, p. 
149 n.). Venice, by reason presumably 
of its commerce with the East, had the 
unenviable history of sixty-three epi¬ 
demics of plague in six hundred years 
( ibid., p. 151). In 1493 we have the first 
recognition of the great pox, syphilis, in 
Europe. By medieval times the pattern 
of disease which we are now making 
such desperate efforts to alter had 
clamped down on the world. Infant 
mortality, for example, was so heavy 
that in England in 1550 the expectation 
of life from birth was eight and a half 
years, and in Geneva in the same year 
it was four years and nine months. In¬ 
deed, the average expectation of life 
from birth never exceeded nineteen 
years in Britain until some one hundred 
and fifty years ago. 

It is no exaggeration to say that by 
the eighteenth century the great killing 
diseases had reached their peak 
throughout the world—a peak which in 
many countries has developed into a 
plateau. The infectious diseases of in¬ 
fancy, including the dreaded infantile 
diarrhoea, and the great killers, tuber¬ 
culosis, syphilis, and malaria, combined 
with the pandemic diseases of cholera, 
plague, and typhus to make life brief 
and uncertain. Parasitic infestations 
were the rule, rather than the exception, 
throughout all classes of society. It is 
small wonder that with this appalling 
background the general level of igno¬ 
rance was high, and that few attempts 
were made to stem the overwhelming 
tide of disease. 

It is true that quarantine had been 
introduced in Venice as early as 1377 
and was subsequently adopted by other 
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countries. Some towns and city states 
also made attempts, from time to time, 
to improve their sanitary environment 
and the health and well-being of their 
inhabitants, but these attempts seem to 
have depended almost entirely upon the 
efforts of one or two men and were not 
sustained for long periods. Looking 
back over these troubled times, it seems 
clear that the main defect in the at¬ 
tempts to control disease was the ab¬ 
sence of continuity of effort, quite apart 
from the lack of special knowledge. 
Once again one is forced to the conclu¬ 
sion that it is useless to promulgate 
laws unless the means to enforce them 
are available, a state of affairs which 
still prevails in many parts of the world. 

From the sixteenth century onwards 
the voyages of discovery, and the ac¬ 
quisition of overseas possessions by a 
number of European countries, led to 
increasing wealth and the organised de¬ 
velopment of industries such as wool, 
iron, coal, printing, and glass, which 
called for more labour in the towns. 
The inventions of the eighteenth cen¬ 
tury set mankind working at a fearful 
pace. Furthermore, having left the 
country for the town, there was no re¬ 
turn, and the mass of people were at 
the mercy of fluctuations in world mar¬ 
kets over which they had as little con¬ 
trol as their ancestors had over the ele¬ 
ments. Worse still, it was soon found 
that women and children could tend 
machines as well as or better than men, 
and it was not long before the ex¬ 
ploitation of female and child labour 
developed to such an extent as to en¬ 
danger the future health of entire na¬ 
tions. 

DISEASE CONTROL IN TEM¬ 
PERATE CLIMATES 

The beginnings of our present meth¬ 
ods of disease control date back only 
about two hundred and fifty years. In 
England, for example, the writings of 
Sir William Petty (1690, 1691) and 
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others, and the statistical researches of 
John Graunt (1662) into the London 
Bills of Mortality, demonstrated that the 
effects of disease could be measured in 
economic terms. The Great Plague of 
London, according to Petty, cost the 
country some seven million pounds by 
reason of the lives lost, and Graunt was 
able to demonstrate, inter alia, the high 
mortality in infancy and especially of 
male children. 

Here it is worth noting the factors 
which influenced then, and still do, the 
efforts to control disease. They are 
three in number: fear, altruism, and 
economic needs. The reason for fear 
may vary. Formerly it was inspired by 
the great pandemic diseases of plague 
and cholera, and lately it has changed 
to other diseases and their effects on 
society. Altruism is as old as man him¬ 
self, for it forms the basis of all the an¬ 
cient religious teachings on charity to 
the poor and suffering. Economic ex¬ 
pansion is a more modem factor, but 
one which now dominates the other 
tv/o, whether the search be for labour, 
new markets, or for rare minerals or oil. 

It will be advisable to consider at this 
stage the methods by which measures 
for disease control have been carried 
out. First came voluntary effort, next 
local government effort, then legisla¬ 
tion on a national basis, and finally in¬ 
ternational action. In some countries 
the stage of local government action 
has been omitted, so that we have a 
picture, not of the growth of health 
services from below, but of their impo¬ 
sition from above—a most undesirable 
state of affairs. 

A term much in use in Britain some 
eighty to ninety years ago was “sani¬ 
tary science,” which dealt with the 
principles by which health was to be 
maintained and disease prevented. 
There was a general belief that all that 
was needed was to improve the physical 
environment, and there was little un¬ 
derstanding of the other environmental 
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components, biological and social, to 
which we now devote so much atten¬ 
tion. While it was understood that pure 
air, adequate water supplies free from 
contamination, the safe disposal of 
waste products, and a dust-free working 
environment were necessary to prevent 
disease, lack of knowledge, particularly 
in the bact(*rioJogical and pathological 
fields, prevented further developments 
in this direction. The study of the so¬ 
cial environment, in particular, belongs 
rather to this century than to the last. 

It was also fashionable, when scien¬ 
tific boundaries appeared to be more 
clear out than they do at the present 
time, for many human ailments to be 
ascribed to hereditary influences. The 
rheumatic diathesis was thought to ac¬ 
count for many of the problems of 
rheumatism, and similar considerations 
applied to tuberculosis and a number 
of other diseases. The environmental¬ 
ists, on the other hand, held that the 
influence of the environment was all- 
important. Today it is recognised that 
both influences are at work, and if 
more attention is paid to the environ¬ 
ment it is because this offers a promis¬ 
ing short-term prospect of improve¬ 
ment, whereas genetical change is a 
long-term matter. 

It is, however, on the interplay be- 
tw(*en inherited strengths and weak¬ 
nesses and a faulty or sound environ¬ 
ment that a true picture of the causes 
of disease may often be found. If the 
tubercle bacillus can be removed from 
the environment by eliminating the hu¬ 
man carrier, and by providing tubercle- 
free milk, then any inherited tendency 
to this disease ceases to be of impor¬ 
tance. In his struggle against disease 
man seeks, therefore, firstly to build up 
his natural powers of resistance, second¬ 
ly artificially to enhance these, and 
thirdly to destroy the causes of disease 
in his surroundings. In the field of ac¬ 
quired immunity there have been truly 
remarkable advances. For many years 


Jenner s discovery in the prevention of 
smallpox was the only noteworthy con¬ 
tribution, whereas today it is possible 
to protect against nearly all the great 
infections, including vaccination with 
B.C.G. against tuberculosis, so much so 
that the traveller to foreign countries 
may find himself in sympathy with a 
pincushion. 

It is in the realm of the antibiotics 
and insecticides that the most dramatic 
means of controlling the biological en¬ 
vironment have been evolved, and it is 
no exaggeration to say that the discov¬ 
ery of penicillin and related substances 
has revolutionised the control of disease 
in many parts of the world. 

In many Western countries the kill¬ 
ing diseases of childhood and early 
adult life have receded in importance 
far enough to reveal other conditions, 
such as certain virus diseases, cancer, 
the degenerative diseases, and the so- 
called “stress” diseases, which have 
hitherto been obscured by the great 
mass of infections and the early deaths 
from these. Already it is possible to see 
the transition in emphasis from the 
physical and biological to the social en¬ 
vironment, for many current “medical” 
problems are now recognised to be 
medico-social or, indeed, socio-medical 
in character. The word “social” is not 
easy to define. It derives from the Latin 
socius, “a company,” and the old def¬ 
initions relate it to society, men living 
in society, or to the public as an aggre¬ 
gate body. More popularly, we might 
consider it as relating to man himself, 
with all his faults and virtues. Certain¬ 
ly, from the health and welfare point of 
view, there is a multitude of mental 
and emotional factors to be considered 
in connection with the extension and 
improvement of urban areas for human 
habitation, for the whole field of mental 
health must be explored here in addi¬ 
tion to that of physical disease. 

It is in our highly urbanised com¬ 
munities that the causes of mental ill- 
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health and emotional unrest are particu¬ 
larly to be found. Here disease in its 
more ancient meaning no longer 
applies, for mental unhappiness turns 
on matters such as faulty human rela¬ 
tions in industry, inadequate education, 
financial crises, and the threats of war, 
in addition to the inability of the indi¬ 
vidual to adjust to the environment in 
which he finds himself at a given mo¬ 
ment. Now the remedy must be sought 
anew, and it is in the field of family 
welfare, preventive psychiatry, fitting 
the job to the man rather than the man 
to the job, and in a sound educational 
pyramid that the prevention and cure of 
these conditions must be sought. Such 
diseases, for example, as peptic ulcera¬ 
tion, coronary thrombosis, and certain 
types of eczema, cannot be dealt with 
only by means of specific medical reme¬ 
dies, for they require detailed investiga¬ 
tion into the social circumstances which 
have produced them, and in a highly in¬ 
dustrialised community these may be 
complex. 

In simple nomadic or agricultural 
communities the problem of communal 
living was solved many thousands of 
years ago. We are thus confronted with 
a picture of two worlds. The wealthy in¬ 
dustrialised countries have built up an 
elaborate structure of health and wel¬ 
fare services and have taken steps to 
protect their members from all those 
conditions against which remedies are 
available. They have even learnt to 
limit their numbers, so that we now 
have societies composed of small family 
units, perhaps with an average of two 
or less children, whose physical health 
is so good that infant mortality has 
fallen to a small fraction of that which 
prevailed a hundred years ago, and in 
which the chances of survival to mature 
adult life are excellent. In such countries 
the causes of death which prevailed a 
hundred years ago, and which still pre¬ 
vail in many parts of the world, no 
longer predominate. Infection has given 
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place to cancer as the major cause of 
death, closely followed by the degen¬ 
erative diseases of the cardiovascular 
system. Such communities show, as 
would be expected, a decreasing num¬ 
ber of children under sixteen and a higli 
proportion of adults, with an increasing 
number of old people (cf. Fig. 156 and 
Tables 28 and 29 for the changing age 
structure of the population in England 
and Wales [Benjamin, 1954] ). So far so 
good, but some communities, for exam¬ 
ple, the United States of America and 
Great Britain, have also had to make 
provision of nearly 50 per cent of their 
hospital accommodation for mental pa¬ 
tients, and the prevention of mental ill- 
health assumes even greater importance 
with increasing age, for almost one- 
quarter of all patients in those mental 
hospitals are aged sixty-five years and 
over (Ministry of Health, 1953, pp. 
121 ff.). 

DISEASE AND DISEASE CONTROL WITH 
PARTICULAR REFERENCE TO 
THE TROPICS 

Turning now to other parts of the 
world, an extraordinarily interesting but 
confused pattern is to be found, varying 
from the florid manifestations of disease 
which were to be seen in Europe in 
medieval times to the equally dramatic 
results of attempting to apply the whole 
armamentarium of prevention and cure 
to communities which may not be ready 
for this. In countries where birth rates 
and death rates are high, and the expec¬ 
tation of life is short, it is usually the 
physical environment which bears most 
harshly on the people. 

When such communities are brought 
into contact with modern advances the 
result may sometimes be unfortunate 
for them. In a collection of villages re¬ 
cently seen by one of us (A. L. B.) in 
Asia an irrigation scheme had been un¬ 
dertaken, with well-constructed canals 
suitably furnished with booster pumps, 
so that what had hitherto been a dry 
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and harsh plain could now be converted 
into a green and fertile land. Unfortu¬ 
nately, the water snail had followed the 
waterways, carrying the parasites of 
bilharzia with it, so that this area, 
hitherto free, was now so heavily in¬ 
fested that people were leaving in 
search of more healthy lands. 


and environmental sanitation measures 
applied on a wholesale scale. It may not 
be irrelevant here to pause and consider 
what are some of the problems in the 
field of disease control in tropical coun¬ 
tries which either remain to be solved 
or are, in fact, being created by the 
solution of other problems. 


r I9S3 Lite Table 

Proportions at •< 1901 Census 

L 1951 Census 


Age 



Frc. 156.-The changing age structure of the population in England and Wales. The area of 
the block for each age group represents the proportion of the total population in that age group. 


Throujjhout the world there is, at the 
present time, a process going on where¬ 
by the full weight of modern preventive 
measures is being applied to the elimi¬ 
nation of disease. International teams, 
subsidised by the combined resources 
of many nations, can move into an area 
and so treat it that malaria is stamped 
out in a few months. Children in whole 
countries can be immunised with B.C.G. 


Study of the environmental factors 
affecting health, or predisposing to dis¬ 
ease in tropical countries, is fruitful of 
results, ana much progress has been 
made in recent years. It is now recog¬ 
nised, for example, that the level of nu¬ 
trition plays a fundamental part in de¬ 
termining matters so apparently unre¬ 
lated as resistance to infectious disease 
and the number of stillbirths in a com- 
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munity. Faulty housing, and especially 
the aggregation of slums in the great 
industrial cities, has been known to be 
associated with epidemic disease for 
many centuries, but it is only within 
recent years that overcrowding, as 
measured by the number of persons per 


room, has been recognised as an impor¬ 
tant factor in spreading infection, and 
this may occur as readily in the village 
as in the city, and in a technologically 
under-developed country, as well as a 
highly industrialised one. 

Water, “good or bad,” has gewerned 
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the choice of settlements from the most 
ancient times, but, whereas quantity has 
always been regarded as essential for 
purposes of cleanliness, irrigation of 
crops, and the raising of cattle, it is only 
within the past one hundred years that 
quality, as measured by chemical and 
bacteriological purity, has been recog¬ 
nised as essential to the prevention of 
disease. 

More recently still has come the rec¬ 
ognition that the freedom from disease 
of a community depends in large meas¬ 
ure on its social and cultural pattern, 
and that a well-organised and enlight¬ 
ened administration can, over a period 
of years, so raise the general living 
standards that improvements in health 
follow from this cause alone. In other 
words, the control of disease requires 
both sustained eflFort on the part of the 
people, and their leaders, in addition to 
special medical knowledge. 

These general comments are particu¬ 
larly true of the control of the so-called 
“tropicar diseases. So called, because 
many of them were at one time wide¬ 
spread throughout the world. Indeed, 
it is necessary to recognise at the outset 
that the great killing diseases, pneu¬ 
monia, tuberculosis, and syphilis, op¬ 
erate as malignantly in tropical coun¬ 
tries as ever they did in Europe. On the 
other hand certain diseases, such as 
yaws, leishmaniasis, fungus infections 
of the skin and internal organs, leprosy, 
and filariasis are found predominantly 
in hot countries, and especially in the 
humid tropics, where the conditions are 
most favourable to the development of 
the causal organisms and the vectors, 
especially insects, by which many of 
them Arc spread. 

In tropical countries also may be 
found the extremes of malnutrition, as 
manifested by conditions such as kwa¬ 
shiorkor, beri-beri, pellagra, and similar 
diseases due to vitamin and other de¬ 
ficiencies in the diet. Clearly there is 
here some relationship between disease 


and the poverty of tropical soils and the 
plants and animals reared on them. 

When discussing environment and 
disease, it is necessary to distinguish 
between the social and cultural and the 
climatic environment, for, as noted 
above, many “tropical” diseases were 
formerly more widespread than they 
now are. Malaria, plague, typhus, yel¬ 
low fever, leprosy, amoebic and bacil¬ 
lary dysentery, and infestation of the 
intestinal canal with worms, have all 
been known to occur widely throughout 
the world, and, with the exception of 
yellow fever, all these diseases have 
occurred in a country as far to the 
north as Great Britain. It is important 
to remember that many of them de¬ 
clined in importance in such countries 
long before their causes were known. 
Plague never recurred on a large scale 
in England after 1665, the “ague” finally 
disappeared some fifty years ago from 
the eastern Fens in England, and lepro¬ 
sy in Europe received a mortal wound 
after the Black Death in medieval times. 
It was the improvement in social con¬ 
ditions, rather than the application of 
medical knowledge, which caused their 
disappearance. 

The diseases currently associated with 
the tropics are themselves undergoing 
changes in incidence and extent more 
rapidly than is commonly realised. The 
opening-up of communications by air, 
land, and sea, new methods of cultiva¬ 
tion of land, and the extension of irri¬ 
gation canals have all tended to cause 
a widening of spread of some diseases 
hitherto localised, while the recent in¬ 
troduction of massive methods of con¬ 
trol have altered the natural rhythm of 
others. 

It is still said, and with truth, that 
malaria is the most important single 
disease in the world, for it has the 
power to disable as well as to kill, and 
the mosquitoes bearing the parasitic 
protozoa may readily avail themselves 
of modem methods of transport to carry 
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the disease, or more virulent forms of it, 
to areas hitherto free. Measures of con¬ 
trol, on the other hand, by means of 
screening, attacking the breeding places 
of mosquitoes, the use of D.D.T. and 
other insecticides, and of modern drugs 
to destroy the parasites circulating in 
the human blood stream, have been so 
efficacious that the date of the first efFec- 
tive attack on malaria can sometimes be 
shown accurately by the sharp fall in 
the death rates for that year. That is 
particularly well seen in islands such as 
Ceylon, where the death rate in 1947 
fell from 22 to 14 per thousand. The 
story of malaria control, however, is by 
no means complete as yet, for each con¬ 
tinent poses different problems. Control 
in tropical Africa, for example, requires 
different methods, social, cultural, and 
even biological, from the forest areas of 
South America. Assuming, for the mo¬ 
ment, that the full control of malaria 
which is theoretically possible was com¬ 
plete, we should still be faced with the 
further complication of rapid increases 
in population made possible by success 
in dealing with this one disease. 

The mosquito conveys not only the 
plasmodium of malaria to man, but also 
the virus of yellow fever, and the minute 
worms causing filariasis, so that its de¬ 
struction will affect these diseases. 

Insect vectors are also responsible 
for conveying to man the viruses of 
dengue and sandfly fever, the rickettsia 
of the typhus group of fevers, the 
plague bacillus, and the trypanosomes 
causing African sleeping sickness. All 
these diseases are now controllable by 
one means or another, by attacking the 
vector, or the causal organism, or by 
creating an artificial immunity in the 
host. But the application of these meth¬ 
ods, the supervision of the results of 
control, the remote effects in changing 
the lives of the people concerned—all 
these require corresponding improve¬ 
ments in other fields of human activity 


if the advances are to be of lasting 
benefit. 

In countries with the highest stand¬ 
ards of hygiene, disasters are not un¬ 
common. It is only a few years since an 
outbreak of amoebic dysentery occurred 
in Chicago, and the Croydon typhoid 
epidemic in England in 1937 is still fresh 
in the memory of many people. Water 
and food supplies may be protected, 
and flies and other insect vectors de¬ 
stroyed, but the human carrier is less 
easily dealt with. 

Much has been said, in derogation or 
praise, since Malthus propounded his 
views on population. The ancient ene¬ 
mies of war, pestilence, and famine 
have changed in order of precedence, 
so that war is no longer necessarily the 
bringer of disease. Indeed, the medical 
discoveries made during, or as a result 
of, the First and Second World Wars 
have been of great benefit to mankind. 
It is, however, in the suppression of the 
small “tribal” wars that modern govern¬ 
ments have been most successful, with 
incalculable benefits to human health, 
and especially in reducing the epidemic 
invaders which follow, such as typhus, 
smallpox, cholera, and dysentery. 

Similarly, the development of a trop¬ 
ical country by extension of roads, rail¬ 
ways, and exchange of goods leads in¬ 
evitably to a rise in social standards 
which, as noted earlier, plays, over a 
long period of time, a notable part in 
causing the decline of disease. One is 
tempted to add canals to the above list, 
but the spread of bilharzia by means of 
the fresh-water snail along such water¬ 
ways can be a formidable new cause of 
disease. 

Bilhar 2 da, or schistosomiasis, is caused 
by small worm-like parasites which live 
in the blood vessels (Mozley, 1951, 
1952, 1953), and it has been estimated 
that 114,0()0,000 people were suffering 
from this disease in 1947 (Stoll, 1947). 
Perhaps its most common characteristic 
is the weakness which it causes in the 
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victim, whose ability to work is thereby 
impaired, and this accounts for much 
of the apparent laziness to be found in 
heavily infested areas. In causing leth- 
argy, it resembles hookworm disease, 
or ankylostomiasis. Plookworm larvae 
require a constant temperature of not 
less than 10° F. for a minimum of five 
days, together with moisture, to reach 
their optimum development, and there¬ 
fore dwellers in the humid tropics are 
particularly susceptible. Hookworm dis¬ 
ease ranges, however, from 36° N. to 
30° S. of the Equator and is capable of 
affecting about one-half the inhabitants 
of the world (Price, 1939). 

The incidence of these diseases, bil- 
harzia and hookwoim, depends much 
on social and cultural factors, and they 
are, therefore, good examples of the 
wider problems to be faced in the at¬ 
tack on tropical diseases. Density of 
population, sex, age, sanitary habits, nu¬ 
trition, and the general standards of life, 
are all of great importance. Hookworm, 
for example, which formerly showed 
heavy infestations in the south-c^astern 
United States, may also affect the south¬ 
ern shores of the Gulf of Mexico, Cen¬ 
tral America, the northern parts of 
South America, the Brazilian coast and 
tableland, most of the West Indies, 
E(piatorial Africa, parts of the Malay 
Peninsula and Siam, some of the South 
Sea islands, some limited areas in China, 
and the* north-eastern coast of Austra¬ 
lia. In essence its prevalence or absence 
is dictated by such fundamental meas¬ 
ures as supervision of water supplies, 
the wearing of shoes, adequate latrines, 
sanitai) habits, and the avoidance of 
malnutrition. When the people of 
Puerto Ri( o were treated intensively for 
this disease, it was noted that the effi¬ 
ciency of the labourers increased by 
more than 60 per cent. As a result of in¬ 
tensive campaigns the International 
Health Board were able to report, in 
1926, that the disease had almost dis¬ 
appeared from the United States. It is 


tlierefore controllable, and so also is 
bilharzia. 

Similarly malaria, although primarily 
a “geographical” disease, the incidence 
of which is determined by temperature, 
rainfall, and in some parts of the world 
by the presence of Tertiary limestone* 
basins, is influenced very greatly by 
standards of living, and especially by 
housing and nutrition. 

When considering disease control in 
tropical areas, it is also important to pay 
adequate attention to the adverse ef¬ 
fects, over prolonged periods, of hot and 
humid climates on mental efficiency. 
Here it must be said that our knowledge 
of the relationship between climate and 
psychology is incomplete, as regards 
both indigenous peoples and expatri¬ 
ates. The latter, in particular, may be 
exposed to many causes of stress in 
addition to the unfamiliar environment. 
The fact that they do not ‘Belong,” the 
use of unsuitable diet and clothing, and 
the abuse of alcohol must be included 
among these. The introduction of good 
sanitation, together with refrigeration 
of food supplies and air-conditioning of 
buildings, are rendering many of the 
former “white man^s graves” healthy for 
both adults and children. Indeed, the 
problem for the latter is becoming one 
of educational rather than health facili¬ 
ties. 

The humid tropics, in particular, offer 
rich rewards for development, for there 
may be found lumber, fruits, oils, and 
spices, in addition to fossil fuels and 
rare metals. The story of the conquest 
of tropical diseases dates back over the 
past eighty years. First came the dis¬ 
covery of the cause and method of 
transmission of tropical elephantiasis by 
Patrick Manson in 1878. Then the 
demonstration by Alphonse Laveran of 
malaria parasites in blood in 1880 fol¬ 
lowed by the painstaking work of Ron¬ 
ald Ross, and the epoch-making strides 
in the elucidation of yellow fever by 
Walter Reed, Gorgas, Finlay, and No- 
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euchi. Then came the discovery of the greatest contributicji t . ; th has 

panosomes, and the relation of leish- yet to be made, by improMi _ -t ai\d 
mania and sandflies to kala-azar and nutrition. It is not going to bt y t j 
oriental sore; the link between the do so, for a race is already cle\ <' iii^ 
iiexnatodes ol scVnslosomiasls and the between the increase in n\vn\he\ eV 
fresh-water snail, and the bacterial re- people and the availability of food s.^p- 
searches into the dysenteries and plies. Already India, Java, Puerto Bin 
rickettsial diseases. and other areas are showing only too 

There remain to be discovered the clearly the results of over-population, 
causes of a number of rickettsial and Wholesale application of disease con- 
virus diseases, but, in general, it may trol methods and enlightened sanitation 
be said that we are well into the second practices require a stable administra- 
stage of disease control, viz., the appli- tive background. This in turn depends 
cation of specific measures of preven- for its success on reliable statistics, a 
tion, immunisation, and therapy. The sound economy, trained personnel, and 
yellow fever vaccine, the specific drugs the education of the people in the way 
for the treatment of malaria, the various to live healthy lives, 
vermifuges, and more recently the anti¬ 
biotic substances used for attacking the future 

yaws, tropical ulcer, amoebiasis, and the Retaining our earlier distinction be- 
rickettsial diseases, together with the tween highly urbanised and less well- 
sulphonamides for bacillary dysentery, developed communities, it should be 
make an impressive list. noted that the former have still a num- 

We are now witnessing, throughout her of unsolved problems, for example, 
the world, the third phase of attack. It in the field of virus infections, where 
is clear that the ills of temperate cli- influenza can play havoc, particularly 
mates, both physical and mental, to- among the elderly. Poliomyelitis can 
gether with the relatively small but strike terror as deep as did cholera a 
virulent group of diseases peculiar to hundred years ago, and, when the acute 
the tropics, depend in large measure on stage of the epidemic passes, we may 
the relation between man and his en- be left with a heavy load of cripples as 
vironment. The ecological forces at a result. Even in the province of en- 
work are numerous, and include social, vironmental sanitation such communi- 
economic, and demographic factors. Put tics still face many problems, for rivers 
more simply, the basis of much of the are now heavily polluted with sewage 
disease in the world is poverty, igno- and are the vehicles by which wastes 
ranee, and malnutrition. are removed from the factories. Pollu- 

Large-scale drainage and engineering tion of waterways by radio-active sub- 
projects, as in the Tennessee Valley, can stances poses a problem to which there 
do much to improve and extend areas is as yet no answer. People living in 
for human habitation, but there is still large urban communities are at risk 
need to improve the primitive sanitation from outbreaks of food poisoning on a 
and housing in villages throughout the scale unknown to their ancestors, while 
world, and particularly in those areas “smog” is a new and hideous word 
where human excreta must be used as which has rapidly become as familiar in 
fertilisers for the soil. Reference has al- London as it is in Pennsylvania and Los 
ready been made to the low fertility of Angeles. In such communities also new 
tropical soils and the resulting deficien- and exotic topics arise for discussion, 
cies in animal protein, minerals, and Should euthanasia be practised on tht' 
vitamins, and it is here, perhaps, that mental defective, the incurable, and the 
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aged? Is it justifiable to begin life by 
means of artificial insemination, or to 
terminate it by therapeutic abortion as 
soon as it has started? In addition to 
these and kindred subjects, man in such 
communities has learnt the most terrible 
of all secrets, namely, how to destroy 
the individuality and separate will of 
his fellow man by psychological means, 
or to change the whole personality of 
an individual by operations such as pre¬ 
frontal lencotomy. Above all, there is 
the great new problem of the preserva¬ 
tion of the mental health of the people. 

In the less-developed communities the 
problems are not so complex, but are 
equally urgent in their need to be 
solved. Many such communities are knit 
together by ancient traditions and cus¬ 
toms which require that the head of the 
family shall have many children; that 
those children shall be set to work at an 
early age; that daughters should make 
good marriages and embark at the ear¬ 
liest possible age on the endless sucees- 
sion of pregnancies that beset their 
mothers; and that the sons should keep 
their father in his old age. Such com¬ 
munities are conditioned to a short and 
harsh life, but th<^y have succeeded over 
the centuries in making it a reasonably 
^^PPy How far is there justifica¬ 
tion for disrupting this? To rid such a 
country suddenly of its traditional bur¬ 
den of disease means that death rates 
fall with dramatic rapidity, while birth 
rates remain high, and may even rise, 
because of the increasing numbers of 
children living to adult life and because 
of the increase in fertility of the adults. 
Immediately there becomes apparent 
the fresh problem of whether it is better 
to die of disease or survive to die of 
starvation later. 

If this were the only problem, the 
outlook is not so unsatisfactory as the 
pessimists would have one believe, for 
it is then a matter of growing enough 
food to keep pace with the increasing 
numbers. Unfortunately, it is not so 


simple as this, for such countries are 
not merely subjected to the battery of 
health measures, but are also expected, 
and are trying, to initiate all the other 
w’elfare and economic developments 
which the highly developed countries 
have taken several hundreds of years 
to achieve. Birth control has been sug¬ 
gested as, at least, a partial solution to 
this problem, but there are serious prac¬ 
tical difficulties in introducing this into 
technologically uTider-d(‘veloped coun¬ 
tries, quite apart from conflicting reli¬ 
gious and cultural beliefs. 

Whether money comes from within 
or from without, the governments of 
such countries are trying anxiously to 
introduce not only additional health 
and welfare services but also education, 
transport, roads, and agricultural devel¬ 
opment on a vast scale. It might be 
asked what such considerations have to 
do with the subject of this paper, and 
the short answer is that it is impossible 
to consider sanitation practices and dis¬ 
ease control in extending and improving 
areas for human habitation without at 
the same time taking into account these 
other factors. 

What, then, are the basic needs for 
the future? First and foremost is the 
need for more adequate information. 
We do not know the true population of 
many communities in the world, and, 
when it comes to analysing the mortality 
and morbidity statistics, we can safely 
assume that we need to modify by plus 
or minus 50 per cent some of the cur¬ 
rent figures. Secondly, we do not know 
enough about men’s reactions to a sud¬ 
den transition from disease to health, 
and in particular we have no guide as to 
what happens to populations suddenly 
subjected to a dramatic increase in 
numbers. Thirdly, while we can control 
many physical diseases, we have as yet 
insufficient knowledge of the compo¬ 
nents which make for mental health and 
stability. What, for example, is required 
to keep an agricultural community hap- 
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py and contented on the land, and what 
can be done to stop the drift from such 
communities to the towns? We do not 
know, and until we have more ade¬ 
quate information by means of censuses, 
surveys, and long-term studies, we are 
not justified in pressing too hard for 
radical changes. We must subject our¬ 
selves to some searching enquiries. Why 
do we wish to bring about these changes 
and for whose benefit are they to be; 
wrought? 

Perhaps the most important subject 
in the world as a whole is that of food 
production, and here again our knowl¬ 
edge of soil fertility, particulaily in 
tropical and sub-tropical countric\s, is 
pitiably inadequate. Nor do we know 
what are the critical populations for a 
given area or how to estimate these. We 
do know that success in one field may 
endanger another, and that the dc'vclop- 
ment, for example, of an industrial com¬ 
munity tends to denude the associated 
agricultural communities by attracting 
labour from them. There is a need also 
to relate projects for development, in¬ 
cluding those of health and welfare, to 
the cultural background of the com¬ 
munity involved, and here again our 
ignorance is great. 

Where, then, does one look for guid¬ 
ance in the process of e'xtcnding and 
improving areas for human habitation? 
And what principles can be followed? 
Those countries in which the changes 
outlined in this paper began earliest 
have been forced to do three things to 
ensure that their plans would be suc¬ 
cessful. First they had to build up their 
economic resources so that they could 
in fact afford the new developments. 
Next they had to make the machinery 
to apply health measures, by the crea¬ 
tion of stable systems of local and cen¬ 
tral government. Then they endeav¬ 
oured to educate their peoples in the 
fundamentals of healthy living, using 
that term in its widest sense. 

In less well-developed countries these 
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things have sometimes to be done fiorn 
above because of the absence of 
local government, or from outside by 
international agencies, and they also 
have to be done in conjunction with all 
the other activities of the country. Uu- 
less the provision of adequate food 
keeps pace with the increasing nuinbf rs 
of those kept alive by health measures, 
disaster follows. Unless the people in 
rural communities can be kept happy, 
healthy, and contented, disaster fol¬ 
lows. And unless a country can be sure 
of continuity of effort in these fields, 
disaster follows. To encourage sanita¬ 
tion practices and disease control for a 
short time by external effort, and then 
to walk out and leave a country to its 
ow'n resources, is as dangerous as dis¬ 
tributing dried milk to infants until such 
time as the mothers lose the habit of 
breast feeding and then to withdraw the 
supplies. 

The power to extend and improve 
areas for human habitation by means of 
sanitation practices and disease control 
is almost unlimited. It is in its applica¬ 
tion that there is a risk of failure, mainly 
because of man\s own impatience. The 
desire to press on and get results within 
the space of a few years is almost over¬ 
whelming, but the temptation should 
be resisted until such time as we have 
more adequate knowledge, both of man 
himself and of his environmental re¬ 
sources. To ensure that we have this 
knowledge much research is required, 
and this must be undertaken, not in the 
great cities or countries or continents, 
but at the village and family level. The 
ancient motto “Festina lente"' is now 
seldom heard, but it rests upon a sure 
foundation. 

Above all, one consideration must 
never be lost to sight. No matter what 
steps are taken to ease the lot of man¬ 
kind, they will be of no avail unless 
they lead to and preserve the happiness 
of the people. 
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Effects of Fission Material on Air, Soil, 
and Living Species 

JOHN C. BUGHER" 


Radioactivity is a characteristic of 
matter in transmutation. Most of the 
transitions from one elemental state to 
another are attended by the emission 
of energy. Not only our own existence 
but also our knowledge of the limitless 
expanses of the universe are dependent 
on the complex nuclear phenomena 
which are accompanied by the radia¬ 
tion of energy. We exist in the warmth 
of one of tlie lesser thermonuclear re¬ 
actors of the universe—the sun. We 
learn something of the expanse and 
structure of the comparatively modest 
galaxy of which our solar system is an 
inconspicuous component through radi¬ 
ation emitted by nuclear reactions cen¬ 
turies past. Their history is expressed 
not only by visible and invisible light 
but also by much longer wave lengths 
of the radiofrequency spectrum. 

The earth, born in exceedingly com¬ 
plex transmutations of matter, is a 
radioactive mass. To its own nuclear 
reactions there are added the extreme¬ 
ly energetic cosmic rays from outer 
space, which, in the aggregate, give 
rise to considerable quantities of un¬ 
stable elements in the earth's atmos¬ 
phere and crust. The spontaneously ra¬ 
dioactive elemental series of uranium, 

• Dr. Bugher at the time of the Symposi¬ 
um was Director of the Division of Biology and 
Medicine, United States Atomic Energy Com¬ 
mission, Washington, D.C. He is now Director 
for Medical Education and Public Health, The 
Rockefeller Foundation, New York. 


ihoriuin, and actinium pervade the 
earth's crust everywhere, so that no 
portion of our material environment is 
free from members of these radioactive 
series. It is estimated that there are 
10^^ tons of natural uranium in the 
earth's crust and that there are 10^® 
tons of natural uranium in all the 
oceans. Even larger amounts of thorium 
occur, with the average concentration 
in soils being 12 parts per million by 
weight, or twice that of natural urani¬ 
um. Associated with these parent-ele¬ 
ments are all their daughter-products 
resulting from radioactive decay, so 
that the average surface soil contains 1 
gram of radium per square mile for 
each foot of depth. All the waters of 
the earth and all the organisms that 
abound on the land and in the sea thus 
inevitably contain small amounts of 
radium. The average amount occurring 
naturally in the human body is 1.59 X 
10"^® grams. 

Natural potassium, of which vast 
quantities occur, has a radioactive iso¬ 
tope, K'*”, the activity of which is ap¬ 
preciable. K'*® constitutes 0.011 per cent 
of the total potassium. The average 
activity of surface soil 1 foot in depth 
is such that approximately a million 
disintegrations of atoms occur per 
minute per square foot. This is slightly 
less than % microcurie. The water of the 
ocean contains approximately micro¬ 
curie of per cubic meter, and it has 
been estimated that there are approxi- 
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mately 5 X 10^^ curies of in all the 
oceans. At the other extreme of mag¬ 
nitude the human body contains an 
average of 27 milligrams of this radio¬ 
active isotope, which is equivalent to 
0.23 microcurie. 

Another important naturally occur¬ 
ring radioactive element is carbon-14, 
which is formed almost in toto by the 
action of cosmic rays on the nitrogen 
of the atmosphere. 0^“* constitutes a 
constant fraction of all carbon which is 
part of the active world pool in the 
proportion of 1 atom of to 8 X 10^^ 
atoms of It is estimated that there 
are 96 tons of radioactive carbon in 
nature. 

An additional and remaikable radio¬ 
active clement which occurs naturally 
is tritium, the mass 3 isotoj^e of hydro- 
g(*n. Iritiiim is also a product of cos- 
mic-rav action on nitrogen and exists 
in the form of tritium water. As a con¬ 
sequence of this, the air masses that are 
most remote from the oceans yield the 
highest concentrations of tritium water 
in their rainfall. Thus, we find approxi¬ 
mately six times as much tritium in 
comparison with hydrogen in rainfall 
over inland areas as may be found in 
rain falling over the seas. The total 
amount naturally occurring has been 
estimated at slightly more than 1 kilo¬ 
gram, all but about 10 grams of which 
is to be found in the oceans. 

I’o the radiations emitted by these 
naturally occurring elements must be 
added an approximately equal amount 
due cosmic rays. Until the advent 
of niu ^ ar fission initiated by man, the. 
envirois mental radioactivity was de¬ 
rived e; tirely from these sources. Even 
nuclear Hssion may be regarded as 
simply tfie acceleration of reactions 
which in one form or another proceed 
naturally in the parent-substances. The 
significant alterations which man has 
introduced into the world are a very 
great acceleration in time in the proc¬ 
esses of radioactiv^e decay and in the 


changing of the proportions of the re¬ 
sulting radioactive elemental products, 
with, in some instances, the introduc¬ 
tion of forms unrecognizable in nature. 

THE FISSION PROCESS 

At the risk of repeating matters al¬ 
ready familiar, may I call attention to 
certain fundamental aspects of nuclear 
fission that have important bearing 
upon the biological problems presented 
by the atomic era into which we have 
so recently entered. We recognize three 
elements which may undergo prompt 
fission upon capture of thermal neu¬ 
trons. They are uranium-235, uranium- 
238, and plutonium-239. Only the first 
of these occurs naturally; the other two 
must be prepared by neutron bombard¬ 
ment from thorium-232 and uranium- 
238, respectively. In addition, natural 
may undergo fission from fast 
neutrons; that is, neutrons whose ener¬ 
gies are 1 million electron volts or 
more. 

A distinctive feature of the fission re¬ 
action is its asymmetry (Figs. 157-159). 
Pairs of fragments are formed, and, be¬ 
cause of the frequency distributions of 
the masses, the large number of ele¬ 
ments forms a bimodal frequency dis¬ 
tribution with the maxima in the neigh¬ 
borhoods of masses 95 and 140. In 
terms of atoms, therefore, the largest 
classes of radioactive elements have 
masses in the two regions mentioned. 
Thus 3.2 per cent of the atoms formed 
will have mass 95, in the case of 
while only 0.005 per cent will have 
mass 117. 

A second important characteristic of 
these products of fission is that the im¬ 
mediate fractions are, for the most part, 
highly unstable isotopes and proceed 
to decay at greatly varying rates into 
isotopes of other elements, in them¬ 
selves frequently radioactive (Figs. 160- 
161). It is most instructive to consider 
some of these chains. For example, the 
sequence of elements of mass 90 prob- 
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Fig. 157.—Yield-mass curve for the fission of hy thermal neutrons 
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I' lc. 158.—Yield-mass curve for the fission of Pu-3» by thermal neutrons 
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Fic. 159,—Comparison of the yield-mass curves for the fission of U®®®, and Pu®®® 


835 








































836 


Mails Role in Changing the Face of the Earth 


ably starts with a series which might be 
considered a part of the arsenic-selen¬ 
ium species but which very quickly is 
evident as a bromine isotopt' ol 4.5 sec¬ 
onds half-life. This decays to krypton- 
90, a gas having a half-life of 33 sec¬ 
onds, Kr®® in turn decays by beta emis¬ 
sion to rubidiuin-90, and this very short¬ 
ly to strontiiim-90, which has a half-life 
of 20 years. Sr®‘\ itself a modest beta- 
emitter, decays to a 64.6-hour yttrium- 
90, which emits a powerful beta ray, 
and becomes zirconium-90, a stable ele¬ 
ment which comprises over half of the 
natural zirconium.^ 

In this chain we see transitions from 
elements normally in solid state to those 
that are gaseous at all ordinary tem¬ 
peratures and, further, those which re¬ 
vert to other elements and are solid in 
their compounds even at high tempera¬ 
tures. There are appreciable time inter¬ 
vals between these transitions, and 
there may be very marked differences 
with respect to time constants between 
analogous chains. Thus, for the mass 
89 series, Kr®® has a 2.6-minute half- 
life, and Rb®®, to which it decays, is 
characterized by a 15-minute half-life. 
The 89 masses exist in the gaseous or 
vapor phase for a much longer time 
than do those of mass 90 series. On the 
other hand, the Sr®® formed by decay 
of the Rb®® has a comparatively short 
half-life of 55 days and decays by beta 
emission to Y®®. All the naturally occur¬ 
ring yttrium has, in all probability, been 
formed by this particular mode. 

Tlu' fission process which is funda¬ 
mental to the release of atomic energy, 
whether in nuclear weapons or in reac¬ 
tors for power and other purposes, is 
thus attended by a highly complex but 
entirely j>r('dietable production of a 
largt' niimhci* of radioactive tdeinents. 
Because ()t ilu* distributional character- 

1. The most recent and precise determina¬ 
tion of the half life of ¥»<> yields 64.60 ±: 0.43 
liOLirs, as rt'portcd by Chatham-Strode and 
Kinderman, Physical RevicWy March 1, 1954. 


istics which have been mentioned, these 
elements vary greatly in their propor¬ 
tions. Further, fractionation may occur, 
by reason of the differences in time 
constants and physical characteristics 
of the component elements in the dis¬ 
integration chains. For our purposes, 
we can assume these fissionable ele¬ 
ments to yield the same spectrum of 
fission products and thus be able to say 
further that the fission of approximate¬ 
ly 3 X 10^^ atoms of or 1 kilogram 
of element, will yield a mass of mixed 
radioactive elements whose activity at 
1 hour, assuming that all the fissions 
are simultaneous, is approximately 6.0 
X 10® megacuries. While each isotope 
in this complex mixture will decay ex¬ 
ponentially, the mixture as a whole 
shows a dependable decay, which may 
be described by the following equa¬ 
tion: 

A - , 

where t is time and Ao is the activity at 
unit time. 

Each individual radioisotope will 
decay according to the relationship 

A = Aoe , 

where Ao and t have the same meaning 
as before, and X is the decay constant 
which is related to the half-life T by T 
= 0.623/X. 

As long as the original mixture has 
not been subjected to appreciable frac¬ 
tionation and alterations, the general 
formula given is quite reliable. When 
specific radioelements, however, be¬ 
come of primary interest, the exponen¬ 
tial formula must be used. 

The great variation in the rates of 
radioactive decay of specific isotopes in 
the fission-products mixture results in a 
constantly changing situation. The 
proportion of total radioactivity contrib¬ 
uted by any one isotope rises to a maxi¬ 
mum, after which it diminishes as that 
particular isotope decays at a more 
rapid rate than the mixture as a whole. 
Eventually, all the activities will be 
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Fig. 160.—Relative activities (in hours and days) of nuclide products of simultaneous slow 
neutron fissions of 
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Fig. 161.—Relative activities (in years) of nuclide products of simultaneous slow neutron 
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associated with the few fission-product 
elements that have long half-lives. 

It is readily shown that, in a normal 
mixture of Bssion products, each radio¬ 
isotope makes its maximal proportional 
contribution to the total radioactivity 
at a time that is 1.4 times its half-life. 
This time is also the average life of the 
isotope. 

The energy released by 1 kilogram of 
any of these elements undergoing fis¬ 
sion is approximately 8.4 X ergs, 

or 2.3 X 10^ kilowatt-hours. It is also 
equivalent to 20,000 tons of TNT. It 
thus becomes a matter of simple arith¬ 
metic to compute the inevitable results 
in the way of fission-product formation 
from the release of any given quantity 
of energy through the fission process. 
These materials, subjected to radioac¬ 
tive decay with time, mentioned be¬ 
fore, become in some degree a part of 
the natural environment. Their diflFu- 
sion and presentation to the earth’s sur¬ 
face may be rapid in the case of air¬ 
borne material or very slow where the 
substances are maintained in firm con¬ 
tainment. Time is a relentless factor, 
and in the course of 100 years or so 
nearly all the atoms will have decayed 
to stable natural elements. 

In addition to fission products, inter¬ 
action between energetic neutrons and 
atmospheric nitrogen in the case of 
nuclear explosions may produce a cer¬ 
tain amount of and tritium. The 
first isotope has a long half-life of 
about 5,600 years. The maximum 
amount of produced by fission of 1 
kilogram of or similar material in 
an explosion in air is about Iz ounce. A 
large tJicrmonuclear weapon would 
produce correspondingly much more 
The actual production is certain to 
be less than the calculated amounts, so 
that, in relation to the 192,000 pounds 
of known to exist, the failure to 
measure any increase in natural is 
understandable. Since, however, the 
amount of natural tritium is quite 


small, it has been relatively easy to 
demonstrate increased tritium in rain¬ 
fall over the United States and other 
areas following large thermonuclear 
detonations. The tritium half-life being 
comparatively short (10.7 years), the 
only radioactive product from nuclear 
explosions of really long-time charac¬ 
teristics is and the amount formed 
is inappreciable in comparison with the 
naturally occurring pool of this isotope. 

These radioactive products, created 
by natural processes under human con¬ 
trol, may thus be presented to the three 
great ecological compartments: the at¬ 
mosphere, the land, and the oceans. 
These, of course, interact, but it will 
serve our convenience to consider them 
separately for a moment. 

ATMOSPHERE 

Particulate and gaseous material 
ejected into the atmosphere either 
achieves ultimate diflFusion throughout 
the air mass or is brought to the surface 
of the earth by gravitation. The time 
factors are determined by the physical 
characteristics of the material. The fis¬ 
sion products of an atomic explosion 
tend to be associated more or less in¬ 
discriminately with all the resulting 
particles. Their return to earth depends 
on the particle size and the height to 
which the material was lifted at the 
time of the explosion. The influence of 
these factors on time of descent is fur¬ 
ther modified with respect to location 
of fall by ^vind directions and veloc¬ 
ities. Coarse particles, which result 
when explosions are on or near the sur¬ 
face of the earth, fall out relatively 
quickly, while very fine particles may 
remain suspended aloft for such a pro¬ 
longed time that radioactive decay is 
largely completed before they reach 
the surface of the earth. Large explo¬ 
sions, detonated high in the air, result 
in fine particles which may be carried 
high into the stratosphere. Under such 
conditions there is little or no signifi- 
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cant local fall-out but, instead, a diflFu- 
sion throughout the atmosphere and a 
slow deposition over wide areas of the 
globe. 

The descent of particulate material is 
mediated by gravity and vertical turbu¬ 
lence. Close to the earth, usually below 
20,000 feet, descent may be accelerated 
by rain or snow. This is a scavenging 
action and, while spectacular at times, 
does not affect the total amount of 
material which descends. That which is 
air-bome has comparatively little bio¬ 
logic implication, although, where con¬ 
siderable amounts are present, the 
amma-radiation field created may be 
azardous. An atomic cloud for the first 
hour or so after its formation would be 
dangerous to living things if they were 
to remain in it an appreciable time. 
Similarly, in the presence of heavy fall¬ 
out there may be a heavy field of gam¬ 
ma radiation established by radiation 
from material in the air being added 
to that on the ground. In both of these 
situations, however, inhalation of the 
air by man or animals is relatively un¬ 
important. This fact is often incredible 
to those who think of the lungs only in 
relation to inhaled air. Most of the ac¬ 
tual exposure to the lungs comes not 
from the material inhaled but from the 
large volume of air and suspended 
particles surrounding the individual 
and from which gamma radiation is 
emitted to penetrate the entire body. 

Substantially, then, the radioactive 
contamination of the atmosphere by fis¬ 
sion products is important as a mecha¬ 
nism for their transport but is not di¬ 
rectly a source of biological concern. 

LAND 

The radioactive materials presented 
to the land either by fall-out from the 
atmosphere or by direct outflow from 
centers of nuclear industry differ wide¬ 
ly in their biological consequences. 
Again time is a most important factor. 
Within the first days and weeks after 


detonation or controlled nuclear fis 
the iodine fraction which results fi . 
radioactive decay of isotopes of t< 1 
lurium may be prominent. Tne amounts 
of iodine, because of their position iw 
the mass-frequency curve, are consid('v 
able. They are all, however, of short 
half-life and do not persist in the en¬ 
vironment. Physiologically, radioiodine 
behaves as does ordinary iodine in that 
it is concentrated in the thyroid gland 
and is readily absorbed from the intes¬ 
tinal tract. During the Castle series of 
tests in the Pacific, which began on 
March 1, 1954, it was relatively easy to 
detect measurable amounts of iodine- 
131 in thyroids of cattle and in urine 
from both grazing animals and man. 
The total dose to the thyroid from the 
combined radiation was estimated at 
less than 1.5 roentgens equivalent. Ap¬ 
proximately 2,000 roentgens equivalent 
to the thyroid are required to produce 
detectable changes in that gland and 
about 50,000 to produce partial destruc¬ 
tion and hypothyroidism. 

During the same period a group of 
Marshall Island residents were exposed 
to a serious fall-out, resulting in 175 
roentgens total body exposure of gam¬ 
ma radiation. In addition, they acquired 
sufficient internally absorbed iodine to 
add an additional 170 roentgens equiv¬ 
alent exposure to the thyroid gland. 
None of the subsequent clinical symp¬ 
tomatology was attributable to thyroid 
exposure. In these cases symptomatol¬ 
ogy was due almost entirely to the com¬ 
bined effects of depression of bone 
marrow and severe exposure of the skin 
from adherent fall-out material. The 
iodine uptake of the Marshall Islands 
people involved close to the accident 
was of magnitude several orders great¬ 
er than that experienced by people else¬ 
where. 

Although easily detectable, entry of 
iodine into the environment is in gen¬ 
eral of minor consequence, owing to its 
short half-life. The only concentration 
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of iodine of which we have knowledge 
is found in living forms having a thy¬ 
roid function. No significant entry of 
the material into plant metabolism has 
yet been demonstrated. 

Many of the other radionuclids of 
the mixed, fission-product system are 
either chemically identical with, or 
closely related to, constituents of the 
soil. Chemical characteristics of soil, 
together with its finely divided state, 
account for the very efficient adsoiption 
of nearly all fission products. Thus, in 
a fall-out area, even after a year’s ex¬ 
posure to rain and wind, about 80 per 
cent of the total radioactive material is 
found in the top 1 inch of soil. Ion 
transport is slow, and migration of 
radioactive material takes place at a 
very retarded rate. Flow of water over 
and through such soils does not remove 
radioactivity, and rivers flowing from a 
heavily contaminated land carry sur¬ 
prisingly little radioactive material 
leached from soil. 

It becomes more apparent as studies 
progress that various classes of radio¬ 
isotopes enter into exchanges with exist¬ 
ing complexes of soil, becoming more 
or less bound. Strontium isotopes, for 
example, resemble calcium in their be¬ 
havior and, entering into slightly dis¬ 
associated complexes, become partly 
unavailable to plants. 

In the time scale with which we are 
concerned, only certain radioelements 
seem to be of any importance. None by 
reason of its radioactivity has any 
known direct effect on plants, and the 
chief interest lies in the mechanism by 
which important isotopes may reach 
man by way of predominant food 
chains. T o be important in this system, 
a given isotope must be capable of en¬ 
tering into the physiology of the grow- 
ing plant and of accumulating in the 
portion used as food. It must be avail¬ 
able to the animal consuming plant 
material as food. Further, after entry 
into the human or animal body, the 
isotope must be retained in a physio¬ 


logically critical structure. And, lastly, 
its radioactive half-life must be suffi¬ 
ciently long to produce appreciable 
radiation injury to tissue. 

The one element outstanding by rea¬ 
son of its exhibition of all these charac¬ 
teristics is strontium, and, because of 
its long radioactive half-life, Sr®® is 
presently regarded as the most signif¬ 
icant one by many orders of magnitude. 
Cesium is not generally readily taken 
up by ordinary forage plants but may 
be absorbed almost selectively by the 
coconut palm. However, on ingestion 
by man, cesium becomes distributed 
throughout the muscle tissue and is 
rapidly excreted, unlike the Sr®® com¬ 
ponent. 

Nuclear fission is the only known 
source of Sr®®, and it may be pre¬ 
sumed that all detectable Sr®® has been 
the result of test operations with nu¬ 
clear explosions. The release to the en¬ 
vironment of Sr®® containing waste has 
been otherwise insignificant. The pres¬ 
ent average contamination of United 
States soil by Sr®® is 1 X 10“^ micro- 
curies (220 dpm [disintegrations per 
minute]) per square foot, or 2-3 mili- 
curies per square mile. It is about 1/240 
of the soil’s normal radium content and 
about 1/1,600 the amount estimated to 
be required to approach the maximum 
permissible body burden of 1 micro¬ 
curie. 

The most important food chain in¬ 
volving Sr®® is soil, forage, crops, graz¬ 
ing cattle, milk, and man. Further, al¬ 
though Sr®® mimics calcium, there is in 
each biological transition a discrimina¬ 
tion against strontium in favor of cal¬ 
cium. If we express the amount of Sr®® 
in relation to the available calcium 
from the same material,® data such as 
shown in Table 30 result. This table 
gives the amounts determined by 
analysis for the various components in 
a food chain in the Chicago area in 

2. The Sunshine Unit (S.U.) employed here 
is defined as 1 X 10-*/xc Sr®® per gram of cal¬ 
cium. 
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October, 1953. The table is self-explan- may be considered reasonably ivp ;a] 
atory, except for the units pertaining to of the midwestem United States uuiW 
soil, where the relationship is that be- the spring of 1955. 
tween the total Sr®® and the total avail- The Chicago soil data show that 
able calcium in the top 6 inches of soil, activity is retained near the surface for 
A second branch of the food chain several years. The resampling in 1954 
probably existed in this instance in the demonstrated that 80 per cent of thc^ 
direct contamination of alfalfa by fall- total Sr®® activity was still found in tht' 
out. In this case, radioactive material top 2 inches of soil, 
would not be subjected to passage Further evidence that Sr®® is retained 
through soil and root systems. This by soil is revealed by comparison be- 
probably accounts for the rather poor tween rain and tap-water activity. In 
correlation between soil values and 33 rain and 25 tap-water samples for 


TABLE au 

SUMMARY OF SR»o ANALYSFS OF CHICAGO DAIRY AREA 


Soil 

s.u. 

Alfalfa 

Milk 

SI illhorn 

Rill of Growinj' 

(.Ipm/ft?) 

in 'I'op G Inrlies 

S.U. 

s.u. 

S.U. 

Child S.U. 

312 

(».2 

8.5 

1.4 

0.13 

0.7 


TABLE 31* 

Sr90 Analyses of Pasture Areas 


Si;nhiiink Unith 


Location 

Soil 

(0-i Inches) 

Vegetation 

Rone 

Robinson farm, Logan, Utah. 

1.2 + 0.1 

10 +0.8 

4.4±0.2 

(."College pasture, Logan, Utah. 

1 .1 + 0 ; 

0.3 +0.7 

1.7±0.2 

Native range, Tifton, C*ii. 

31 ±2.7 

30 +1.7 

7 0±0.3 

Improved pasture, Tifton, Cia. 

11 +0 5 

3.0 ±0.8 

2.7±0.2 

Raleigh, N.C.. 

H.6±0.4 

2() +05 

2.1 ± () 2 

New Brunswick, N..T. 

7.7±0.3 

9.1 ±0.4 

2.7 ± 0.2 

Ithaca, N.Y. 

3 5 + 0 1 

0.15 + 0 07 

2.4±0.2 


So\iTPc: Alnmic Energy Oivisi%>n <>{ Bu>U>gy and Mt^dicine. 


those of alfalfa grown on that soil. The Sr®® in the New York area between 
human-bone values were determined July, 1953, and February, 1955, the rain 
from autopsies and surgical material in averaged 13 dpm per gallon of Sr®®, 
Chicago, where the persons presumably while tap water averaged 0.5 dpm per 
had obtained all or most of their milk gallon. The New York water supply is 
and milk products from the farm areas not subjected to treatment, and diffc^r- 
sampled. The apparent discrimination ences here may be attributed to ad- 
against strontium in relation to calcium sorption by the soil of surface and per- 
in successive stages of the food chain colating waters on their way to reser- 
has been a consistent finding. voirs. 

Repeat samples of soil from these Further data are available on the 
same areas in 1954 showed a 10 per soil, vegetation, and animal-bone chain 
cent increase in soil activity, and milk of Sr®® uptake by pasture lands at vari- 
analyses in Chicago as well as in New ous places in the United States. These 
York revealed a practically constant data are shown in Table 31, which 
level into the spring of 1955. These gives the value of Sr®® in the top 2 
data for the October, 1953, samples inches of soil, in the forage growing in 
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the fields, and in the skeletons of cattle 
and sheep that grazed thereon. There 
was here good evidence of direct up¬ 
take of Sr®® from leaf-surface adsorp¬ 
tion. 

From the widespread dissemination 
of mixed fission products, it is evident 
that minute amounts of Sr®® inevitably 
become part of our ecological situation. 
The radioactivities of this material are 
small in comparison with the activities 
of natural substances, but the chemistry 
is such that precise measurements 
down to a level of 1 dpm of Sr®® may 
be made. While the studies which have 
been mentioned originated through 
concern to prevent hazards to health as 
a result of testing of weapons, the sys¬ 
tem itself has proved to be of great 
value in extending our knowledge of 
meteorology and of the broad move¬ 
ments of particulate materials in plants 
and animals. 

cxncAN 

Most of the particulates transported 
in the atmosphere inevitably fall into 
the sea. Where surface detonations are 
conducted on islands, a large fraction 
of the total fission products descends 
locally into the sea. Additional incre¬ 
ments come from land areas through 
drainage outflow from fall-out areas or 
from centers of atomic industry. Addi¬ 
tions to the total sea activity from dis¬ 
posal of radioactive wastes have been 
insignificant until the present, but the 
depths of the ocean may be utilized in 
the future for large-scale disposal. 

The studies of radioactive contami¬ 
nation in the ocean have returned valu¬ 
able dividends in the form of substan¬ 
tially increased knowledge concerning 
ocean currents, turbulence and depth 
of mixing, and the interaction of plank> 
ton and larger living species. Marine 
food chains may be both massive and 
rapidly transited. Specific elemental 
affinities may be prominent, so that 
actual concentration of particular iso- 


topes may occur, especially in the case 
of phytoplankton. 

Our knowledge of the movement of 
the waters of the western PaciBc has 
been enlarged by the voyage of the 
Japanese scientific vessel "Shunkotsu 
Maru’' in 1954 and the more recent 
oceanographic expedition of the United 
States Coast Guard vessel “Taney," 
approximately a year after the Castle 
series. In substance, many measure¬ 
ments of water samples showed that 
the equatorial current flowing west¬ 
ward from the Marshall Islands is sub¬ 
ject to appreciable dispersion horizon¬ 
tally by what appear to be large eddies. 
Radioactivity could be detected in 
depth to 600 meters, the maximum 
depth of which the sampling equip¬ 
ment was capable. The peak values 
were of the order of 100 dpm per liter, 
with approximately 0.5 per cent of the 
total activity being due to Sr®®. 

These studies showed that radioac¬ 
tivity could be followed for a year after 
the tests, and it was estimated that the 
water in question would pass Japan in 
the summer of 1955. With careful tech¬ 
nical work, it was anticipated that 
radioactivity would still be detectable 
and that it would be possible to follow 
this ocean-water movement northward 
past the Aleutians. 

Of especial interest have been the 
analytical results with plankton. In gen¬ 
eral, the gross activity of plankton as 
taken in routine hauls was about a 
thousand times that of water when 
compared in terms of wet weight. It 
appears that examination of plankton is 
a most exquisite test for the presence 
of fission products in water. Fish that 
subsist on plankton, as might be ex¬ 
pected, showed a corresponding activity 
in the intestinal contents but a much 
lower level in their tissues. Preliminary 
analysis failed to show that strontium 
was taken up selectively. 

Experiments of the Fish and Wild¬ 
life Station at Beaufort, North Caro- 
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lina, have disclosed that various spe¬ 
cies of marine phytoplankton are high¬ 
ly discriminating with respect to stron¬ 
tium. Of nine species, only one accu¬ 
mulated appreciable amounts of Sr®®. 
The remainder showed a marked pref¬ 
erence for Y®®. Throughout the experi¬ 
ment accumulation of Sr®® was directly 
proportional to the total amount pres¬ 
ent in sea water. Accumulation was also 
related to the degree of metabolic ac¬ 
tivity of the cells. 

Ordinarily, mixing of surface waters 
tends to be limited to the zone above 
the thermocline. At various stations 
studied by the “Taney,” there seemed 
to be no evidence of such limitation. 
Part of the downward descent may 
have been due to the settling of insolu¬ 
ble particles having a density greater 
than that of sea water. However, in 
view of the apparent inconsistency be¬ 
tween these observations and the ear¬ 
lier conclusions based on tritium analy¬ 
sis, it seems evident that further study 
is needed, especially in the higher lati¬ 
tudes, before we can be certain about 
the relation of the thermocline to the 
depth of surface mixing. 

The movements of water in the great 
depths of the oceans are largely a mat¬ 
ter of speculation. If it is reliably true 
that the rate of change is small and that 
the turnover time is to be measured in 
hundreds of years, then deep-sea dis¬ 
posal of radioactive wastes is an ob¬ 
viously desirable procedure. However, 
a pronounced and rapidly upwelling of 
deep water would render hazardous 
such disposal through bringing to the 
zone of biological production appre¬ 
ciable concentrations of radioactive 
materials. Deep-sea experiments with 
megacurie amounts of crude fission 
products as tracers are very much 
needed and are entirely practicable. 

All these matters are important be¬ 
cause of the likelihood that the enor¬ 
mous productivity of the ocean will be 
increasingly drawn upon for human 


needs during the next century. Tlu 
logic cycling of individual radir r 
topes, with the operation of select ivt 
concentration, tends to offset in part 
the effect of dilution. In contrast to thf 
rapidity of atmospheric mixing, it 
evident that the ocean approaches 
equilibrium of solutes at a very slow 
rate and even then involves chiefly sur¬ 
face waters. 

In view of these matters, it seems evi¬ 
dent that we need to divert some of 
our scientific preoccupation with land¬ 
locked problems and to apply a stead¬ 
ily increasing effort to me advance¬ 
ment of knowledge of marine biology. 

INTERACmON 

Discussion of fission-product con¬ 
tamination of our world as though the 
earth existed in clearly separate eco¬ 
logical compartments of atmosphere, 
land, and ocean has served our imme¬ 
diate convenience, but it falls far short 
of a complete analysis of the situation. 
There is always complex interaction be¬ 
tween components of these compart¬ 
ments. While water moves from the 
oceans to land by way of the atmos¬ 
phere, there is a constant flow of organ¬ 
ic material by way of water connec¬ 
tions. To the tonnage due to marine in¬ 
dustries, there is the vast return from 
movements typified by spawning salm¬ 
on, by which highly significant 
amounts of precious trace elements 
may be returned to a deficient water¬ 
shed. 

The concentration of isotopes such 
as Sr®® in marine plankton has ap 
parently little parallel on land, al¬ 
though the growing larvae of some 
species of mosquitoes appear capable 
of appreciably concentrating this par¬ 
ticular isotope. The two systems differ 
markedly, however, in that plankton is 
the basis for the utilization of solar 
energy in ocean areas and is the foun 
dation of all important food chaiJis 
therein. Terrestrial insects, as important 
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as they are ecologically, do not perforin 
a similar function. 

The ultimate effects on man of the 
radioactive contamination of his en¬ 
vironment have had prolonged and de¬ 
tailed discussion, and there probably 
is little that we can add to what has 
been said. In general, there is little un¬ 
certainty about the major problems of 
heavy radioactive contamination result¬ 
ing from major atomic warfare or in 
areas of local fall-out from test explo¬ 
sions conducted on the ground. The 
problems are simply those of survival 
from exposure to the whole body by 
gamma radiation to which may be 
added a variable but always potential¬ 
ly dangerous exposure to fall-out mate¬ 
rial which adheres to the skin. The 
chief source of reliable information on 
these matters has been the careful med¬ 
ical studies on the 287 Marshall Island 
and Task Force people accidentally ex¬ 
posed from the test detonation of 
March 1, 1954. The first year of follow¬ 
up results of these people were given 
in full at a recent annual session of the 
American Medical Association. Find¬ 
ings, taken with long-term studies of 
survivors of the wartime attacks on 
Hiroshima and Nagasaki, showed that 
the immediate problem is that of mini¬ 
mizing gamma exposure and, subse¬ 
quently, of giving good nursing care 
for the whole body gamma effects and 
local skin injury that may result from 
combined gamma and beta radiations. 
Comparatively, medical problems re¬ 
sulting from ingestion and inhalation 
were insignificant. The threat to life 
and sur\aval was from the two factors 
mentioned. 

With, respect to the exposures to 
large populations remote from the test 
sites, we have no method of measure¬ 
ment sufficiently precise to demonstrate 
any physiological effect, although the 
physical methods are adequate to de¬ 
termine the magnitude of exposure and 
to analyze its components. Since we 


know that the total exposures from all 
tests are much less than that from back¬ 
ground radiation, the problem is essen¬ 
tially that of evaluating the effects of 
the natural background. Despite much 
speculation, we simply do not know 
even approximately the biological im¬ 
port of the natural radioactivity about 
us. It is an interesting conclusion, 
pointed out recently (1955) by Dr. 
Libby, of the Atomic Energy Commis¬ 
sion, that the congregation of people 
in an assembly must increase the total 
gamma-radiation exposure from 
contained in their own bodies by about 
2 milliroentgens per year—an appreci¬ 
able fraction of the average human ex¬ 
posure in the United States of 15 milli¬ 
roentgens from fall-out material during 
the year 1954. 

The greater concern with the genetic 
consequences of low-level exposure has 
found expression in a considerable vari¬ 
ety of opinion. The most authoritative 
and thoughtful statement on this mat¬ 
ter has been made to the Commission 
by the Advisory Committee for Biology 
and Medicine of the Atomic Energy 
Commission. This statement is as fol¬ 
lows: 

In its recent meetings the Advisory Com¬ 
mittee for Biology and Medicine has care¬ 
fully reviewed the state of our knowledge 
concerning the genetic effects of ionizing 
radiation with particular reference to the 
problem in relation to radioactive fall-out 
from atomic weapons. The following state¬ 
ment, in which we all concur, represents our 
best analysis of the problem and our con- 
'sidered opinions based on all of the evi¬ 
dence which has been collected. 

Genetic Considerations of Atomic 
Weapons Tests 

One of the important tasks of the Division 
of Biology and Medicine of the U.S. Atomic 
Energy Commission has been the safeguard¬ 
ing of the public against the effects of atom¬ 
ic radiation. The Advisory Committee for 
Biology and Medicine, consisting of inde- 
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pendent scientists from various institutions 
throughout the country, share this concern. 

The ability of radiation to change the 
genes, the hereditary material of mankind, 
has been a topic of much public discussion. 
In view of the widely contrasting opinions 
which have been voiced, the Advisory Com¬ 
mittee wishes to point out the following 
facts and estimates. 

1. The AEG from its inception has sup¬ 
ported a large number of studies on animals 
and plants in order to increase knowledge 
on the genetic effects of radiation, particu¬ 
larly on mammals. These studies, conducted 
in numerous universities and research insti¬ 
tutes, have been freely published in the 
scientific literature. The AEG has also sup¬ 
ported the extensive investigation carried 
out, under the auspices of the National 
Academy of Sciences, on the survivors of 
Hiroshima and Nagasaki and the children 
born to them. 

2. Experiments on animals and plants 
and observations on man show that muta¬ 
tions occur spontaneously at all times. Most 
of these mutations act unfavorably on the 
development, growth or well-being of indi¬ 
viduals. The spontaneously mutated genes 
have accumulated in large numbers in all 
human populations. Their presence ac¬ 
counts to a considerable extent for the fact 
that at least one percent of all new-born ex¬ 
hibit developmental abnormalities, most of 
them to a very slight degree but some in a 
more serious way. 

3. Irradiation of animals and plants adds 
to the number of more or less detrimental 
mutations. Human genes must be consid¬ 
ered as being equally subject to the muta¬ 
genic effect of radiation. Indeed, a consid¬ 
erable fraction of the so-called spontaneous 
mutations of man are probably caused by 
the natural background irradiation from 
cosmic rays, soil and food. 

4. The radiation produced bv fall-out 
from atomic weapons tests as well as from 
present and future peaceful applications of 
nuclear energy will result in additional mu¬ 
tations in human genes. The number of 
these cannot be estimated accurately at this 
time. At the current rate of irradiation from 
fall-out, among the four million children 
born each year in the United States, per¬ 
haps from a hundred to several thousand 
may carry as a result of this irradiation a 


mutated gene. At most, a small pert 
of these genes will produce any not if . ; 
effect in the first generation. Only sl< ^ ^ 
over hundreds of years, will the major it\ mI 
these radiation-induced genes become ap¬ 
parent, in a few individuals at a time, xisisa- 
ly by causing a less than normal develop 
ment or functioning of the person cou- 
cerned. It will be impossible to identify 
these individuals among the large numbe'r 
of similar ones, affected by genes already 
present in the population due to accumu¬ 
lated spontaneous mutations. 

5. No measurable increase in defective 
individuals will be observable at any time 
as the result of current weapons’ tests, since 
the few radiation-induced dc^fectives will 
not change measurably the number of about 
40,000 defectives who will occur spontane¬ 
ously among the four million births of each 
year in the United States. It may be pointed 
out that no significant change in the pc^r- 
centage of malformed children has been ob¬ 
served among those conceived after the war 
whose parents had been exposed to the 
atomic bombs in Hiroshima and Nagasaki. 

6. The foregoing conclusions apply only 
to the genetic effects of weapons* tests car¬ 
ried out at the present level and of foresee¬ 
able peacetime uses of atomic energy. The 
genetic effects of a generalized nuclear war 
would be one of many catastrophic conse¬ 
quences of such a disaster. 

G. Failla, Chairman 

Shields Warren, Vice-Chairman 

G. H. Burnett, Member 

S. T. Cantril, Member 

E. A. Doisy, Member 

Curt Stern, Member 

May 12, 1955 

In the present state of knowledge of 
radiation genetics it seems evident that 
part of the pace of evolution is attrib¬ 
utable to mutations induced by en¬ 
vironmental radiation. A large increase 
in this radiation should be attended by 
a corresponding increase in the rate at 
which ill-adapted species would im¬ 
prove their position. The betterment of 
the species with respect to a previously 
adverse environment would presum¬ 
ably be achieved at a very large cost in 
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terms of individuals, since only rarely 
would the mutations occurring lead in 
the direction of better adaptation and 
selective advantage. Consequently, it 
may be presumed that an increase in 
the constant level of radiation exposure 
might be to the evolutionary advantage 
of the species, where the cost of such 
adaptation does not need to be meas¬ 
ured in terms of pathologic individuals. 
For man, we sec no such benefit, but 
the modification of races of plants and 
animals through radiation-induced mu¬ 
tations may be turned to man’s econom¬ 
ic or material advantage in various 
ways. 

We can say categorically that the 
Sroo component of the environmental 
contamination does not present a ge¬ 
netic problem because of its localization 
in the skeleton remote from the gonads 
and because of the limited range in 
tissue of its beta radiation. The possible 
effects of Sr®® are thus upon bone mar¬ 
row or upon the structure of bone it¬ 
self. Very large doses may produce an 
acute anemia in animals, but these are 
magnitudes that could not be acquired 
under any environmental situation 
which can be visualized at present. It 
is presumed that the most important 
effect of Sr®® accumulation in the skele¬ 
ton would be to incite the formation 
of malignant tumors of bone, or bone 
sarcoma. Actually, no such instances in 
man have been known, and such knowl- 
edge as we have has been derived from 
anim; : experiments with high levels of 
Sr®® aae Sr®® deposition. At the present 
time o» r accepted permissible limit for ’ 
Sr®® is 1 l iiicrocurie, continuously main¬ 
tained in :he skeleton. There is a factor 
of safety h< re of at least 10, and prob¬ 
ably much iarger, since the figure has 
been established chiefly by comparison 
with radium. 

The considerations that apply to 
weapons-testing become even more 
consequential when large reactors for 
power and other purposes come into 


existence. There is no absolute zero of 
safety in these matters, and it must be 
accepted, with reactors as well as with 
weapons-testing, that there is some de¬ 
gree of hazard, small though it may be. 
The operation of a reactor at full power 
over a year’s time results in the ac¬ 
cumulation of large amounts of fission 
products which, because of the decay 
of those of shorter half-life, have be¬ 
come greatly enriched in those of long 
persistence. A serious reactor accident, 
therefore, may result in heavy local 
contamination whose long-term charac¬ 
teristics may be equivalent to those of 
the surface burst of a large bomb. 

In connection with the radiation 
levels attained where there is a con¬ 
stant increment of radioactive material 
to the environment, it should be re¬ 
called that under these circumstances 
an equilibrium is reached between the 
constantly added radioactivity and the 
influences of radioactive decay. If we 
increase the rate at which the contami¬ 
nating material is added to the environ¬ 
ment, we merely shift to a new equilib¬ 
rium level. In neither case is there a 
continuous build-up. We have esti¬ 
mated that an entire Castle series could 
be detonated every year and that the 
Sr®® level resulting would be increased 
only by a factor of 10 over its present 
value. 

SUMMARY 

The significance of a low level of 
radioactive contamination of the en¬ 
vironment must be evaluated in terms 
of the natural radioactivity. At the low 
levels presently existing, remote from 
sites of atomic tests, it seems highly 
improbable that any iDiologic effect can 
be demonstrated. Tliese levels of con¬ 
tamination, however, can be accurately 
measured by present-day techniques, 
and continuous monitoring of the en¬ 
vironment can be maintained. 

Greatly increased levels of contami¬ 
nation, such as might result from gen- 
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eral atomic war, would unquestionably 
lead to serious biologic complications, 
along with other aspects of a transcend¬ 
ent catastrophe. Similar problems could 
arise in the neighborhood of a large 
reactor involved in a destructive acci¬ 
dent, but, in the latter case, the areas 
contaminated would be relatively small 
and capable of adequate management. 

Probably the most significant aspect 
of the presently existing very low levels 
of contamination is that unique ele¬ 
ments occur which act as very sensitive 
tracers. Although no directly measur¬ 


able increase in our long-teru t. 
ground has resulted, the characir i 
radionuclids, such as Sr®®, may be r, , j > 
rated and quantitatively measur.ML 
Using this contamination as a tracer 
system, we should be able to advar-r t 
our knowledge of large-scale pherxnn 
ena involving the atmosphere and the 
oceans especially. Thus, the existence 
of these traces of radioactive substances 
should lead to a substantial expansion of 
the knowledge necessary to our suc¬ 
cessful utilization of nuclear energy for 
large-scale power production. 
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Man’s Selective Attack on Ores and Minerals 


DONALD H. McLAUGHLIN" 


MAN AS A GEOLOGIC AGENT 

In addition to possessing character¬ 
istics that will make him a remarkably 
fine index fossil, man through his works 
has attained a geological significance 
that is altogether out of proportion to 
the shortness of the period in which he 
has been the dominant form of life on 
the globe or to the length of time he is 
hkely to survive if some current trends 
persist. As a geologic agent, man has 
already made a notable mark on the 
earth and left rather a distinctive rec¬ 
ord, for he has been peculiarly active 
in a number of ways that have had no 
counterpart in any other age in the his¬ 
tory of the planet. 

One of his most sharply directed ef¬ 
forts in this capacity has been his at¬ 
tack on those relatively scarce geologic 
bodies known as ore deposits. With re¬ 
markable selectivity he has sought for 
these local concentrations of specific 
elements wherever he has been able to 
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reach them in the crust of the earth, 
and for the past few centuries he has 
been most energetically digging them 
out as promptly as he could find them. 

This procedure, in a geologic sense 
at least, has been a most sudden one, 
for it did not attain any importance 
whatever until the current industrial 
civilization developed. It is really less 
than a couple of hundred years old, and 
yet it has become a phenomenon that 
is one of the unique features of the age. 

The bulk of the raw materials needed 
for the machines and tools and for the 
structures, chemicals, and power, with¬ 
out which modern industry and the 
life it supports could not survive, comes 
from ore or mineral deposits or from 
organic accumulations formed in the 
remote past. In a very real sense they 
are a geologic heritage, which we are 
spending freely and enjoying thorough¬ 
ly, and without which human life on 
earth would have necessarily been or¬ 
ganized on a very different and less 
elaborate basis. Once gone, these accu¬ 
mulations of metallic and other useful 
minerals cannot be replaced in any 
period of time significant to the human 
race. The destruction of these rare and 
valuable deposits and the dissipation of 
the elements contained in them are 
geologic changes of truly profound 
character which can be attributed al¬ 
most entirely to man's very special and 
increasing need under current condi¬ 
tions for the materials obtained from 
them. 

Metals and minerals are the “vita¬ 
mins” of modern industry, as the Na- 
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tional City Bank of New York put it 
recently. Some, such as copper, lead, 
zinc, and aluminum, as well as steel, 
are needed in huge tonnages, whereas 
others are required only in very srnall 
amounts for some special function. 
Germanium is a critical element in 
transistors, which are revolutionizing 
communications, but only a minute 
fraction of an ounce is needed in each 


posits has led to the creation of vast in¬ 
dustrial enterprises. Exploitation of 
these resources has resulted in new pat¬ 
terns of life in many old regions, and 
their exhaustion in some places has 
forced adjustments of a far-reaching 
sort that at times have had disturbing 
consequences. 

NATURE OF ORE DEPOSITS 


instrument. In contrast, wire and cable 
consumed nearly 800,000 tons of cop¬ 
per in 1954. Without alloy steels, de¬ 
pendent on elements such as nickel, 
manganese, chromium, molybdenum, 
and vanadium, modern engines and 
soaring structures would be impossible. 
And another metal—gold—serves us well 
in another very special capacity by 
providing some measure of internation¬ 
al support to the depreciating paper 
dollar. 

To meet the insistent and growing 
lU'mand for these essential metals and 
minerals, the whole world is being 
searched for the deposits from which 
they are derived. Whenever found, 
these restricted geologic bodies are be¬ 
ing exploited with ever increasing skill 
and on scales that are becoming grand¬ 
er and grander, The consumption of 
these basic resources has now become 
so great—and is expanding at such a 
rate—that their adequacy in relation to 
the mounting requirements must be 
most carefully reviewed in any serious 
appraisal of means by which the multi- 
plying masses of human beings in all 
parts of the earth will be able to sup¬ 
port themselves. It is most surely a fac¬ 
tor that has to be taken into account in 
any forecast of the course that compe¬ 
tent and ambitious nations or races are 
likely to take in the centuries ahead. 

The disti'ibution of ores and minerals 
has had a profound effect on the migra¬ 
tion of peoples and on the settlement 
of particular lands. It has been a domi¬ 
nant element in the growth of states in 
which possession or content of such de¬ 


Ore deposits are an end product of 
long-continued geological processes of 
concentration by which some element 
or group of elements has been accumu¬ 
lated in a restricted environment and 
left there in far greater local abundance 
than is common elsewhere in the crust 
of the earth. 

The means by which such concentra¬ 
tions have been brought about are 
many and varied. The actual processes 
are the ordinary ones of geology, but 
their effectiveness as agents of concen¬ 
tration has been determined by the spe¬ 
cific physical and chemical character¬ 
istics of each element and its com¬ 
pounds and by the environment in 
which they functioned. They range 
from processes as diverse as the wash¬ 
ing of resistant minerals from sands 
and gravels by streams and waves to 
the condensation of sulfur from the 
vapors of a volcano. They include 
processes of rock decay as well as the 
segregation of elements from crystal¬ 
lizing melts of the many sorts from 
which igneous rocks are formed 

With the single exception of mag¬ 
nesium obtained from sea water, the 
metals we need are derived from these 
end products of processes of concen¬ 
tration. In a sense, they are geologic 
freaks, for they nearly always have re¬ 
quired an unusual combination of cir¬ 
cumstances for their initial gathering, 
for their transportation and deposition 
in a specific place, and for their preser¬ 
vation and distribution in places where 
men can find and reach them. 

As geologic bodies, ore deposits are 
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generally small and uncommon. Alumi¬ 
num, iron, and magnesium alone occur 
in rocklike masses with high enough 
content to serve as sources of these 
metals, if we were willing to meet 
the high cost in human effort, mate¬ 
rials, and power requirt>d to recover 
them. But if we had to depend on such 
very low-grade materials—abundant but 
most expensive to treat—the price of 
the metals derived from them would 
be so high that their uses would have 
to be severely restricted except in the 
case of magnesium extracted from sea 
water. As it is, the ore deposits that 
provide the large tonnages of aluminum 
and iron to meet the world's growing 
needs are not exceptions to the rule. 
They, too, are geologic concentrates 
and represent the end products of 
processes that have raised the content 
of these metals to levels that make it 
possible to recover them at reasonable 
cost. 

A simple example of a geologic 
process of concentration is afforded by 
the lateritic ores of iron and aluminum, 
whose origin is now well established. 
Three conditions which led to the for¬ 
mation of these ores were (1) the 
occurrence of a rock with aluminum or 
iron content somewhat above the aver¬ 
age; (2) exposure to long-continued 
weathering under appropriate tropical 
conditions, resulting in thorough decay 
of the rock exposed at the surface, with 
leaching and removal of silica and 
other elements and with enrichment in 
iron or aluminum as the resistant oxides 
of aluminum or iron accumulate in the 
residual surface layer; and (3) the 
preservation of gentle land surfaces on 
which these extensive scablike crusts 
accumulated. The concentration may 
be of the order of four- or fivefold, not 
very large, but critical in its bearing on 
costs of recovery. 

In contrast to these bulky elements 
are the much less abundant ones such 
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as copper, lead, zinc, and practiciilK Al 
the many other metals used in industi x, 
They occur in no common rocks in suf 
ficient quantity to offer any hope wlint- 
ever of successful commercial recovery. 
In every case the deposits from wlnth 
they are derived represent concentra¬ 
tions of much greater magnitude. In 
relation to the content of such metal in 
ordinary rocks, they usually represent 
a concentration of more than a hun¬ 
dred fold. Such deposits may be the re¬ 
sult of segregation of heavy immissible 
components of a melt—comparable to 
the separation of a matte from .a slag in 
smelting—or the collection of an early 
mineral that has separated from such 
material. Under other conditions the 
rarer elements might have been gath¬ 
ered in residual volatile fluids and car¬ 
ried upward by them from the hot 
depths of the earth to be deposited as 
the solutions dropped their loads suc¬ 
cessively upon cooling or upon com¬ 
ing into contact with more chemically 
reactive rocks. Concentrations of simi¬ 
lar order may also have been brought 
about simply by migrating solutions 
that derived their load of metals by 
leaching of rock masses under one set 
of conditions and deposited it else¬ 
where in some restricted locus where 
an environment that induced precipita¬ 
tion or reaction was encountered. 

Apart from these deposits, there is 
no source in the common or even in un¬ 
usual rocks that can be tapped for these 
metals. 

It is far from the purpose of this pa¬ 
per, however, to discuss the origin of 
ore deposits. The subject was intro¬ 
duced merely to emphasize our de¬ 
pendence on them and to point out 
their unique character as geologic 
bodies, being as they are the end prod¬ 
ucts of geologic processes of concen¬ 
tration that have gathered specific ele¬ 
ments—many of them extremely rare 
and very sparsely distributed in the 
earth’s crust—and have deposited them 
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in one form or another in special en- 
vironments, where they have Deen pre¬ 
served and left within mans limited 
reach from the surface of the earth. 

TECHNIQUES IN THE SEARCH FOR ORE 

The best clues as to the places where 
ore deposits are likely to exist are to be 
derived from knowledge of the migra¬ 
tion of elements in the superficial parts 
of the crust of the earth and from the 
reasons for their accumulation in spe¬ 
cific environments. In other words, un¬ 
derstanding of the way ores are formed 
is the best approach to the problem of 
discovering them. 

In organic deposits, such as coal, 
where stratigraphy and structure pro¬ 
vide reliable guides, or in large targets, 
such as oil pools, where relationships 
both to source and to reservoir rocks 
can be recognized and where structures 
on a major scale influence collection of 
the petroleum in traps, the geologic ap¬ 
proach—and essentially the genetic geo- 
](3gic approach—has achieved its great¬ 
est success. 

Metalliferous ores or deposits of use¬ 
ful non-organic materials present far 
more complex problems. Each element 
lias to be studied separately, for the 
processes that tended to concentrate it 
here or dissipate it there were deter¬ 
mined by its own distinctive chemical 
and physical properties and by the ways 
these determined a specific response 
under the various geologic conditions 
and in a particular environment. The 
student of oKr deposits or the practic¬ 
ing exploration geologist or engineer, 
therefore, is i.ued with far more com¬ 
plicated probk in*' than his colleague 
who is concerns with coal or oil. He 
still is justified in believing that his best 
approach is through geologic knowl¬ 
edge bearing on the origin of the de¬ 
posits he seeks; but he is likely to be 
searching for a body with qualities 
comparable to Cleopatra s—at least as 


far as its infinite variety is concerned— 
rather than one that conforms faithfully 
to simple rules. 

Within specific mineral districts, or 
even provinces, where local characteris¬ 
tics can be established, geology has 
served the practical ends of exploration 
most successfully. In the search for ores 
in the complex of sediments and intru- 
sives at Morococha in Peru (Graton 
and Burrell, 1935), in the block of in¬ 
tricately faulted granitic rock at Butte, 
Montana (Sales and Meyer, 1949), in 
the involved folds of the ancient rocks 
of the Black Plills of South Dakota 
(McLaughlin, 1933), and in many 
other active mining districts, mapping 
of pertinent geologic and mineralogic 
data and structures has served most 
useful ends, particularly when inter¬ 
preted in the light of genetic theories. 
Broader geologic principles also pro¬ 
vide essential guidance for correct 
thinking, but they rarely give the close 
direction to actual efforts to find ore 
that is desired and needed. 

The older geological methods usually 
can be effectively supplemented by the 
more recently developed geophysical 
and geochemical techniques, whereby 
an ore may be located directly by ob¬ 
servation of an anomaly caused by it in 
a physical field of one sort or another— 
such as, for example, irregularities in 
the earth's magnetic field caused by a 
deposit of magnetite—or indirectly by 
using anomalies or other physical or 
chemical data as a means of determin¬ 
ing the distribution of rocks and trace 
elements or minerals and of decipher¬ 
ing structures that have a known or sus¬ 
pected relationship to ore. 

Successes can be recorded for these 
and other devices used to guide explo¬ 
ration—as well as for the sharp eye of 
the prospector or the reckless drilling 
of the wildcatter—but the fact remains 
that the deposits that have been found 
thus far probably amount to only a 
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small percentage of the total quantity 
of ore within range of man’s skill in 
mining and boring. 

As the empty parts of the world are 
reduced, however, as is happening very 
rapidly in this age of the airplane, the 
rate of chance discovery is surely slow¬ 
ing down. Exploration will become 
more scientific and more technical, and 
even with better guidance and better 
instrumentation it is bound to become 
more costly. But it is a bold man who 
predicts that nothing remains to be 
found, even in regions that have been 
worked over with considerable skill. 

ADVANCING TECHNIQUES 
OF EXPLOITATION 

So far our industrial civilization has 
been developed in an age of abun¬ 
dance, particularly in the United States. 
An amazing, rapid succession of min¬ 
eral districts of first rank in the world 
was found as the westward exploration 
of the continent progressed. Then, a 
half-century or so later, as the richer 
ores were running out, deposits of far 
lower grade but with even greater 
gross value were profitably exploited as 
the base of immense enterprises by ap¬ 
plication of new methods of mining and 
by concentration on scales that dwarfed 
any such activities in the past. The 
technical record is a most brilliant one, 
and it deserves to stand high among 
the achievements that made the nation 
powerful by vastly increasing its eflFec- 
tive mineral resources. 

By lowering the grade of ore that 
could be profitably mined and benefi- 
ciated, the technical advances that oc¬ 
curred in the first decade of this cen¬ 
tury enormously enlarged the poten¬ 
tial ore reserves of the world. Achieve¬ 
ments of this sort, however, are pos¬ 
sible only where the specific element 
occurs in bodies that are susceptible to 
such treatment. The porphyry-copper 
deposits were the first outstanmng 


example. The successful concentration 
of the taconite ores of iron in the Lake 
Superior region is a more recent one. 
In the case of copper, the technical 
skills developed in the handling of the 
low-grade ores on a large scale reduced 
the cost of the metal in spite of the 
smaller content of metal recovered per 
ton. In the case of the taconites, the 
additional beneficiation is likely to re¬ 
sult in costs that will exceed those for 
iron derived from the higher-grade pits 
—but will still provide a furnace feed at 
a competitive price and will vastly ex¬ 
tend the life of mining in the Mesabi 
region. 

Again the properties of each metal 
determine the nature of ore bodies from 
which it will be won. At one extreme, 
we have small erratic deposits, so diffi¬ 
cult to find or to work economically 
that the supply at best falls far short of 
the potential demand. Prices necessar¬ 
ily remain high, and uses are re¬ 
stricted. Such is the situation with re¬ 
gard to beryllium. At the other ex¬ 
treme, a metal may be so widely dis¬ 
tributed in relatively lower concentra¬ 
tions that immense tonnages might be 
added to reserves of available ore by a 
substantial increase in its price, as may 
be illustrated by uranium, or by reduc¬ 
tion in costs per ton of mining and 
treatment, as happened in the case of 
copper. 

EFFECTS OF SCARCITIES 

Periods of scarcities of long or short 
duration are certain to occur for a spe¬ 
cific metal or mineral as the demand 
fluctuates and as old mines are de¬ 
pleted. The immediate eflFect of scarci¬ 
ties in a free-enterprise system is to 
raise the price of the material con¬ 
cerned. In £he case of metals, this would 
at once lower the grade of ore that is 
profitable to mine and thereby extend 
the life of old operations and stimulate 
the development of new ones. Substan- 
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A niarkt'd rise—say, a doubling or 
trebling of the price of a metal—could 
have most spectacular results. Far more 
money would be risked in exploration 
and new developments, and it is a cer¬ 
tainty that the available rc^serves in the 
case of nearly every metal or mineral— 
on a pJanetaiy basis at least-would be 
very greatly increased and the evil date 
of drastic scarcities postponed beyond 
the foreseeable historic future. 

Furthermore, under such conditions, 
the higher price would enforce econo¬ 
mies in use. Specific metals or minerals 
would be employed solely where their 
qualities gave them unique value. Un¬ 
der these circumstances it is a certainty 
that technical management, in its effort 
to I educe costs, would deyelop and use 
substitutes to whatever degree prices 
and the need dictated. (In the last war 
Jor example, the Germans were not long 
m replacing brass cartridge cases with 
entirely satisfactory cases made of steel- 
and on this continent the scarcity of 
mercury was much relieved by the sub- 
stnution of lead azfdes as fu&es ) 
The result of such changes would cer¬ 
tainly be economies in the use of a spe- 
mineral, leading possibly 
to extreme reduction in quantities used 
in some cases. In otlier^instances, the 
niimmnm might still be 
large, wheye the metal had unique 
properties for which a substitute could 
not be found and even an extremely 
high cost would not be a serious deter^ 

cer- 

tain of the alloy metals. 


hanging the Face of the Earth 

The profound effect of price upon 
supply and demand for metals and min¬ 
erals was emphasized in a recent paper 
by Just (1955). As an example, he cited 
manganese, which at the current price 
of about four cents per pound is scarce 
enough to warrant special effort to 
build up a national stockpile for the 
protection of the steel industry, in 
which it is an essential material, and to 
provide subsidies to stimulate deyelop- 
ment of domestic enterprises. If the 
price were increased to one dollar per 
pound. Just asserts with reason that the 
world s commercial deposits would be 
multiplied tenfold through making it 
possible to mine and treat certain enor¬ 
mous deposits that are hopelessly low 
grade at the present price. Specifica¬ 
tions for use would probably be made 
less exacting, more effort to obtain the 
desired results in the steel industry 
with less manganese would undoubt¬ 
edly be made, and as much as three- 
quarters of the manganese now wasted 
might be recoyered. Tlic combined ef¬ 
fect, according to Just, could conceiv¬ 
ably make the manganese supply go a 
hundred times as far as under present 
conditions. The final cost to users of 
steel with the suggested increase in 
price would not be prohibitive—and the 
time of shortage's wouJd be pushed far 
enough into the future to curb the fears 
even of a geologist. 

In 1952 the President's Materials 
Policy Commission submitted a report, 
now commonly called the “Paley Re¬ 
port, in which a lengthy compilation 
of statistics on ore reserves and rates of 
consumption were presented, the situa¬ 
tion discussed at length, and conclu¬ 
sions drawn with regard to future short¬ 
ages and their dates of arrival. Predic¬ 
tions were based mostly on straight-line 
projections of present rates, with inade¬ 
quate allowances for the effect of price 
rises as scarcities developed. The diflB- 
culty, if not the impossibility, of con¬ 
solidating so many uncertain variables 
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in a curve makes such projections of 
rather limited validity, for at best they 
are hardly more than an indication of 
what might be expected if current con¬ 
ditions (exploration rates and returns, 
scales of production, uses and con¬ 
sumption, etc.) all continued without 
much change. 

This assumption, however, is an un¬ 
real one. About the best that can be 
said is that each metal and each type 
of ore or mineral deposit must be 
studied individually, and the prospec¬ 
tive outcome of exploration on district, 
province, and world scales appraised. 
The balance between supply and de¬ 
mand, future prices, advances in tech¬ 
nology, and a number of other vari¬ 
ables, partly dependent and partly in¬ 
dependent, would also have to be as¬ 
sessed before even a tentative guess 
could be made. 

All in all, it seems to me to lead to 
the conclusion that, although ore sup¬ 
ply or supply of mineral raw materials 
may well be a most worrisome consid¬ 
eration for an individual district and 
for the enterprises based on it, or in 
some cases for a nation or even for a 
province, the time of scarcities that 
would be painfully acute on a world¬ 
wide basis is probably long postponed. 
So long, in fact, that predictions with 
regard to what the activities of the 
human race are likely to be when the 
shortages eventually develop are rather 
futile, especially in these days when 
those high priests of the present age— 
the physicists—continue to surprise us 
by their revelations and the engineers 
by the promptness and ingenuity with 
which they take advantage of the new 
ideas of the scientists for useful pur¬ 
poses. 

DISTRIBUTION OF ORE DEPOSITS 

Although only a geologist is likely to 
regard the exploitation of the planet’s 
ore deposits as a very short-lived a£Fair, 
statesmen and others who think in units 
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of time longer than decades may well 
find that inadequacy of the accessible 
supply of mineral raw materials is an 
acutely serious matter to their particu¬ 
lar country and creates problems that 
must be solved with enlightened self- 
interest if trouble is to be avoided. This 
situation, however, is to be attributed 
to the uneven division of such resources 
among nations rather than to impend¬ 
ing scarcities on a world-wide scale. 

Ore deposits are generally distrib¬ 
uted in patterns that reflect the geo¬ 
logic history of regions. To the extent 
that the geographic features are deter¬ 
mined by the geology, they will exhibit 
a relationship to them as well. Belts, 
such as the Cordillera of the two Amer¬ 
icas, obviously have closely related geo¬ 
logic and geographic characteristics; 
and the ore deposits, associated genet¬ 
ically with specific geologic events, ex¬ 
hibit striking geographic habits that 
have led to the recognition of such re¬ 
gions as metallogenetic provinces. Basi¬ 
cally, however, the control is geologic. 

These trends in distribution of ore 
deposits or mineral districts are likely 
to exhibit a perverse independence of 
the lines established by political geog¬ 
raphers. The great iron-ore deposits of 
Western Europe lie along the troubled 
zone of contact between the Germanic 
people and the French, and the actual 
border in most periods has caused un¬ 
economic separation of essential indus¬ 
trial activities. Prior to the last war, the 
German-Polish border cut through the 
lead-zinc-bearing region of Silesia, 
which did little to promote good rela¬ 
tions in that uneasy region; and the 
nickel deposit of Petsamo, developed in 
Finland by the International Nickel 
Company of Canada just prior to the 
war, was one factor that pulled the cur¬ 
rent Russian frontier toward the west. 

Certain regions are richly endowed, 
while others are hopelessly barren, and 
no amount of effort or wishful thinking 
will change this fact (McLaughlin, 
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cs cut abroad. Belgium, where the famous 
^ human mines of the Moresnet district had 
n in a played an important part in the devel- 
are not opment of the zinc industry, was able 
pted as to maintain its position as a zinc pro- 
id min- ducer only by obtaining ores from 
m have abroad for its smelters. Britain long ago 
leposits outran its meager resources in copper 
item of and tin, though its Swansea smelters 
in the continued to struggle along with a fair 
lands success by importing ores. The Empire 
ws to of course helped England maintain its 
ipable position, but, as far as domestic sup- 
his is plies were concerned. Great Britain in 
; lines the last few decades must be regarded 
:es or as a land nearly depleted of all ores 
ise to except iron and dependent on water- 


economic forces of an age that is long 
past. Migrations of this sort will in¬ 
evitably occur in a world in which in¬ 
dustrial nations will pay well for the 
minerals they must have to survive, and 
the disturbances thus caused to pre¬ 
existing patterns of living must be t^en 
into account in any serious effort to 
preserve international stability. 

The need for minerals on the part of 


borne supplies even for much of that. 
In spite of the unusually bountiful nat¬ 
ural endowment the United States en¬ 
joys, our immense industrial develop¬ 
ment has transformed us from a coun¬ 
try with an exportable surplus of most 
metals and minerals to one in which 
our consumption of nearly every impor¬ 
tant mineral exceeds our own substan¬ 
tial domestic production. 


any moderately developed industrial 
nation is so great that no country, not 
even the United States or Russia, is any 
longer self-suflScient. Some countries 
are truly ‘have-nots’" as far as their min¬ 
erals are concerned. Every major in¬ 
dustrial country is a “need-more.” 

As successive scientific discoveries 
were applied to technical ends, one 
metal after another became critically 
needed—<Jopper, as electricity was em¬ 
ployed on a world-wide scale; nickel, 
tungsten, chromium, and other alloy 
metals, as steels had to meet more and 
more exacting demands in machines, 
structures, and tools; aluminum and 
magnesium and now titanium, as air¬ 
craft advanced in design—and so on, 
until the consumption of metals 
reached levels that no nation could 
match from its own geological endow¬ 
ment. First, the countries with limited 
resources had to obtain ores from 


Under these conditions, isolation or 
the assumption of self-suflBciency be¬ 
comes an absurd concept. It could be 
entertained only if we were willing to 
curtail our industry, reduce our con¬ 
sumption of raw materials, and revert 
to a much simpler form of life. Even if 
there were any inclination to do thus 
(which there certainly is not), the ne¬ 
cessity of supporting the present im¬ 
mense population would rule it out. 
Our current output of metals and min¬ 
erals could undoubtedly be increased 
by substantially higher prices, which 
might be achieved through tariffs, sub¬ 
sidies, bonuses, or other forms of spe¬ 
cial consideration. But this would only 
result in higher prices for all we manu¬ 
facture, inevitable loss of markets in 
the growing international competition, 
and economic suicide. 

The uneven distribution of ores and 
minerals—uneven geologically and geo- 
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graphically in a basic sense and still 
more uneven in relation to the vast dif¬ 
ference in industrial needs—makes in¬ 
ternational trade a necessity and per¬ 
haps more than any other factor will 
promote the sort of understanding be¬ 
tween nations that to my way of think¬ 
ing oflFers more hope than any other in¬ 
fluence for preserving peace—namely, 
the recognition of each other s needs 
and of the ways they can be met to 
mutual advantage. 

There is nothing new in the export 
of technical skill across borders. For 
centuries the more highly developed in¬ 
dustrial nations have undertaken min¬ 
ing enterprises in countries far removed 
from their own. In the last fifty years 
the most conspicuous of our activities 
have been the American copper mines 
developed in Chile and Peru and the 
many base-metal enterprises in Mexico. 
Bauxite ores from New Guinea and 
Surinam, iron ores from Venezuela, and 
chromite from the Rhodesias are more 
recent examples. In the deserts of Chile 
and Peru, in the high Andean Plateau, 
and in the tropical forests of Venezuela 
and other countries of the Caribbean, 
new centers of population have been 
created, and towns and even cities have 
been built up through the winning of 
new wealth from the mines and auxil¬ 
iary activities. In connection with these 
mining undertakings, railroads have 
been built, power provided, standards 
of living raised, and new means of sup¬ 
port supplied beyond anything known 
in the past. In each of these cases, pri¬ 
vate enterprise provided the money, 
machinery, and technical skill that de¬ 
veloped these immense undertakings to 
the mutual advantage of the countries 
in which the investments were made 
and in the end to the investor. Such 
transactions have long set a pattern 
that is well understood by businessmen 
of international stature and that behind 
the scenes commands more respect than 


the strange giveaway schemes of nvii. 
recent years. 

SUPERFICIAL EFFECI'S OF MINING 

Except in the case of those deposits 
that were formed by processes of 
weathering or recent sedimentation and 
are themselves actually part of or close 
to the more superficial layer of the 
earth, mining has created tew scars. 
The removal of lateritic deposits (the 
ores of iron and aluminum, previously 
mentioned), covering rather extensive 
areas in various countries usually to 
depths of not more than tens of feet, in¬ 
volves of course complete obliteration 
of the original surface; but, as such 
ores are rarely if ever in regions of good 
soils, no damage of any importance 
results, unless the actual consumption 
of a valuable mineral resource could be 
so considered by some ultra conserva¬ 
tionist. 

The mining of placer deposits (i.e., 
gravels and sands in which a resistant 
mineral such as gold or cassiterite has 
been concentrated) may in some cases 
reiiult in the virtual destruction of valu¬ 
able alluvial soils where such deposits 
occur in valleys and particularly where 
they are mined on a large scale by 
dredging. The gold alluvial deposits on 
the margin of the Sacramento Valley in 
California are a well-known example. 
Even in this rather extreme case, how¬ 
ever, the limited extent of these de¬ 
posits will make the actual loss of valu¬ 
able land relatively small and far less 
than that resulting from the spreading 
blight of housing projects in response 
to the rapidly expanding population. 

Dredging in other regions, particu¬ 
larly in the tin fields of Malaya or the 
gold fields of New Guinea, where only 
dense jungle growth is removed, causes 
no loss whatever, and the slight debit if 
any against the mining operations hard¬ 
ly deserves mention. 

A most conspicuous disturbance of 
the surface occurs in the course of min- 



Mans /?.'/> Changing the Face of the Earth 


860 

ing of the porphyry-cej'! ' ’ .ifjiosib and 

of the iron ores of tlic Mes.tbi w 
wciise open pits. None nf these de¬ 
posits, however, is sitimted in a region 
where the surf nee is of more tJiaii nomi- 
naJ value. Even from an aesthetic 
standpoint, the result is not distasteful, 
for the terraced walls resulting from 
the removal of the ore in successive 
benches have a peculiar beauty of their 
own. Indeed, the great man-made pit 
at Bingham Canyon in Utah very prop¬ 
erly excites high admiration, as do 
many other similar workings on some¬ 
what smaller scale. Surely no damage 
of any sort can be charged against 
these notable mines that have added 
metals and minerals worth billions of 
dollars to the world's stock. 

The mining of deeper deposits causes 
little or no marks on the surface except 
dumps of waste rock or tailings from 
the mills. The headframes ana build¬ 
ings for the plant not uncommonly 
have considerable architectural merit, 
with their truly appropriate functional 
designs. The dumps may be conspicu¬ 
ous, as they are on the Witwatersrand 
in the Transvaal, where some 60,000,- 
000 tons per year of siliceous gold ore 
are broken, ground to a pulp, and 
stacked in huge piles after the gold is 
extracted. There they bring an interest¬ 
ing element of relief, standing high 
above eucalyptus groves, to an other¬ 
wise* rather monotonous and unproduc¬ 
tive landscape. 

All in all, the losses to soils, to for¬ 
ests, or to streams resulting from min- 
ing operations in all fairness must be 
regarded as negligible, even if consid¬ 
ered in their entire gross eflFect, and 
utterly insignificant in relation to the 
values made available by the enter¬ 
prises themselves. 

Indirect damage to a region, such as 
stripping of forests to provide fuel for 
power or for mine timber, was not un¬ 
common in the earlier days of mining 


in many American districts, particular¬ 
ly in the West, when survival in remote 
places with primitive facilities for trans¬ 
portation was possible only if such pro¬ 
cedures were employed. They have, 
however, disappeared completely in 
modern practice, and most of the larger 
organizations in the industry have 
played an important part in promoting 
orderly forestry practices in the regions 
that serve their needs. Indeed, the first 
contract for carefully controlled cutting 
of timber in a national forest was 
granted to the Ilomestake Mining Com¬ 
pany in the Black Hills of South Da¬ 
kota, and the good practices estab¬ 
lished in that region have long served 
as an excellent example of wise utiliza¬ 
tion of forest resources. 

SUMMARY 

From even as cursory a review of the 
problem as is presented in this paper, 
it seems reasonable to list the following 
conclusions: 

1. The intensive exploitation of min¬ 
eral resources at the current rate will 
result in their exhaustion in a period of 
time that is very short in a geological 
sense. 

2. The depletion of such resources 
already creates serious problems for 
certain nations. 

3. The consumption of metals and 
minerals on the part of the major in¬ 
dustrial powers has exceeded the sup¬ 
plies available from the domestic 
sources of any one of them, even the 
United States. 

4. Scarcities could be relieved or al¬ 
most indefinitely postponed, except 
possibly in the case of a few metals and 
minerals, by a rise in prices, which 
would inevitably result in more inten¬ 
sive exploration for ores, in enlarge¬ 
ment of plants and building of new 
ones, and in economies in use; such 
increases in price could if necessary be 
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substantial without seriously disturbing 
the industrial economy. 

5. Even though the exploitation of 
mineral resources causes the dissipation 
of an irreplaceable geologic heritage, 
accumulated over a vast extent of time, 
it is being accomplished with little or 
no serious damage to the surface of the 
earth as a habitat for man and has 
made and is making a wealth of metals 
and mineral products available for use 
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without which the present industrial 
civilization would be impossible. 

6 . In spite of shortages that may be 
very disturbing to restricted national 
economies, the time before serious 
scarcities will occur for the earth as a 
whole is still so far in the future that 
adjustments and adaptations to the 
slowly changing conditions can prob¬ 
ably be made without creating drastic 
dislocations. 
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The Role of Transportation and the 
Bases for Interaction' 

EDWARD L. ULLMAN* 


Few forces have been more influen¬ 
tial in modifying the earth than trans¬ 
portation, yet transportation itself is a 
result of other forces. Nor have the 
main results of transportation been the 
mere scratches of transport construc¬ 
tion on the surface of the earth. Such 
traces, important locally and changing 
as we shall see, are really significant 
even on the habitable portions of the 
globe. 

In order to define the role of trans¬ 
portation on the earth’s surface, it is in¬ 
structive to broaden the concept of 
transportation to the French circula¬ 
tion, which includes all movement and 
communication. Circulation, then, is 
basic to spatial interaction and thus to 
the geographic term “situation.” Situa¬ 
tion refers to the effects of phenomena 
in one area on another area. Specific 
processes relevant to situation include 
diffusion, centralization, migration, or 
transportation. Situation contrasts with 
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“site,” which refers to local, underlying 
areal conditions, such as type of soil 
correlated with type of agriculture. Site 
thus might be conceived as a vertical 
relationship; situation, as a horizontal 
one. 

As early as 1890 Mackinder noted 
this dualism: “The chief distinction in 
political geography seems to be founded 
on the facts that man travels and man 
settles.” 

An example of alternate interpreta¬ 
tion based, respectively, on site and on 
situation is provided by the age-old 
puzzle of assigning reasons for the 
growth of particular civilizations in 
particular places. Thus Toynbee, in his 
challenge-and-response theory, uses a 
site concept with a new twist—the chal¬ 
lenging effect of a relatively poor envi¬ 
ronment. Gourou (1949), in reviewing 
this concept, poses the following query: 
Does the substitution of the effects of 
an unfavorable environment for the ef¬ 
fects of a favorable one represent prog¬ 
ress over previous interpretations based 
on environmental determinism? He 
poses as an alternate possibility a situa¬ 
tion concept—the rise of civilizations in 
favored corridors for interaction, so that 
contact with other civilizations and con¬ 
trasting ideas was facilitated, as in parts 
of Europe. Without going into the mer¬ 
its of either explanation, we would hold 
that undoubtedly site, situation, and 
other factors as well are all involved in 
any total understanding. 

Basic to this process of interaction is 


862 



The Role of Tr(insj)oi laiion (oul the R(is('s for 1 }it(oactioii 


the ease or difficulty of movement and 
communication. A host of authors justi¬ 
fiably, though perhaps not too criti¬ 
cally, attest to the overwhelming im¬ 
portance of transportation and com¬ 
munication. With considerable logic, 
many scholars regard the early stages 
of the industrial revolution to be more 
properly labeled as the “transportation 
revolution” (Taylor, 1951). 

Economists and others have recog¬ 
nized through the ages that, in general, 
trade and improvements in transporta¬ 
tion to facilitate it raise the standard of 
living of all parties concerned, although 
not necessarily equally. Thus Caininann 
writes (1951, p. 96) that Samuel Tur¬ 
ner reported from his mission to Tibet 
in 1783 as follows: 

Necessity had developed a commejce 
that was onlv languidly conducted by a nat¬ 
urally lazy people. He felt, however, that 
once the Tibetans had become ac<|uainted 
with the pleasures of luxury and the profits 
of commerce, they would be roused from 
their apathy and would feel the need for a 
higher standard of living. 

SOME EFFECTS OF IMPROVED 
TRA NSPORTATION 

Improvement in transportation and 
circulation has produced two contrast¬ 
ing and contradictory results: (1) In 
many cases it has made the world and 
its peoples more alike, since they are 
enabled to share ideas, products, and 
services; this aspect has been stressed 
most by social scholars and undoubted¬ 
ly is of great importance. (2) Simul¬ 
taneously, in many cases it has made 
areas more unlike, since each region 
has been enabled to specialize in activi¬ 
ties it can do best, whether based on 
factors of production related to land, 
labor, capital, or simply economies of 
scale. 

This latter has been emphasized by 
numerous students of transportation 
and economics and would appear to be 
the more important factor in the phys- 
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ical modification of the earth by man. 
Let us consider it in more detail. 

Effect on Areal Specialization 

Areal specialization promoted by im¬ 
proved transportation has resulted, in 
part, in the creation of large, mono¬ 
lithic, particularized production areas 
tied to distant markets. The wheat 
belts, corn belts, and truck areas in 
agriculture and the specialized manu¬ 
facturing belts in industry have become 
the characteristic land-use features of 
the modern commercial world. This 
has produced a pattern drastically dif¬ 
ferent from that of earlier subsistence 
economies, with little or no transporta¬ 
tion, or even from the spatial economy 
envisaged in 1826 by von Thiinen in his 
famous Der isolierte Staat as concentric 
rings of land use around a central-city 
market, their intensity being dictated 
by transport costs (see P"ig. 76, p. 254). 

The chief change that transport im¬ 
provement has wrought is in the scale 
of areal differentiation. Within the 
large specialized agricultural areas, 
for example, there is less subregional 
differentiation now than formerly, inas¬ 
much as a wide range of subsistence or 
locally transportable crops need not be 
grown. 

Some features of von Thiinen's rings 
persist. Location near market is still 
important, as witness, for example, 
Bogiie’s (1949) studies on dominance 
and subdominance, wherein he shows 
that in the United States counties near 
metropolises tend to have denser popu¬ 
lation and greater development than 
counties farther out. This is due in part 
to easier access and in part, I am sure, 
to the fact that cities tend to be located 
near the middle of productive areas, in 
line with the "central-piace” theory 
(Christaller, 1935; Ullman, 1941). 
Bogue also notes that development 
tends to be greater in sectors along the 
main connecting transport lines, as 
would be expected and as is confirmed 
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for most of llie world h\ .i mere glance 

at population maps. 

The iwtruordiniijy iicvclopwent ot 
steam navigation and steam railroads 
in the nineteenth century especially 
precipitated a drastic rearrangement of 
settlement patterns in much of the 
world (see Malin, pp. 356—5/ above). 
Wheat-growers in many parts of Eu¬ 
rope were forced out of business by 
overseas competition. New England 
farmers abandoned their hill farms, 
particularly from the 1830*s on, and 
moved to the superior farm lands of the 
Middle West or to new manufacturing 
opportunities in the cities. In much of 
New England the rural areas became 
among the least populous in America, 
the fields reverted to woodland, and 
only the indestructible stone walls re¬ 
mained as reminders that the land had 
once been farmed. 

Conversely, in some cases transporta¬ 
tion has enabled the natural environ¬ 


been intimately related to transporta¬ 
tion. Their very existence on a large 
scale was made possible by the devel¬ 
opment of means to transport farm sur¬ 
plus to them. It was of course necessary 
that there first be a farm surplus, as 
Adam Smith (1937, p. 357) and others 
have noted (Sombart, 1916, pp. 130- 
31). This has been contingent on im¬ 
provement in farming technique, a 
process still going on, as witness the 
declining number of farmers in much 
of the world. The specific city-building 
factor, however, is not the mere focus¬ 
ing of routes on a city but rather the 
transferring of goods from one form of 
transportation to another—a break in 
bulk as between land and water 
(Cooley, 1894; Harris and Ullman, 
1945). Where goods must be handled, 
storage or further processing tends to 
develop. 

Cities have long recognized their de¬ 
pendence on transportation and have 


ment to be ‘‘corrected.” In France, for 
example, the construction of railroads 
permitted lime to be transported cheap¬ 
ly to poor fields and thus increased 
agricultural yields (Fromont, 1948, pp. 
66-69). Fertilizer of course is now 
widely transported around many parts 
of the world and is a feature of modern 


sought to improve their connections. It 
has been standard practice for cities to 
subsidize transport routes to or through 
them. Some cities even built their own 
lines, for example, Cincinnati, which 
still owns the Cincinnati, New Orleans, 
and Texas Pacific, connecting the city 
with the South and now leased to the 


agriculture. 

Specialization, made possible by 
transportation, has also produced some 
of the evils associated with one-crop 
farming and excessive specialization. 
However, it seems reasonable to assume 
that such specialization, on balance, is 
probably more beneficial “ecologically” 
than harmful. Steep slopes or other 
poor areas near markets, for example, 
no longer need be farmed. The forest 
is taking over svich areas throughout 
the northeastern United States, as 
Klimm (1954) has shown. 

Effect on Cities 


Southern Railway. Much of the histori¬ 
cal geography of the eastern seaboard 
of the United States since independence 
is related to the struggles of the princi¬ 
pal ports to gain access to the interior. 

In newer parts of the country the 
railroads in many cases preceded ex¬ 
tensive settlement and virtually created 
•cities; on the other hand, some of them 
failed to touch major centers because 
of the multiplicity of competing lines. 
A somewhat chaotic geography is the 
result. In New England the rail pattern 
developed somewhat more rationally 
without a multiplicity of competing 
lines. Here the urban centers had been 


Cities, the principal seats of popula- already established; the larger cities 
tion in the Western world, have long were able to put up more money than 
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the smaller ones and thus obtained rail 
routes to reinforce their dominance 
(Kirkland, 1948). In many parts of Eu¬ 
rope, also, the dominance of political 
capitals was strengthemed by rail con¬ 
struction. 

Effect of Freight Rates 

The rate practices of transportation 
are often said to produce an artificial, 
“unnatural” economic geography. To a 
degree this may well be true in many 
specialized cases. A well-established 
practice, for example, is to charge less 
than total-cost rates (sufficiently high 
to cover out-of-pockc't or variable costs) 
for low-value commodities which can¬ 
not aflFord to pay high costs and to re¬ 
coup the difference on higher-value 
commodities. In consequence, low- 
value, bulk commodities tend to be 
moved longer distances, and higher- 
value commodities shorter distances, 
than might otherwise be the case (Pen¬ 
rose, 1952). 

How much the monopolistic rate 
practices cited by Penrose actually 
affect major flows in the United States 
is difficult to determine. The largcst- 
volume haul of one commodity in the 
United States, for example, is coal from 
West Virginia and Virginia to the Mid¬ 
dle West and the eastern seaboard (see 
Fig. 166, p. 874). The three principal 
coal-carriers (Norfolk and Western, 
Chesapeake and Ohio, and Virginian) 
obtain the overwhelming bulk of their 
revenue from this one commodity. It is 
likely, therefore, that their rates do 
cover total costs, since these three roads 
are the most profitable railroads in the 
United States (Lambie, 1954). 

A generalized hypothesis that I 
would like to advance concerning the 
effect of freight rates is that they often 
tend to accentuate and perpetuate ini¬ 
tial differences between areas. Most 
freight traffic, at least in the United 
States, moves on so-called “commodity 
rates” specifically established from 
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point of origin to point of destination 
Low rates are granted on volume 
movements, which specialization tends 
to foster. Thus new areas or small pro 
ducers may find it difficult to coinpett 
initially. Alexander found (1944) that 
the fertile, cash-grain area of central 
Illinois had low rail rates per mile to 
principal markets for its chief product 
—corn—and high rates on cattle, where¬ 
as rates in the less fertile cattle-produc¬ 
ing ar(‘a of western Illinois were re¬ 
versed—low on cattle and high on corn. 
The rate structure thus tends to accen¬ 
tuate and perpetuate areal specializa¬ 
tion based on natural conditions. 

Much work remains to be done on in¬ 
terpreting the multiplicity of freight 
rates in meaningful geographical terms. 
Previous research has been concerned 
largely with regulatory or pricing as¬ 
pects. Through new research the pro¬ 
posed generalization can be tested, and 
others may well emerge. 

Effects of New and Varied 

Mediums of Transport 

Improvements in transportation have 
tended to promote concentration and 
long hauls and thus to change the scale 
of the earth’s regions. Rate structures, 
including former “basing-point” sys¬ 
tems, work in the same direction, as do 
the relatively low ton-mile rates applied 
to carloads, trainloads, and shiploads 
and on long hauls. This contributes to 
the growth of large cities, to large and 
more distant production areas, and to 
the elimination or reduction of, for 
example, small ports and some small 
producing areas. 

Certain more recent developments, 
however, may be working in the oppo¬ 
site direction, namely, the use of the 
automobile in transportation and the 
telephone in communication, both of 
which are pre-eminently short-distance 
connectors. One of the main effects of 
the automobile is to provide uniform 
transport service throughout an area 
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and thus fa open nil uternctJon 

In American cities it- immobile has 
had the spcctnc uhir t ttfi t of opening 
up interstices het\\'('('’j ioiincv transpoit 
*\spokes'’^ on the pt^npherv of cities and 
thus has iiicrcnsed th*' area available 
for urban sc ltlenuTit far more than the 
distance to work. Thus, if the radius of 
a city doubles during growth, the maxi¬ 
mum length of journey to the center of 
the city also doubles, but the area 
available for settlement increases four¬ 
fold. Areas tributary to cities have be¬ 
come similarly accessible, and the spac¬ 
ing of cities thus has been made more 
regular. We are still adjusting to the 
eflFects of this revolutionary, universal 
transport medium. 

Forms of transportation dijffcr in 
tlieir ability to overcome terrain and 
oth('r features of the environment. 
When draft animals were used, forage 
was all-important, and routes were 
selected for good grazing conditions. 
The first railroad in South Africa, from 
Cap(* Town across the arid Cape Flats, 
was laid out partly be'cause there was 
no forage for animals along this barren 
stretch (CoodfeUow, 1931). To give 
but one more of possible examples, of 
all the forms of land transportation, if 
canals be excluded, railroads are the 
most sensitive to grades; hence the 
choice among alternative routes is more ] 
restricted for a railroad line than it is ] 
for a highway. j 

Developments in transportation have ^ 
changed the ii /»act on man of features 1 
of the natural Tivironment. A moun- e 
tain range is nni he same phenomenon 1 
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nteraction. moving equipment in recent years has 
ohilc has drastically cut excavation costs, in 
opening spite of great increases in labor and 
transport other costs. As a result, railroads and 
ities and highways arc realigning their routes; 
vaiJable fliey are creating new and bolder marks 
han the on the earth’s surface. 


General Effects of Transportation 

Changes and the Effort Devot¬ 
ed to Movement 

Interaction in the modern world has 
been enormously increased by improve¬ 
ments in trailsjiortation. The great trade 
routes of the past were mere trickles 
compared to today’s volume flows. 
Bidk movements of raw materials even 
remotely comparable to the shipments 
whicli come daily to a modern steel 
plant w^crc unknown. Each area of con¬ 
centrated settlement, therefore, had to 
produce most of its own fuel, food, 
and other necessities, and trade was re¬ 
stricted largely to luxury items that 
could stand the high cost of shipment. 
To be sure, the relative cheapness of 
transportation by water permitted a 
certain amount of crop specialization 
even in sailing-ship days, as witness the 
dependence of Athens on the wheat- 
lands of what is now the Ukraine and 
the dependence of Rome on grain 
shipped by sea from Egypt and other 
parts of North Africa. The partial de¬ 
pendence of Great Britain on special¬ 
ized producing areas overseas also be¬ 
gan before the development of modern 
forms of transportation. As just one 
example, the introduction of superior 
English ships into the Mediterranean in 

•■1. _ r*r. 
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to canalboats, sl. ;im locomotives, diesel ’the fifteenth century in part made 
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engines, auton )biles, trucks, jeeps, 
horses, yaks, jupelines, electric wires, 
airplanes, and radios. Advances in con¬ 
struction technology have also drasti¬ 
cally altered the eflFec ts of terrain. Early 
railroads, built by men and animals, 
avoided extensive excavation and sub¬ 
stituted curves or steep grades. The 
revolutionary improvement in earth- 


feasible winter navigation even in that 
inland sea (Braudel, 1949). 

Transportation consumes an impor¬ 
tant part of the world’s energy. In a 
modern industrial country like the 
United States, I estimate that about 20 
per cent of the labor force is directly or 
indirectly employed in the operation, 
servicing, manufacturing, and selling 
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of transportation and communication 
facilities. In a primitive society, 
equipped with little or no machinery, 
the daily output of energy is also great, 
as each person laboriously moves things 
from place to place within a small area. 
But the volume and distance of move¬ 
ment are small; the scale and range of 
spatial relations are likewise small. 

It may be that the energy devoted to 
transport in primitive societies is as 
great as in modern ones, even though 
movement is negligible. Specialists in 
transportation operation or manufac¬ 
ture are few, and much movement is 
dependent on part-time efforts of 
others. For example, on the northern 
China plain in the 1930*s great dis¬ 
tances were not traversed by carts, in 
part because the farmers who provided 
the service were loath to leave their 
farms untended for more than three or 
four days (Yang, 1944). Even in the 
United States farmers not long ago had 
to devote much energy to local hauls, 
as the following statement of an Iowa 
farmer indicates (Moe and Taylor, 
quoted in Atherton, 1954, pp. 238-39): 

Years ago to haul hogs to market, I had 
to get the help of live of my neighbors. In 
6 wagons we would carry 30 hogs. We went 
5^2 miles to the railroad stop in Irwin. I had 
to buy a meal for the men and myself. Gen¬ 
erally it cost me about 50 cents apiece. 
Those men ate a real meal, not a lunch. 
That s $3. To put the 6 teams in the livery 
barn cost $1.20. Because I had the men 
come and help me, I had to go and help 
them, which meant 5 days of work off the 
farm for myself and my team. The cash cost 
alone was $4.50. Today, I can hire a trucker 
to take 25 or 30 hogs to Harlan, more than 
twice as far, for only $2.50. He can get 
them there and be back in 2 hours. And I 
don’t have to spend any time off the farm. 

THE BASES FOR TRANSPORTATION 
AND INTERACTION 

Transport is seldom improved with¬ 
out a demand. Many immigrants came 
to the United States before the steam¬ 


boat was perfected, and settlers bt gan 
to push across the Appalachians be!ore 
the Erie Canal or the railroads were 
built (Healy, 1947). Improvements in 
transportation alone, although impor¬ 
tant, were not as a rule responsible for 
the whole of increased interaction be¬ 
tween places. What, then, are the con¬ 
ditions under which interaction devel¬ 
ops? The following three-factor system 
is proposed for explanation. 

1. Complcmentaritij.—It has been as¬ 
serted that circulation or interaction is 
a result of areal differentiation. To a 
degree this is true, but mere differen¬ 
tiation does not produce interchange. 
Numerous different areas in the world 
have no connection with each other. 

In order for two areas to interact, 
there must be a demand in one and a 
supply in the other. Thus an automo¬ 
bile industry in one area would use the 
tires produced in another but not the 
buggy whips produced in still another. 
Specific complementarity is required 
before interchange takes place. 

So important is complementarity that 
relatively low-value bulk products 
move all over the world, usually utiliz¬ 
ing, it is true, relatively cheap water 
transport for most of the haul. Some 
cheap products in the distant interior 
of continents, however, also move long 
distances. Thus, when the steel mills 
were built in Chicago, they reached 
out as far as West Virginia to get suit¬ 
able supplies of coking coal, in spite of 
the fact that the distance was more than 
five hundred miles by land transport 
and that the coal was of relatively low 
value. 

Complementarity is a function both 
of natural and cultural areal differentia¬ 
tion and of areal differentiation based 
simply on the operation of economies 
of scale (Ohlin, 1933). One large plant 
may be so much more economical than 
several smaller ones that it can afford 
to import raw materials and ship 
finished products great distances, such 
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Washington to fort ^ 

Sonth. In this case th i nity of Uie 

two regions in ofhet st spccts proviaei> 
the market and (^nemnages the 
tion. This, however, is generally insum- 
cient to affect signiBcantly total inter¬ 
action, because specialized products 
dominate the total trade of many 
regions. Thus total shipments from 
Washington to the southern states are 
low because of the dominance of forest 
products in each (Figs. 162-163). On 
the other hand, flows of animals and 
products from Iowa to the complemen¬ 
tary Industrial Belt and California are 
heavy, even though these are far away 
(Figs. 164-165). " 

An example of similarity producing 
complementarity is provided by the 
overse'as Chinese, who furnish a signif¬ 
icant market for the export handicrafts 
and other products of the mother- 
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Client from vening opportunity might ultimately 
■ ^ of the help to create interaction between dis- 
u jty of the tant complementary areas by making 
5 provides construction of intermediate transport 
ieinterac- routes profftable and thus paying part 
lly insuffj- of the cost of constructing a route to 
ftal inter- the more distant source. On a small 
products scale this occurs with logging railroads: 

)f many a line is extended bit by bit as timber 
its from nearer the mill is exhausted, whereas, 
tates are if the line had had to be constructed 
of forest over the long distance initially, it 
L63). On might never have been built. On a larg- 
nals and er and more complex scale this is what 
iplemen- happens in transcontinental railroads— 
3rnia are every eflFort is made to develop way 
Far away business, and, as this business develops, 
it contributes to some of the fixed costs 
roducing for long-distance interchange, 
by the 3. Transferability.—A final factor re- 
a signif- quired in an interaction system is trans- 
ndicrafts ferability or distance, measured in real 
mother- terms of transfer and time costs. If the 


country (Herman, 1954). The same distance between market and supply is 
occurs with Italians and other trans- too great and too costly to overcome, 
planted nationals. Perhaps we could interaction will not take place in spite 
generalize and say that similar cultures of perfect complementarity and lack of 
in diffeient natural environments tend intervening opportunity. Alternate 
to promote interchange. goods will be substituted where pos- 

2. Intervening opportunity.—Comple- sible; for instance, bricks will be used 


nientarity, however, generates inter- instead of wood. 

change between two areas only if no Thus we might consider that the fac- 
intervening source of supply is avail- tor of intervening opportunity results 
able. Thus, sixty years ago, few forest in a substitution of areas and that the 
products moved from the Pacific North- factor of transferability results in a sub- 
west to the markets of the interior siitution of products. 

Northeast, primarily because the Great It is a mistake to assume that every 
Lakes area provided an intervening place in the world is linked equally 
source. Florida attracts more amenity with every other place in the world, 
migrants Irom the Northeast than does Distance and intervening opportunity 
more instant California. It is probable ’ drastically trim the relative quantity of 
that muiiv Ic'wer people go from New such dramatic, long-distance relation- 
Haven Xe I'fnl 5delphia than would be ships, which international trade enthu- 
the case if i n re were no New York siasts like to emphasize. Great Britain 
Gity in betwr. tj. This, presumably, is a and the United States provide contrast- 
manifestatio!i f Stouffers law of inter- ing examples. To reach enough com- 
vening oppoi inity (1940), a funda- plementary sources, Britain must trade 
inental deti i :nant of spatial interac- with the world. The United States, on 

the other hand, has enough comple- 
Under cei . in circumstances inter- mentary areas within its own borders 




Fig. 162.—Destination, by states, of forest products shipped by rail from Washington, 1948. 
Width of arrows is proportionate to volume. Arrows within Washington represent intrastate 
movements. (Tons are short tons of 2,000 pounds). 



Fic. 163.—Destixiation, by states, of total commodities shipped by rail from Washington, 1948. 
Note scale of arrows is one-fifth that on Fig. 162. (Tons are short tons of 2,000 pounds.) 





























Fig. 165.~ istination, by states, of animals and products shipped by rail from Iowa, 1948. 
Source of da(;i Figs. 162 and 165 is Interstate Commerce Commission’s 1 per cent sample of 
rail traffic reported in Carload Waybill Analyses (Washington, D.C., 1948) (statements: 4838, 
October, 194H; 492, January. 1949; 498, March, 1949; 4920, June, 1949). (Tons are short tons 
of 2,000 pounds ) 






















The "Role of Transportation and the Bases for Interaction 871 


to account for the overwhelming bulk 
of its trade. Much of the remainder 
comes from Canada and the near-by 
Caribbean, although some of course 
comes from the farthest reaches of the 
world, and more will probably follow 
as the United States exhausts its own 
raw materials. 

To sum up, a system explaining ma¬ 
terial interaction can be based on three 
factors: (1) complementarity—o. func¬ 
tion of areal differentiation promoting 
spatial interaction; (2) intervening op¬ 
portunity (or intervening complemen¬ 
tarity) between two regions or places; 
and (3) transferability measured in 
real terms, including cost and time of 
transport and effect of improvement in 
facilities. 

The system proposed applies primar¬ 
ily to interaction based on physical 
movement, principally of goods but 
also to a large extent of people. It does 
not apply to spread of ideas or to most 
other types of communication, except 
as they accompany the flow of goods 
or people, which admittedly is often 
the case. Intervening opportunity, for 
example, would seem to facilitate rather 
than check the spread of ideas. Simi¬ 
larity of two regions also probably 
would facilitate the spread of ideas 
more than difference or complementar¬ 
ity, although the latter would be impor¬ 
tant in some cases. 

An empirical formula often employed 
to describe interaction is a gravity 
model which states that interaction be¬ 
tween two places is directly proportion¬ 
ate to the product of the populations 
(or some other measures of volume) 
and inversely proportionate to the dis¬ 
tance (or distance to some exponent) 
apart of the two areas. This measure is 
often written PiP 2 /d, where P is popu¬ 
lation place and d is the distance apart 
of the two places. This model, however, 
is useless in describing many interac¬ 
tions, because it assumes perfect or 
near-perfect complementarity, a condi¬ 


tion which seldom obtains for phvsical 
flows. Some form of the model (witii d 
modified by some exponent, n) appar¬ 
ently does come close to describing 
many interchanges, even for goods in a 
few cases, but apparently primarily for 
more or less universal, undifferentiated 
types of flow such as migration of some 
people or telephone calls between 
cities. It has been developed by Zipf 
(e.g., 1949), Stewart (e.g., 1947), 

Dodd (e.g., 1950), and others (Cava¬ 
naugh, 1950). 

The three-factor system of comple¬ 
mentarity, intervening opportunity, and 
distance, however, will cover, I believe, 
any case of material interaction of 
goods or people. The system should be 
kept in mind by investigators lest they 
be led astray by assigning exclusive 
weight to only one of the factors in at¬ 
tempting to explain past interaction or 
in predicting interaction under changed 
conditions. 

Traffic versus Facilities as Gen¬ 
erators of Interchange 

Examples of erroneous single-factor 
explanations are numerous. One type 
concerns the role of traffic versus that 
of facilities as promoters of inter¬ 
change, as has been noted earlier. Thus 
New York City was the largest port in 
the United States before the Erie Canal 
was built (Albion, 1939), and its size 
plus some settlement in the West made 
feasible construction of the Erie Canal, 
just as the opening of the canal had the 
effect later of drastically cutting real 
distance and enormously facilitating 
interchange and the growth of New 
York. Likewise, the great voyages of 
discovery were made in large part to 
tap the growing traffic between the 
Orient and Europe. Between these two 
centers were no significant intervening 
opportunities, although some were dis¬ 
covered as the routes were developed. 

A more detailed example is provided 
by the opening of the St. Gotthard Pass 
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jcross Hie Swiss Alps in <-!-< rhirteenth 


century (Gilliard, 1029). According to 
an earlier, ingenious interpretation by 
the German historian Aloys Schulte, in 
1900, it was the invention and construc¬ 
tion of a suspension chain bridge 
along the vertical walls of the gorges 
of Schoellenen that opened up this best 
of all passes and produced a Hood of 
traffic through Switzerland. Thus it was 
not William Tell who won independ¬ 
ence for Switzerland but an unknown 
blacksmith who built the chain bridge 
which opened Switzerland to the cur¬ 
rents of freedom from the south and 
the trade to support many people. 
Twenty-five years later careful research 
by scholars indicated that, (1) before 
the hanging bridge was built, the pre¬ 
cipitous gorge actually had been by¬ 
passed without too great difficulty via 
a longer route through Oberalp; (2) 
hanging bridges of the type noted were 
in reality common in the Alps by the 
thirteenth century; (3) the key bridge 
was not really the one credited but 
rather another farther downstream, 
which had been built of stone masonry 
by an unknown mason, requiring much 
more eflFort and capital than a mere 
suspension bridge; and, finally, and 
most important, (4) this key bridge 
and the rest of the route were not built 
until traffic was sufficient to pay for 
them! Tlie traffic was generated by in¬ 
creased activity in the complementary 
regions of Flanders and the Rhineland, 
on the one hand, and the upper Po Val¬ 
ley, on the other hand, between which 
were few intervening complementary 
sources. Thus we must conclude that 
traffic was equally, if not more, instru¬ 
mental in 1 reating the route than was 
constructioi of the route. 


Changing the Face of the Earth 

lirteenth example, are commonly thought of as 
rding to barriers to interchange, but in many 
tion by cases their barrier quality may be more 
ulte, in than compensated for by the differen- 
nstruc- tiation or complementarity which they 
bridge produce. Thus climate, in many in¬ 
gorges stances, differs on two sides of a moun- 
is best tain range; this difference may create 
)od of interchange. More directly, the moun- 
it was tains themselves may be so diEerent 
pend- as to generate interaction, as in the case 
mown of transhumance~the moving of ani- 
>ridge mals from lowland winter pastures to 
3 cur- mountain summer pastures. Even more 
1 and important in the modern world is the 
eople. production of minerals in mountains 
learch associated with folding, faulting, un- 
)efore covering of subsurface deposits by 
3 pre- stream erosion, or other occurrences, 
a by- The central Appalachians thus provide 
ty via enormous quantities of coal, producing 
; (2) the largest single commodity flow in 
were America. The Colorado Rockies, be- 
y the cause of minerals, at one time had a 
•ridge denser network of rail lines than neigh- 
l but boring plains areas, in spite of formi- 
ream, dable diflSculties of penetration. 


Potential Interaction 

An example of the second reason for 
using the system—to predict or under¬ 
stand potential interaction under 
changed conditions—is provided by 
Portland, Maine, and Canada. At the 
end of the nineteenth century Portland 
was known as the winter outlet for 
Canada because it was the nearest ice- 
free port. The Grand Trunk Railroad 
built a line down from Canada to the 
city and also extensive docks at Port¬ 
land. Canadian wheat was shipped out 
in quantity. Then Canada decided to 
keep the wheat flows within its borders 
and diverted the trade to the more dis- 


A still (IfTerent type of erroneous tant, ice-free ocean ports of St. John 
single-factor malysis concerns the role and Halifax in the Maritime Provinces 
of certain icutures of the natural en- of Canada. Portland declined. Recently 
vironment in promoting or retarding two changes have occurred. First, dur- 
interchango. Mountain ranges, for ing World War II a pipeline for gaso- 
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line was constructed from Portland to 
Montreal to save long tanker trips from 
the Caribbean and Gulf of Mexico to 
Montreal through submarine-infested 
waters and to insure a year-round sup¬ 
ply when the St. Lawrence River was 
frozen in winter. This gave Portland a 
shot in the arm and resulted in con¬ 
struction of large tank farms. 

The second change can be illustrated 
by a story. In the summer of 1950, on 
a Sunday night, I stood on the inter¬ 
national border between Derby Line, 
Vermont, and Rock Island, Quebec, 
and marveled at the constant stream of 
automobiles returning to Canada. I 
asked the customs inspector the reason, 
and he replied, ‘‘Ninety per cent of the 
cars are bound for Quebec City and are 
coming from Old Orchard Beach, 
Maine." Old Orchard Beach is near 
Portland and is the ocean beach nearest 
to parts of eastern Canada, just as Port¬ 
land is the nearest ocean port. The 
Dominion government in this case 
could hardly force tourists to drive a 
whole extra day to reach the Mari times 
(once the Canadian eeonomy had 
enough dollars). Thus (1) Portland’s 
potential complementarity reasserted 
itself; (2) no intervening opportunity 
(ocean beach) occurs between Port¬ 
land and Quebec; and (3) the distance 
is short enough so that it can be driven 
in a long week end. Presumably if the 
distance were much greater, residents 
of Quebec would confine their swim¬ 
ming to the bathtub and use sun lamps. 
Needless to say, the underlying changes 
permitting both interactions were the 
invention and development of the auto¬ 
mobile and, in conjunction with the 
tourist movement, increased leisure and 
higher standard of living, both funda¬ 
mental trends, especially in Anglo- 
America. 

A similar example, but one in the 
nature of a prediction, is the reason¬ 
able expectation by Professor Folke 
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Kristensson of the Stockholm Schoc.l of 
Economics that, as living standcirds 
rise in Sweden, Swedish diet will 
change, as the American diet has, and 
more fresh fruits and vegetables will be 
consumed the year round. This will re 
suit in increased interaction between 
Sweden and the nearest complementary 
sources—Italy, southern France, North 
Africa, etc.—just as occurred between 
the northeastern United States and 
Florida and California, today a funda¬ 
mental feature of the American inter¬ 
action pattern. 

In fact, it is difficult to conceive of 
any changes—technical, political, social, 
or economic—which do not have some 
effect on interaction patterns and con¬ 
comitantly on man’s modification of the 
earth. 

TRANSPORTATION PATTERN OF 
THE UNITED STATES 

The results of the forces noted above 
are summed up by Figure 166, which 
shows traffic flow on American and 
Canadian railroads.^ The map is based 
on prewar data but on this scale is 
essentially correct today. Only lines 
carrying more than 1,000,000 net tons 
of freight per year are shown; these 
lines represent about 90 per cent of the 
American rail traffic measured in ton- 
miles. Highways are not shown, but 
their inclusion would hardly change 
the pattern, since highways even today 
carry only about 15 per cent of the ton- 
miles as compared to the railroads’ 
more than 50 per cent, and the high¬ 
ways generally parallel the railways. 

2. This map, based on private data collected 
by H. H. Copeland and Sons, has never been 
published before. It and numerous detailed 
origin and destination maps will be included in 
a forthcoming monomph on "American Com¬ 
modity Flow and Ran Traffic.” Additional anal¬ 
ysis and maps for three states are in an article 
published in Die Erde (Ullman, 1955). Other 
maps showing facilities and more detailed 
analysis have been published (Ullman, 1949, 
1951). 
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Cross-Grain Pattern of American 

Transportation 

Note the cross-grain pattern of the 
flows in the Unite?d States and Canada 
in Figure ]66. Relief generally runs 
north-south, but traffic more generally 
moves east-west. Where possible, the 
railroads use dioric streams or gaps 
crossing some of the grain of the coun¬ 
try, such as the Columbia, New, Ka- 
nahwa, Potomac, Susquehanna, Junia¬ 
ta, and, especially, Mohawk rivers (Ull- 
man, 1951). Only the latter cuts entire¬ 
ly across the Appalachians, yet traffic 
through its gap via the New York Cen¬ 
tral, while heavy, is less than on the 
Pennsylvania or other lines which climb 
over the mountains. This cross-grain 
alignment of America is perhaps the 
major modification of the American 
earth due to transport. Transport con¬ 
nections are a more real feature of the 
geography of an area from a human- 
interaction viewpoint than is terrain. 
The inland waterways flow map (Fig. 
167), depicting less than 5 per cent of 
total United States traffic, reveals a 
pattern geared more to the grain of the 
country. Prior to the opening of the 
Erie Canal in 1825 and the railroads 
thereafter, the American Middle West 
shipped goods south via the Mississip¬ 
pi and thence via coastal ships around 
to New York and other eastern sea¬ 
board ports (Taylor, 1951). The exist¬ 
ence of this traffic spurred construction 
of the transappalachian lines and 
linked the East with the heart of Amer¬ 
ica. 

TRANSPORTATION AND THE AMERICAN 
INDUSTRIAL BELT COMPARED 
TO EUROPE 

The other major feature which 
emerges from this pattern is the focus¬ 
ing of the transport net on the Indus¬ 
trial Belt and on contiguous productive 
farm land (Fig. 168). The Industrial 
Belt, because of its marked dominance 
in America, naturally has the greatest 


volume of transportation; it also aligns 
the routes of the rest of the country, 
since it is the great market. Raw mate 
rials are shipped to it, and finislied 
products are shipped out; as a result, 
tt-affie going into the belt is two or thrt < 
times heavier than the return flows ot 
lighter-weight, higher-value finished 
products. Note this phenomenon in 
Figures 164 and 165 (p. 870), where 
Iowa receives more animals and prod¬ 
ucts from the West but ships more of 
them to the East, a standard feature 
of the United States pattern. The only 
other market area of even close inten¬ 
sity is the southern half of California, 
but it is tiny in comparison with the 
main belt (Harris, 1954). It is growing 
rapidly and affecting shipments; the 
only animals and products (mainly 
pork products) shipped west from Iowa 
in volume are, logically, to California, 
in spite of the great distance. 

The Industrial Belt in one sense rep¬ 
resents man’s major modification of the 
American earth. It has its counterpart 
in Western Europe, the other heart of 
the world, and to a lesser extent in 
Russia, with other minor areas around 
the world. The American Industrial 
Belt, like Western Europe, is strongly 
dependent on coal which is in or ad¬ 
jacent to it and which furnishes the 
chief traffic to the railroads. Iron ore 
is also accessible in both cases in the 
United States, because cheap Great 
Lakes water transport is used to bring 
it to the belt. The heavy density of 
short lines on the northwestern end of 
Lake Superior (Fig. 166) shows the 
rail haul of this ore from the Mesabi 
Range to Lake Superior for transship¬ 
ment. 

A new and vital resource which the 
Industrial Belt has in only negligible 
quantities is petroleum-natural gas, al¬ 
ready the major source of energy in the 
United States. Fortunately for the In¬ 
dustrial Belt, oil is cheaply transported 
by pipeline or tanker, and gas by pipe; 




Fig. 167.—Traffic ffow on United States inland waterways, 1949. ( Donald J. Patton from Corps 
of Engineers data and field investigations.) 



Fig. 108.—Core area of the United States and Canada. Additional data for these regions: 
Area I: 7.7 per cent U.S. area; 52 per cent U.S. income; 70 per cent of persons listed in Who 
Who. Area III: 6.9 per cenl U.S. area; 7.3 per cent U.S. income. Areas I and III combined: 14 
per cent U.S. area; 50.3 per cent U.S. population; 59 per cent U.S. income; 73.3 per cent U.S. 
industrial employment. Area II: 0.4 per cent area of Canada; 19.8 per cent population; and 33 
per cent Canadian industrial employment. Areas I and II combined percentage of U.S. and Can¬ 
ada: area 3.7; population 41.2; industrial employment 65.9. Areas I, II, and III combined per¬ 
centage of U.S. and Canada: area 6.9; population 47.7; industrial employment 70.8. 
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The Role of Transportation 

as a result, the 1,000-1,500-mile dis¬ 
tance from the southwestern fields is no 
major handicap. This movement by 
pipeline and tanker has become an 
important feature of the American traf¬ 
fic pattern. Already natural-gas lines 
cover more route miles than railroads. 
Western Europe is in a parallel situa¬ 
tion; it has little or no petroleum, but 
petroleum is available in the Middle 
East only slightly farther away than the 
American supplies are from the United 
States belt. Cheap tanker transport is 
employed, but natural gas as yet can¬ 
not be piped across conflicting political 
jurisdictions to Western Europe. This is 
a handicap; the market and supply are 
obviously both large, and the distance 
is not excessive. Will this strong com¬ 
plementarity triumph over the poor 
transferability resulting from political 
fragmentation, or will political barriers 
continue to prevent the substitution of 
the new fuel for the old? 

CONCLUSION 

The major modification of the earth 
by transport is the creation of large 
specialized agricultural and industrial 
areas, although improvement of trans¬ 
port has also created some uniformities. 
The major change has been in the 
scale of regional differentiation. 

Transport improvement alone does 
not develop the increased interaction 
so characteristic of much of the modern 
world. Rather, a three-factor system of 
complementarity, intervening opportu¬ 
nity, and transferability (or distance) 
is suggested as a basis for explaining 
material interaction. The process of in¬ 
teraction links only certain areas, often 
in a quite specialized way, and leaves 
other areas relatively untouched. Bases 
for interaction with many hitherto rel¬ 
atively untouched areas, however, are 
growing, along with depletion of re¬ 
sources near markets, use of new ones 


and the Bases for Interaction 

by a changing technology, and exten¬ 
sions and improvements in transporta¬ 
tion. 

Some results of interaction processes 
are shown in (1) the predominantly 
cross-grain alignment of the United 
States and (2) the focusing of flows 
on the Industrial Belt, a phenomenon 
repeated somewhat in Western Europe 
and to a lesser extent in other parts of 
the world. 

The study of interaction provides a 
fruitful field for investigation of the 
modification of the earth by man. It is 
evident even in the natural world 
(Whitaker, 1932), although it is the 
result of a quite different process prob¬ 
ably requiring other explanations for 
sophisticated understanding. In the 
border zone between the natural and 
cultural worlds, as in the origin and 
diffusion of domesticated plants and 
animals, interaction is a rewarding field 
for investigation (e.g., Sauer, 1952). 

In the cultural world interaction ap¬ 
pears to be a topic of growing interest 
in many disciplines, although different 
labels may be attached to it. In eco¬ 
nomics, the term “linkages" is common¬ 
ly employed (Social Science Research 
Council, 1954). In sociology, interaction 
is extensively investigated, although it 
is often defined somewhat more nar¬ 
rowly and specifically. In political sci¬ 
ence, study of interaction patterns has 
been termed “one of the two basic ways 
to describe and explain international 
politics," the other being a decision¬ 
making approach (Snyder, in Deutsch, 
1953). In history and other fields, the 
diffusion of ideas and their effects has 
been treated often and is considered by 
some to be a major unifying thesis 
(Highet, 1954). In geography and in 
understanding man’s modification of 
the earth, interaction is implicit. A goal 
of this paper has been to make it more 
explicit. 
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The Pressure of Residential- 
Industrial Land Use 

CHAUNCY D. HARRIS' 


We stand today in the midst of a gi¬ 
gantic and pervasive revolution, me 
urbanization of the world. This revolu¬ 
tion has not yet spent its full force. It is 
in a phase of rapid upswing. 

Cities are not, however, exclusively 
a modern phenomenon. The beginnings 
of life in permanent village settlements 
may have occurred in Mesopotamia 
nearly seven millenniums ago, as sug¬ 
gested by the excavations of Braid- 
wood at Jarmo (1952, p. 31). Cities 
arose soon thereafter with the develop¬ 
ment of a specialized social and eco¬ 
nomic organization, a high density of 
agricultural population, and greater se¬ 
curity. Babylon and Nineveh in Meso¬ 
potamia and Thebes and Memphis in 
Egypt became powerful centers, with 
palace, temple, and market place. Cities 
were the core of Greek civilization and 
of the Hellenistic world. The far-flung 
Roman Empire was the creation of a 
city. The population of ancient impe¬ 
rial Rome may have approached 700,- 
000, a size not again equaled in Europe 
until the nineteenth century. 

Non-European cities surpassed those 
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of Europe until quite recently. During 
the Middle Ages the cities of China far 
exceeded in population those of the 
Western world. According to unpub¬ 
lished estimates of Edward A. Kxacke, 
two-score Chinese cities probably had 
populations of more than 100,000 each 
in the later Sung dynasty (a.d. 1127- 
1279); Hangchow, the capital, is cal¬ 
culated to have contained about 900,- 
000 persons within the city wall and 
600,000 more in adjacent areas, for a 
total of 1,500,000. London, the largest 
city in England, and one of the largest 
in Europe, had only about 35,000 in¬ 
habitants a century later. Marco Polo 
found Rome and Venice small com¬ 
pared with the Chinese cities he had 
seen during the Mongol dynasty. Mexi¬ 
co City at the time of its conquest by 
Cortez may have been larger than any 
European city of the time. The great 
cities of India also doubtless out¬ 
stripped those of Europe (Crane, 1955, 
pp. 468-69). 

The proliferation of gigantic cities 
and their dominating economic role, 
however, are particularly characteris¬ 
tic of the mechanized, industrialized, 
commercialized, specialized, interde¬ 
pendent Western world—the child of 
the industrial revolution. Modern cities 
are the most stupendous of man's cul¬ 
tural artifacts. They rise high into the 
sky and sprawl over thousands of square 
miles, eflFacing visible relics of the nat¬ 
ural landscape or of agricultural land 
use. Furthermore, by the activities, in- 
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ventions, and products of cities, mans 
utilization of the earth has been utterly 
transformed. Indeed, the beginning of 
what is distinctively modern in our civi¬ 
lization is best signalized by the growth 
of great cities” (Wirth, 1938, p. 1). 

Although the amount of land current¬ 
ly nc^eded for cities represents but a 
tiny fraction of the total surface of the 
earth, the demands are mounting rapid¬ 
ly. In this paper we select for treatment 
three topics; (1) In view of the ex¬ 
panding need for agricultural and for¬ 
est products, can further encroach¬ 
ments of urban building on farm, for¬ 
est, and wild landscape be justified? 
(2) How efficient is the city in the 
utilization of resources? (3) What are 
the present and potential total urban 
land needs? 

URBAN EXPANSION AT THE EXPENSE 
OF OTHER LAND USES: GOOD OR BAD? 

Protests against the waste of good 
agricultural land by cities have been 
widely proclaimed. Many have felt that 
the natural fertility of the soil is its 
most precious resource—one that 
should not be sacrificed to demands 
merely for sites on which to place 
houses or factories. Urban buildings 
cover the soil and prevent the utiliza¬ 
tion of its direct food-producing poten¬ 
tialities. 

The French geographer Brunhes clas¬ 
sified houses and routeways as unpro¬ 
ductive use of the soil (1925, pp. 99- 
282). 

A discussant at the recent American 
Mid-Century Conference on Resources 
said: 

We should classify our lands, designating 
the lands that are most suitable for farming 
on a statewide basis, and then take meas¬ 
ures to protect that land to reserve it for 
future farm uses. There are millions of acres 
that are less desirable for farming that can 
be used for residential and industrial pur¬ 
poses. But because the farm land is usuallv 
level and has roads and utilities, it is more 


easily developed and goes first [Jarrett, 
1954, p. 32]. 

In Britain the Scott Report recom¬ 
mended that 

land which is included in one of the cate¬ 
gories of good land should not be alienated 
from its present use unless it can be clearly 
shown that it is on balance in the national 
interest [with any proposed change from 
agricultural land bearing the onus of proof]. 

. . . We strongly recommend that new satel¬ 
lite towns, housing estates, garden cities and 
suburbs be sited wherever practicable away 
from the better farm lands. ... As far as 
possible tracts of good soil in the neighbour¬ 
hood of towns and villages should be kept 
. . . and . . . allotment holders should have 
security of tenure instead of the liability of 
being displaced bv housing developments 
[Great Britain, Ministry of Works and Plan¬ 
ning, 1942, pp. 86, 72, 96]. 

The Scott Report deplores that 

sites for [urban] development have been 
chosen from the point of view of the usual 
factors aflFecting location, for instance, ac¬ 
cessibility of road and rail transport, availa¬ 
bility of public utility services and suitabil¬ 
ity of land for building purposes, and since 
the development value of a site far exceeds 
its value as agricultural land . . . there has 
been nothing to hinder the developer from 
taking his choice. It is often the best agri¬ 
cultural land . . . which is most suitable and 
least expensive from the building point of 
view. Having regard to the profits arising 
out of the sale of land for factory or housing 
development, it is hardly surprising that 
landowners and farmers . . . should have 
been unable to hold out against the pres¬ 
sures of builders [thid., p. 28]. 

We need to bear in mind, however, 
that the purpose of conserving re¬ 
sources is to promote the highest hu¬ 
man welfare in the long run. Admitted¬ 
ly, human welfare is complex and diffi¬ 
cult to measure. Yet, other things being 
equal, the higher the standard of living, 
the greater the welfare of man. But 
standard of living ultimately depends 
on the productivity of human labor. 
Man is the greatest resource of all, and 
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we need to exercise a jealous concern 
for the most appropriate utilization of 
this resource. Probably the most fla¬ 
grant waste of resources in the world 
today is the serious niral underemploy¬ 
ment associated with surplus farm pop¬ 
ulation in many lands. 

We should not overstress the value 
of preserving physical materials at the 
expense of human effort. The story is 
told of workers on an estate who spent 
much of their time sorting old nails and 
straightening them. “Laudable conser¬ 
vation of iron,” some may say, but the 
same amount of labor applied in mines, 
smelters, and nail faetories would have 
produced more and better nails and a 
much higher standard of living for 
everyone concerned. 

In assessing the relative value of al¬ 
ternative land uses, we should think in 
terms of total useful output in relation 
to total input, not merely in terms of 
physical quantities (Knight, 1935, p. 
43). We need some method of making 
benefit-cost calculations in comparing 
uses of land for agriculture or for in¬ 
dustry or for housing. Tlie price which 
various activities are able to pay for 
the land constitutes the best single 
measure of the comparative value of 
the land for the different uses, but this 
measure is imperfect and inadequate. 
It is imperfect because institutional 
factors often affect the market price. It 
is inadequate because ends not ex¬ 
pressed through the exchange relation¬ 
ship may be socially significant. For 
example, Britain may decide, wisely or 
unwisely, as a matter of public policy, 
to maintain a high degree of self-suffi¬ 
ciency in food in case of war and a 
shortage of shipping. Social costs and 
benefits affecting persons other than the 
user of the land should also come into 
the picture. The potentialities for very 
high land values are, of course, much 
greater in connection with intensive 
urban land uses than for extensive agri¬ 
cultural ones. 


S. R. Dennison points out in his dis 
sent from the Scott Report (Cre;tl 
Britain, Ministry of Works and Plan¬ 
ning, 1942, p. 118) that fertility is not 
the only quality of land which gives it 
u.sefulness. The value of even agricul¬ 
tural land is partly determined by other 
factors such as proximity to market. 
The usefulness of a piece of land may 
be much higher for industry than for 
agriculture. Just to make this clear, sup¬ 
pose the factory in question is a ferti¬ 
lizer plant, an agricultural machinery 
works, or a chemical plant producing 
insecticides. The manufactured goods 
may make possible an increase in agri¬ 
cultural production on other lands a 
thousand times as great as the crops 
that could have been grown on the 
plant site itself. Or take another case— 
the use of agricultural land for an oil 
well. The petroleum produced through 
the well, if utilized for farm power in 
tractors, may release thousands of acres 
of productive land that otherwise 
would have to be used to grow feed for 
the draft horses necessary to do the 
same work. 

The opening of the semiarid grass¬ 
lands to wlieat production, a remark¬ 
able advance in resource utilization and 
one of the major agricultural achieve¬ 
ments of all time, depended on indus¬ 
trial products: the railroad for the 
transport of grain long distances to 
market and of supplies to the farm; 
well-drilling equipment to reach deep 
sources of underground water; roller 
mills capable of crushing hard wheat; 
the steel plow to break up the tough 
sod; agricultural machinery to make 
possible extensive farming with high 
returns per farm worker notwithstand¬ 
ing the low yields per acre; cheap 
ocean transport by steamship; and the 
industrial market in Western Europe 
for commercial grain. These products 
of industrialization and urbanization 
underlay a revolutionary increase in 
food production and testify that agri- 
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cultural output does not depend sole¬ 
ly on the natural fertility of the soil. 

American agricultural production has 
been doubled in the last fifty years, not 
primarily by adding new land, but by 
a series of advances, many of which de¬ 
pended on industrialization: the ex¬ 
panding utilization of machinery in 
many farm operatic)ns, the development 
of improved insecticides and pesticides, 
the replacement of farm-produced 
horsepower by non-farm inanimate 
power, and the increased use of ferti¬ 
lizer. The role of land as a factor in 
agricultural production is declining as 
the importance of non-farm urban-pro- 
duced factors increases. Studies of land 
use should emphasize total productivity 
of agriculture and other activities, not 
merely such items as the amount of 
land occupied or the small patches lost 
by farming to other activities. 

The specter of Malthiis rises not in 
densely populated urbanized industrial¬ 
ized countries but in non-urbanized 
ones. If they are to improve the diet, 
incTcase the standard of living, and 
raise the levels of health and sanitation, 
xinderdeveloped areas need a whole 
transformation of production through 
urbanization and industrialization. 

But what about housing? Should 
good agricultural land be given up for 
housing? It may be argued that, if there 
be only a small plot of paddy land 
suitable for rice production but abun¬ 
dant adjacent upland, maximum pro¬ 
duction would be obtained by locating 
the farmhouse off the paddy field. But 
suppose that rich corn land extended 
unbroken o\’er a tract of several thou¬ 
sand square miles, as in central Illinois, 
should the farmers be forced to com¬ 
mute from outside the area in order to 
preserve all land for corn production? 
By allocating a small corner of the farm 
to a homestead, the farmer saves effort, 
which, applied to the remaining land, 
results in higher total output than if he 
spent a large part of his time traveling 


between field and home. Land for ur¬ 
ban housing, as for a farm homestead, 
is valuable for many qualities but espe¬ 
cially for its potentialities for saving 
time and effort in the journey to work. 
Accessibility is the key. The use of land 
for urban housing, by saving human 
energy, may contribute far more to the 
net of valued outputs over valued in¬ 
puts than would use of the same land 
for agriculture. 

In Britain the expansion of housing 
onto agricultural land has been widely 
publicized and legally restricted. For a 
time after World War II building li¬ 
censes for houses in certain rural areas 
of Great Britain were denied to indi¬ 
viduals who could not demonstrate a 
connection with agriculture. Yet a 
study by Vince (1952, pp. 74-76) indi¬ 
cates that in many British rural areas 
the density of population is too low to 
provide minimum social amenities. He 
therefore raises the question whether 
elements of the non-farm population 
should not be attracted to rural areas 
in order to help support amenities and 
thereby make rural life attractive 
enough to discourage further rural de¬ 
population. The argument, then, is 
really for the diversion of some agricul¬ 
tural land for residential uses in order 
to prevent erosion of the rural human 
resources. But does such land utiliza¬ 
tion for non-farm purposes diflFer in 
essence from urban residential occu- 
pance? In the Manufacturing Belt of 
the United States, especially in south¬ 
ern Michigan, industrial urban workers 
are diffused, by use of the automobile, 
throughout vast rural areas and occu¬ 
py widely separated dwellings set 
among and on farms. 

If any particular bit of urban build¬ 
ing could be sited with equal cost of 
construction and with equal conven¬ 
ience and desirability on poor as on 
good agricultural land, even a moderate 
difference in land cost should divert the 
construction to the cheaper but equally 
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suitable land. But the question is 
whether other land is really equally 
suitable for urban purposes. The arbi¬ 
trary reservation of all good land for 
agriculture could result only in a lower 
standard of living through decreased 
efficiency in the performance of urban 
functions. 

Some types of urban land use are in¬ 
credibly more intensive than agricul¬ 
tural use. For example, on a piece of 
land about equal in area to a good- 
sized farm, 200 acres, just south of 
Times Square in New York City, 150,- 
000 workers are engaged in the 
women’s clothing industry. The popu¬ 
lation supported by work in this tract 
is about the same size as the rural farm 
population of the entire state of Kansas. 

Perhaps we should recall at this 
point that man’s material prosperity 
has always been associated with alter¬ 
ing the landscape. The return of the 
land to a wild or natural landscape, if 
that were possible, would deny to man 
the material foundation on which ad¬ 
vanced cultures can be built and thus 
would condemn him to an uncivilized 
existence. Cities transform the land¬ 
scape more drastically than other types 
of land use, but they also have greater 
potentialities for maximizing the pro¬ 
ductivity of the human resource. 

KFFICIENCY OF CITIES IN THE UTILI¬ 
ZATION OF RESOURCES: THE ECO¬ 
NOMIC BASIS FOR URBANIZATION 

The city is the most efficient instru¬ 
ment yet devised by man for utilizing 
resources in most types of production, 
distribution, and consumption. The 
most eloquent testimonial to its effec¬ 
tiveness is its very growth. As Florence 
points out (1955, p. 88), “On the as¬ 
sumption of the survival of the fittest, 
their prevalence constitutes a prima 
facie case for the economic advantages 
of a metropolis and metropolitan 
cities.” Florence outlines the major eco¬ 
nomic efficiencies of cities; efficiency 


in production is favored by low c ( : i rA 
assembly, low cost of distribution, rro’ 
omies of scale through large plants or 
massing of small plants, and econonn«‘s 
of combining the factors of production, 
three of which—labor, capital, and man 
agement—are more easily secured in 
urban concentrations. Efficiency in the 
urban pattern of income is indicated 
by stabilization of income through al¬ 
ternative opportunities for employment, 
by increasing income pcT head, and by 
greater equalities in income. The key 
factors as noted by Harold M. Mayer 
(commemt in R. M. F'isher, 1955, p. 
150) are accessibility through tlie 
focusing of transport on cities and vari¬ 
ety through the massing of resources 
and facilities. The metropolis, in its 
variety, affords a wider selection of 
economic opportunities to the individ¬ 
ual than any other form of human 
settlement; an individual has his choice 
of many types of work without chang¬ 
ing his residence or of many types of 
housing without changing his job 
(Mayer, 1955, pp. 215-16). The em¬ 
ployer similarly has a wide choice and 
can expand, contract, or alter his activi¬ 
ties with maximum flexibility. Such 
flexibility facilitates more productive 
use of human and other resources. The 
city is also a center of intellectual con¬ 
tacts stimulating cross-fertilization of 
ideas, recognition of opportunities, and 
facilities for research—all conducive to 
progress in increasing future productiv¬ 
ity. 

Edgar M. Hoover (in Greer, 1942, 
pp. 1-5) predicts that the course of 
technology and social organization will 
more and more favor large metropolitan 
centers. Among the developments he 
foresees are improved long-distance 
transportation, reduction of the urban 
and rural industrial wage differentials, 
search for security and diversity of 
metropolitan employment, construction 
of large plants to utilize existing metro¬ 
politan facilities, services, and labor 
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supply, aiul the ciiiniilafive effect of 
metropo]ihin growth. Paul Samiielson 
(t/Mrl, pp. 6-17) notes that rising pros¬ 
perity results in ever higher proportions 
of total income being spent on prod¬ 
ucts of cities riith('r than of farms. He 
further asserts not only that unemploy¬ 
ment is greater in rural areas than in 
cities (though often disguised) but that 
during depressions the per capita in¬ 
come falls more sharply in rural areas 
than in urban ones. 

URBAN I.AND NEEDS: HOW MUCH? 

The total urban requirement for 
space is a function of two major vari¬ 
ables: (1) total urban population and 
(2) urban density of population, that 
is, the intensity with which space is 
utilized for residential, industrial, and 
similar uses. 


the l<ace of the Earth 

world population living in such cities 
rose from 2 per cent to 13 per cent. In 
the United States in this same period 
the total urban population increased 
from 0.3 to 96.5 million, and the pro¬ 
portion from 6 to 64 per cent. 

In most industrialized or commer¬ 
cialized countries more than half the 
population lives in cities, whether in 
industrial states, such as Britain or Ger¬ 
many; countries with balanced econo¬ 
mies, such as France; new countries 
with commercial agriculture, such as 
Australia, New Zealand, Cuba, or Ar¬ 
gentina; or oriental countries with new 
industrialization, such as Japan. The 
world-wide distribution of large cities 
and the high proportion of the total 
population living in them are phenom¬ 
ena of modern industrial society. Many 
countries are on the threshold of urban¬ 


ization, and a powerful further upsurge 
Urban Population of population in cities may be confi- 

The number of city dwellers depends dently predicted, 
in part on the total population. The 

number of people in the world has mul- Density of Population within Cities 
tipli(Kl by ten times in the last two The national average density of pop- 
thousand years. It took about seventeen ulation within urban areas is of the 
centuries of this period for the popula- same order of magnitude for such di- 
tion to double. Then with the great verse lands as the United States, Japan, 
population explosion of European over- England and Wales, and Germany— 
seas expan.sion and the industrial revo- about 5,500 persons per square mile, 
lution the population multiplied by According to the 1950 United States 
another five times in only three cen- census, the average density of popula- 

tion for the 157 metropolitan urbanized 
With the population explosion came areas was 5,438 per square mile, 
rapid urbanization; cities have mush- Figures from the 1940 Japanese census 
roomed particularly in the last century for the 208 larger Japanese cities (shi) 
and a half. In 1800 only London ap- in boundaries as of 1943 indicated an 
proached a million population. Today average density of 5,500 persons per 
eighty-two cities, nearly equally di- square mile. Long-urbanized England 
vided among Europe, Asia, and the and Wales on the eve of World War II 
Americas, have more than a million in- had 41 million people occupying some 
habitants each. In the last one hundred 4.1 million acres for urban, residential, 
and fifty years the number of people and industrial purposes, at an average 
living in cities of more than 100,000 density of about 6,400 persons per 
population has multiplied by more than square mile (Great Britain, Ministry 
twenty times—from 15.6 million in 1800 of Works and Planning, 1942, p. 2). 
to 313.7 million in 1950 (Davis, 1955, The 1951 census of the German Federal 
pp. 433-34). The proportion of the Republic recorded an average density 
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of population in all cities (Stadtkreise) 
of 4,988 persons per square mile in 
spite of heavy World War II destruc¬ 
tion. There are differences in the cover¬ 
age of the figures, of course, since the 
German and Japanese data are based 
entirely on political boundaries and 
those for the United States and for 
England and Wales include built-up 
areas outside the major cities. These 
differences are more in form than in 
substance. The particular American 
census invention of measuring the 
built-up urbanized area outside city 
limits was called for by the widespread 
disparity between political units and 
functional units—a disparity that docs 
not particularly characterize Japanese 
and German cities. In any case the 
near-uniformity of the average urban 
density figures in four different indus¬ 
trial countries in two major culture 
areas appears quite significant. We 
shall return to this figure later, but first 
we need to note that it is merely an av¬ 
erage and masks a wide range of varia¬ 
tions among cities, within any given 
city, and in time. 

Urban densities vary among the cities 
within each country, depending on size 
of city and other factors. In the United 
States urban densities reach as high, 
for example, as 25,000 persons per 
square mile. The world's largest cities, 
however, whether American, European, 
or Asiatic, have similar densities; these 
densities for giant cities are about five 
times as high as national average urban 
densities. Within the city limits. New 
York City had a density of 25,000 per¬ 
sons per square mile in 1950; Paris, 
27,000 in 1936; London, 28,600 in 1951 
(county of London); and Tokyo, 30,- 
000 in 1940. 

City averages mask wide variations 
within each urban area. In Chicago in 
1950 the community area with the high¬ 
est density ran four times as high as 
for the city as a whole, and two small 
census tracts ran over 100,000 per 
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square mile, or seven times as hig^ in 
London in 1951 the highest density i 
a metropolitan borough (Paddington 
was about twice as high, and in a tiin' 
area, three times as high, as for tla' 
county of London as a whole. In Tok\ r, 
maximum densities run up to 240,000 
per square mile, or eight times as high 
as the city average (Kiuchi, 1951, p. 
355). 

London is a good example of declin¬ 
ing densities. World War II sharply 
accelerated the trend. Thus in 1921 the 
ward of Northeast St. George in East 
Stepney Mc'tropolitan Borough had a 
density of 180,000 persons per square 
mile; by 1931 it had declined to 150,- 
000. As a result of damage during 
World War II in all the densely popu¬ 
lated London wards, none had a den¬ 
sity of more than 90,000 in 1951. The 
county of London reached its maximum 
density of population in 1901 (39,000 
per square mile) and has been declin¬ 
ing since. Thcj City of London, the an¬ 
cient core of the metropolis, has had a 
declining density for a century and a 
half from the time of the first national 
census in 1801. Erom 120,000 persons 
per square mile in 1801, the figure fell 
to 4,000 in 1951. From 1801 to 1851 the 
decline was spotty and slight, but since 
1851 the density of population has 
dropped steeply each decade. 

If the suburban trend persists, as is 
almost certain, the residential require- 
nu'iits per capita may sharply increase. 
Factors leading to suburbanization are 
many, but perhaps the most important 
are the desire for more (or cheaper) 
space and for lower expenses generally. 
These lower expenses are usually accom¬ 
panied, of course, by lesser governmen¬ 
tal services, whether of roads, water, 
sewage, police, libraries, schools, or fire 
protection. The density of population 
declines sharply outward from the city 
to the suburbs. Throop (1948, p. 87) 
found in Portland, Oregon, that the 
density of dwelling units in the inner 



suburban zone, 
as in the city proper 
suburban fringe only 
hi^h. 

Urban densities are affected by tech¬ 
nology in many ways. Perhaps the most 
obvious is by transportation. As long as 
people had to walk, they were forced to 
live at high residential densities within a 
few miles of places of work. With the 
coming of horse-drawn vehicles, rail¬ 
roads, streetcars, bicycles, private cars, 
and blisses, the ability of people to re¬ 
move themselves ever farther from 
places of work has been augmented. 
The result has been a growth in the 
demand for low-density residential 
land as individuals are willing to travel 
farther in order to obtain more living 
space?. The transport potentialities of 
the automobile make possible new lines 
of residential development with greater 
flexibility in location and also greater 
demand for space. The telephone and 
other means of rapid communication 
also make possible a wider range of 
choices among locations. 

Perhaps we should consider not what 
average urban densities are but what 
desirable urban densities ought to be. 
But we simply do not know what densi¬ 
ties are most efficient or desirable. De¬ 
sirable densities may very well differ 
sharply according to types of culture, 
economic status, and family structure. 
Oriental and occidental ways of life 
might make for contrasts in optimum 
densities. I aixiiry flats for wealthy fami¬ 
lies who go elsewhere for recreation 
pose quite difFi'rent problems from low- 
cost housing for economically disad¬ 
vantaged groups who must find recrea¬ 
tion on the sit('. Desirable densities for 
unmarried singlt? workers, for married 
families with )'f)ung children, or for re¬ 
tired couples arc not necessarily the 
same. 

Such meager studies as exist indicate 
that either undue dispersion or exces¬ 
sive concentration results in higher 


light, open air, open play space, ade¬ 
quate parking facilities, and privacy 
and the presence of noise, dirt, smoke, 
and traffic hazards and congestion. Low 
densities in the sprawling fringes are 
excessively expensive to service. High 
public costs are particularly involved 
in premature subdivisions with thou¬ 
sands of unused lots wholly or partially 
served with urban facilities. 

Ludlow (1953, pp. 120-98) has 
pointed out that further investigations 
are needed of at least three different 
aspects of urban efficiency: 

1. The cost of construction and oper¬ 
ation of building types at alternative 
densities.—The costs of building do not 
appear to differ greatly in various t ype s 
of construction, whether of private 
houses, row houses, two-flats, walk-up 
apartments, or elevator apartments. 
Land cost is the critical element in the 
determination of the types of buildings 
and therefore of density of population. 

2. The cost of providing public serv¬ 
ices at various densities.—Account 
needs to be taken of the cost of streets, 
parks and playgrounds, schools, fire and 
police protection, sanitation and refuse 
disposal, transportation facilities, and 
water, sewage, electricity, gas, and tele¬ 
phone service. 

3. Total cost of transportation at var¬ 
ious densities, both capital and opera¬ 
tion cost of movement of goods and of 
people.—The concept of movement in¬ 
cludes raw materials for and products 
of factories, goods and customers for 
commercial enterprises, workers for all 
types, journeys to schools for children, 
and recreation for the entire family. 
Fatigue and peak-load characteristics 
of commuting are also considerations. 
The terminal costs, whether of loading 
platforms for trucks or of parking facili¬ 
ties for private passenger cars, need to 
be taken into account. 

These cost factors need to be offset 
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by the quality of the various densities 
with respect to light, ventilation, family 
privacy, and space for outdoor recrea¬ 
tion. But, since most redevelopment 
schemes or planned housing projects 
are in large cities, they are built for 
densities much above the national ur¬ 
ban averages. 

Total Urban Land Requirements 

Data on the land actually occupied 
by cities are available for the United 
States. The core of the problem of 
urban expansion in this country is in 
the metropolitan diflFiisions—the 157 
metropolitan complexes which include 
cities of more than 50,000 population 
and the adjacent urbanized areas. 
These areas contained in 1950 about 70 
million people, almost half the total 
population of the country. They occu¬ 
pied an area of 12,733 square miles 
(about 8 million acres), or less than 
one-half of 1 per cent of the land sur¬ 
face of the United States. If the entire 
population of the United States were 
clustered in such urban agglomerations 
at comparable densities, the total land 
requirement for residential, industrial, 
and similar land uses would be less 
than 30,000 square miles, or under 1 
per cent of the land surface of the 
country. 

No comprehensive world-wide data 
are available on the total land surface 
actually occupied for residential and 
industrial purposes or of the total land 
within cities at the present time. But, if 
all the people in the world lived in 
cities at an urban density of 5,500 per¬ 
sons per square mile, the 2.5 billion 
people would occupy only about 450,- 
000 square miles, or less than 1 per 
cent of the land surface of the globe. 

Supposing that the population of the 
world were to multiply by another five 
times (as it has in the last three cen¬ 
turies), the total population could still 
be housed on less than 5 per cent of 
the land surface of the globe. If such 


an increased population were to ag¬ 
glomerate at den.sities characteristic of 
the large cities, however, the popula¬ 
tion could still be crowded into only 1 
per cent of the land surface. With tech¬ 
nological advances, such as the ante 
mobile, individuals are able to escape 
from extreme crowding and flee to sub¬ 
urban areas; such a flight increases the 
urban land needs per capita. What thc^ 
trends of land-use density under orien¬ 
tal conditions will be is not now clear. 

Since the current total residential, in¬ 
dustrial, and other urban land needs 
of mankind amount to only a fraction 
of 1 per cent of the land surface, it is 
obvious that neither the present nor 
potential total land pressures of urban 
agglomerations are critical. Special 
problems, however, may arise in con¬ 
nection with (1) the type of urban ex¬ 
pansion into rural areas and (2) the 
pressure of urban land use in certain 
areas of high urbanization and sharp¬ 
ly limited agricultural land, such as 
Japan, Britain, and California. 

Urban land use suffers many types of 
maladies. One of the compelling prob¬ 
lems is blight. Such areas typically have 
high tax delinquency; they impair tax¬ 
able values in adjacent areas and re¬ 
quire high costs of police, fire, and 
health protection. They are an econom¬ 
ic drain on the rest of the city. Another 
problem is premature subdivision and 
overexpansion (Wehrwein, 1942, p. 
223). A third problem concerns urban 
fringes. Suburban invasion of good 
farm land may result in breaking up 
good farming units and raising taxes 
for roads and other services to such an 
extent as to make farming unprofitable; 
at the same time the density of sub¬ 
urban infiltration may be too low to 
support the streets, sidewalks, water 
and sewage service, and other urban 
facilities demanded by the suburban 
dwellers. More attention may need to 
be devoted to the problems of zoning 
metropolitan areas to encourage a more 



390 Mans Role in ChangitH 

orderly and economical trarefer of Jan 
from agricu/tural in rc.srdcnf raJ use. 

The tbreut to local :tgricuhunil pre 
duction in Japiui and Bntnin is iiiai 
cated hy the figure that in Japan the 
area within city lynnuduries equals a 
fifth of the totid cultivated land and by 
the statement of Si.imp (1948, p. 437) 
that the nerd lor additional urban land 
in Britain exceeds tlie total amount of 
first-class agn'cnltijral land in the' entire 
country. 

ENVOI 

The role of cities as centers of cnl- 


the Face of the Earth 

through improved means of communi¬ 
cation and transportation; many rural 
folk arc becoming urbanized ''in place/’ 
Urban-centered markets in industrial 
countries are the centers of organiza¬ 
tion for much of the world s economy. 
The rational, interdependent, market 
economy which underlies Western eco¬ 
nomic development stands in contrast 
to the tradition-bound subsistence 
peasant way of life. To a certain extent 
man loses contact with nature; his sense 
oi close affinity with the earth as his 
home is numbed. He becomes social¬ 
conscious instead of nature-conscious. 


tural and economic change transcends 
their role in space competition with 
agriculture (Ilosclitz, 1953, 1955). In¬ 
dustrialization and urbanization aug¬ 
ment the power lever of man; his puny 
physical arm is extended a hundred 
fold in its ability to transform the sur¬ 
face of the eartli. 11 le tools by which 
he cuts off the great forests, churns up 
the soil, or gouges minerals out of tlie 
rocks are urban-produced. 

Possibily more important than the 
artifacts of the city itself are urban- 
engendered attitude's. The urban way 
of life is penetrating rural areas 


Should cities be blamed or praised 
for making possible the high standards 
of living of industrial society? These 
standards make voracious demands on 
natural resources. They sustain the 
market for the tens of millions of tons 
of iron ore that flow into blast furnaces 
and thence into new automobiles, for 
the incredible quantities of forest trees 
that go into newsprint, and for the 
many metals that go into television sets. 
Furthermore, urbanization occasions 
greater pressures on agricultural re¬ 
sources by the improvement of diets in 
industrialized countiies. 
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ARTUR GLIKSON’ 


ORIGINS OF THE RECREATIONAL 
MOVEMENT 

A general survey of the origins of the 
problem of recreational land use reveals 
the following relevant stages of develop¬ 
ment of many industrialized countries 
during the last century or so: 

1. Large numbers of peasants and 
peasants’ sons gave up their ancient re¬ 
lationship to the soil and village, leaving 
their rural environment to concentrate 
in towns and seek employment in indus¬ 
tries and services. Overnight, small 
urban or rural settlements grew enor¬ 
mously, both in area and in density of 
habitations, so that huge tracts of the 
surrounding landscape underwent ur¬ 
banization, This expansion of urban 
political and economic power into the 
countryside a; id urban methods of pro¬ 
duction and commerce led first to a 
growing economic utilization of rural 
resources and later to a gradual deteri¬ 
oration of the rur^il and indigenous 
landscape by deforestation, mechaniza¬ 
tion of agriculture, parcellation, intro¬ 
duction of monocultures, faulty meth¬ 
ods of cultivation, mining, and construc¬ 
tion of industrial and power plants. Soil 
erosion, disturbance of the water cycles, 
and loss of fertility and of beauty of 


• Mr. Glikst)n is an architect, (lead of the 
Planning Depiirtment of the Housing Division, 
Ministry of Labor of Israel, and Senior (Guest) 
Lecturer on National and Regional Planning at 
the Israel Institute of Technology in Haifa. His 
works include: Report on Regional Planning 
and Development in the Netherlands, 1951, and 
Regional Planning and Development, 1955. 


landscape are among the well-known 
symptoms of a man-made land disease. 

2. The still increasing urban popula¬ 
tion, compressed in quarters where un¬ 
healthy conditions prevailed, remote 
from the open country, began to sense 
what it had lost and raised a demand 
for temporary environmental compen¬ 
sation. The rural and indigenous en¬ 
vironment became for the urbanite a 
recreational environment. The peasant 
sons still wished to return to the coun¬ 
try for a holiday. Gradually the need 
for recreational facilities to maintain 
the health and efficiency of the urban 
population became recognized. How¬ 
ever, during the period of urban expan¬ 
sion the original cultural landscape had 
been largely defaced and turned into 
the “steppe of culture”—as the Dutch 
call the new rural pattern. Only isolated 
parts—often spots of economic decay- 
had kept their original rural character. 

3. Pressure of vacationers on the re¬ 
maining rural and indigenous places 
and on newly established resorts be¬ 
came violent. This very pressure de¬ 
stroyed these places as true resources 
for restful recreation. In the attempt to 
escape overcrowding and noise and to 
rediscover landscape, holiday-makers 
were driven ever farther away from the 
cities. Gradually, social and medical de¬ 
mands for recreational areas for the in¬ 
habitants of big cities became incom¬ 
patible with the physical limitations of, 
or distance to, recreational land. The 
recreational movement of the popula¬ 
tion was hampered, and, as the crisis 
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became obvious, there originated the 
problem of recreational land use. 

The recreational movement should 
be considered as belonging to the wider 
contemporary phenomenon of popula¬ 
tion movement to and from the big cen¬ 
ters—of spatial contraction and expan¬ 
sion of resources and commodities, of 
people and ideas. The most obvious and 
well known of these phenomena is the 
tremendous concentration of population 
and produce from the most distant 
regions in metropolitan and other big- 
city centers. In the dynamics of city life 
the demand for recreation represents a 
reaction against the psychophysical 
complexity of life introduced by central¬ 
ization and industrialization and re¬ 
veals a tendency to reverse the pre.- 
vailing spatial relations. It is an attempt 
to balance the centripetal concentration 
by centrifugal diffusion—by a temporary 
escape back to the places of natural and 
historic origin of the people: to the in¬ 
digenous and rural landscape, the ham¬ 
let, the little town bypassed by modem 
development—in the hope of restoring, 
of ''recreating,” health, energy, and 
mental equilibrium. 

We have little evidence of specifically 
recreational land use and facilities for 
preindustrial periods, because they rep¬ 
resented a wholly integrated and there¬ 
fore unrecognizable ingredient of en¬ 
vironment. Private gardens and or¬ 
chards, large public squares, the well, 
the streets, and the near-by surrounding 
rural landscape, all in the context of but 
moderate housing density generally, 
provided for the recreational needs of 
the medieval citizen. In ancient health 
resorts, such as Bath in England, Ti¬ 
berias in Israel, and Epidaurus in 
Argolis, people were not directly seek¬ 
ing relaxation and change but rather 
the healing qualities of air, water, and 
places. In comparison with our century, 
any recreational movement of former 
times was composed of a mere trickle of 
population, “confined to well-to-do folk 


and beset with difficulties of comnu . 
cation” (Abercrombie and Matthrv 
1949, p. 141). 

The appearance of a demand for rec 
reation is evidence of the loss of en¬ 
vironmental integrity. When residences 

{ become mass dwelling machines and 
actories become poisoned prisons, the 
“natural life” becomes an ideal. The 
ugliness of the places we pass through 
during daily life stimulates a yearning 
for purified beauty during a period of 
rest. “Natural” and “beautiful” become 
notions attaching to a part-time recrea¬ 
tional existence. To compensate for 
these irritations, a new specialized func¬ 
tion becomes a social need of city life 
and therefore the destiny of special ex¬ 
tra-urban areas of forests, riverbanks, 
mountains, beaches, memorable places, 
as well as resorts: recreation, promising 
all pleasure, play, and adventure in a 
concentrated spatial and temporal dos- 
age. 

Recreation is not, however, confined 
to outdoor holiday-making, though this 
is at present its most conspicuous part. 
To understand recreational needs, let us 
for a moment consider recreation as a 
biological need, an ingredient of the 
rhythm of life: effort—relaxation, toil- 
leisure, routine—adventure. It has its 
place, then, in the life-maintaining 
functions in the same way as exhaling 
is necessaiy to the physical mainte¬ 
nance of life at any moment. The most 
important means to achieve recreation 
in this sense is considered to be a 
change of environment—we are inclined 
to say any change, the more radical the 
better. Whereas townsmen migrate to 
the open country and to the seaside, the 
farmer looks for recreation in the city. 
As a counterbalance to the daily way of 
life, people may search for recreation 
either in solitude or in crowded centers 
of amusement, either in closed space or 
in open squares. Because of this variety 
of individual demand for recreation, we 
include in any enumeration of recrea- 
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tional facilities establishments as 
ferent as a coffce-bouse and a park, a 
swimming pool and a historical site, a 
pleasure garden and a whole river sys¬ 
tem with its fishing and boating facili¬ 
ties, a holiday r(\sort and a wildlife res¬ 
ervation. 

The motives driving man to search 
for recreation in change of environment 
have not been sufficiently clarified. In 
many cases it is possible to explain rec¬ 
reation as an attempt to return to lost 
environmental values and ways of life. 
Among the most desired targets of such 
recreational return is the primitive life 
of hunting and berry-gathering—primi¬ 
tive in food, shelter, clothing, habitat— 
whereas people may content themselves 
also with rediscovering the indigenous 
environment in solitude. 

It is also possible to assume that there 
exists in man a biological urge to em¬ 
ploy his ability to change his environ¬ 
ment. This ability, characterizing ani¬ 
mal life generally, is oven more the 
achievement of man, who can adapt 
himself artificially to varying environ¬ 
ments; it is especially exhibited by ur¬ 
ban man. But he has often little chance 
to exercise that ability in the daily run 
of life. The trend to move about re- 
a])pears, then, as a recreational need. 
For we find recreation in just what we 
had to forego in daily life. To come in 
touch with different types of environ¬ 
ment belongs probably in the same cate¬ 
gory of desires as the physical demand 
for a variegated nutrition and the psy¬ 
chic demand for variegated social con¬ 
tacts. 

It might be possible to see a parallel 
between the motives behind recreation¬ 
al mobility and those behind nomadism. 
With the pastoral nomad, it is the low 
grade of fertility and carrying capacity 
reached by land after a period of pas¬ 
turing which compels him to travm in 
search of unexploited regions. Similarly, 
a modern urbanite could be considered 
to be “undernourished’* in respect to 


environment. The recreational move¬ 
ment, therefore, is a proof of the inter- 
relation between man and his physical 
environment. We detect the importance 
of environmental variety as a resource 
of human life because we miss it, espe¬ 
cially in our time characterized by the 
low quality of our artificial urban envi¬ 
ronment. 

The need for recreation varies with 
the individual; it obviously depends on 
personal versatility as well as on the 
quality of his daily environment. To 
consider recreation as a human need in 
past, present, and future, we shall have 
to make a clear distinction between the 
normal demands for change of environ¬ 
ment on the part of members of healthy 
communities and the abnormal recrea¬ 
tional insatiability of modern men living 
compressed in cities which are not 
planned to the human scale and which 
time and again compel attempts to 
escape. 

THE RECREATIONAL CRISIS 

Tjond Requirements of Recreation 

Recreation by change of environment 
is a need felt in all the temporal frame¬ 
works of life: times during the day, the 
day itself, the week, the yearly seasons, 
and lifetimes. Though individual varia¬ 
tions are huge, the life of man may be 
considered to be intersected by periods 
of recreation (or the desire for such 
periods) which help to revitalize the 
cycle of life, to maintain its rhythm by 
confronting man with change—different 
environment and food, association with 
different people or substantial isolation 
from society, different occupation, and 
a different feeling of progress of time. 

In our civilization each of these types 
of time periods can be related in a gen¬ 
eral way to types of spatial frameworks 
which provide for the needed recreation 
of man: the family house, which has to 
serve recreational needs during parts 
of the day; the public gardens, squares, 
playgrounds, amusement and cultural 
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centers, which provide for the daily and generally assumed. In an average !>! ( 
some of the weekly recreational needs; pt'an home planned for a family of fc.a 
the city surroundings—with tlii'ir parks, to five persons (about 85 s((uar« 

forests, rivers—where recreation will be ineh'rs) at least a third of the built-ii]) 

sought by many on week ends; and the area may be considered to sia ve indoru 

region in which one’s city is situated, recTcation during parts of the day: ki 

in which it should be possible to stroll sure within the family carcle after a day 
about during different seasons of tlu' of work, play, or solitude in reading, 
year. Obviously, this series of time-space writing, or meditating. During parts of 
correlations with types of recreation can the year reert'ation will also be pursued 
be further elaborated; for example, the on additional private areas, such as ter- 



Fig. 169.—Recreational use of house and garden. The recreational prohlcm generally has to be 
approached first by providing in the liouse the necessary recreational space for the individual and 
family. 


"migratory periods” of youths and races, courtyards, or directly accessible 
adults, striving to escape any environ- gardens, which in numerous quarters 
mental frame or to turn the whole of take up 40-50 per cent of the total land 
the earth into their recreational frame- requirement of the neighborhood (Fig. 
work. 169). 

In town and country considerable Calculating the land areas needed 
tracts of land have already been reserved per family, according to Briti.sh stand- 
exclusively for recreational purposes, ards, for public parks, squares, playing 
and ever more are being demanded, fields, and cultural and amusement cen- 
For certain countries the amount of ters, we again meet the proportion of 
space needed per person for recreation approximately one-third (aTbout 110 
can be calculated on an empirical basis, square meters) of the total land re- 
These amounts are much larger than is quirement of a neighborhood (Aber 
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crombia, 1945, p. 114). The importance 
of such areas lor physical health has 
often been emphasized. They are also 
socially essential; besides the bonds 
formed in an urban society by work and 
trading, tliese urban recreational areas 
are the places where community bonds 
are formed during leisure time. But in 
the space allotted to recreation it must 


United States, Austria, Holland, and 
Israel, we would say that the similarities 
in the different countries are more strik¬ 
ing than the differences. The amount of 
urban land needed per inhabitant is 
tending to become uniform throughout 
the world, and it is possible to assume 
that equality of recreational needs, 
wherever these needs are recognized, is 



Fig. 170,—Recreational land-use planning in a neighborhood, Giv’at Olga, coastal area of Israel. 
Recreational areas of a neighborhood should constitute an integrated system of lanes and parks, 
situated so as to confront the urban inhabitant during the different functions of daily life. Green 
areas should contain segregated pathways as well as meeting grounds and through-lanes. 


be possible as well to find spots for soli¬ 
tude and rest. 

Summing up, the land required for 
such a recreational program within a 
well-planned neighborhood amounts to 
more than 70 per cent of its total area. 
In comparison, the land needs for the 
“utilitarian” functions of working, shop- 
ping, circulating, h^iene, education, 
etc., are very small. Tliough this figure 
varies for countries such as England, the 


the most important factor making for 
the uniformity (Fig. 170). 

No attempt has been made to meas¬ 
ure the land requirement of modem 
townsmen for recreation on week ends 
or during monthly or yearly holidays. 
The larger the scale, the more intricate 
the calculation becomes. Such measure¬ 
ment would depend strongly, for exam¬ 
ple, on local climatic conditions, which 
might “compress” the yearly holiday 
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period into a very few we<‘ks of ex¬ 
pected reasonable weather; on topo¬ 
graphical and geographical conditions; 
on movability of urban population; on 
means of tiansportation; and on local 
custom. 

The existence of great recreational 
pressure on land surrounding the metro¬ 
politan concentrations of population is 
well known, but no standards of land 
needs have been established. A hint 
comes from the Netherlands. In this 
densely populated and most intensively 
used land, natural areas amount to only 
0.056 hectare per inhabitant (Buskens, 
1951). That the Dutch complain of a 
definite lack of areas for week-emd and 
holiday recreation within their country 
is an indication that the amount of 
recreational land has b(^come insuffi¬ 
cient for the needs of the population. 
In the United States the area of na¬ 
tional parks, state parks, and national 
forests amounts to 0.6 hectare per in¬ 
habitant (American Society of Land¬ 
scape Architects, 1954). And even that 
amount is, in the opinion of many 
American conservationists and land¬ 
scape architects, wholly inadequate. 

But are such figures of any real help 
in the calculation of regional needs? 
The safest assumption seems to be that 
the amount of land needed is very 
large. Surveys of demand vis-4-vis avail¬ 
ability indicate that the need is still 
rising sharply. The present tendency 
seems to be toward a rapid increase 
in leisure hours and toward extending 
facilities and recreational areas accord¬ 
ingly. With the increase in population 
and the still growing congestion of 
cities, it seems that each new urban 
generation exhibits a stronger urge for 
recreation. On the other hand, motor¬ 
ization and construction of roads and 
airfields are making ever larger parts 
of the continents accessible for vaca¬ 
tioners. To comply under these con¬ 
ditions with the theoretical needs for 
recreational facilities, huge districts—in- 


deed, the whole of the regions sui \ . 1. 

ing large cities or even whole count 
of high-population density—would 
to be turned into recreational areas. 

We may conclude that it has beconu^ 
impossible to provide sufficient land in 
the vicinity of most centers of popu 
lation to serve exclusively for week¬ 
enders and holidayers. At the same 
time there is no way of suppressing the 
recreational movement into the coun¬ 
tryside. Evidently, therefore, the quan¬ 
titative aspect of the question of recre¬ 
ational land use on a regional scale 
cannot be seriously considered before 
going more deeply into its qualitative 
aspects: the motives for, and the means 
of, pressure of urban population on 
extra-urban land for recreation. 

Recreational Pressures 

The provision of recreational space 
in the house, the town, the region, and 
the country is essential for the harmo¬ 
nious conduct of urban life; it leads 
to a proper dimension of cells in which 
individual, family, and social life can 
take place, but it leads also to the se¬ 
curing of organic relations and harmo¬ 
nious transitions among these different 
levels of human association—the cre¬ 
ation of a spatial rhythm of life. The 
daily, weekly, and yearly frameworks 
of recreation indeed exist in the strong¬ 
est dependence on one another. Only 
if all of them can be provided for can 
the rhythm of individual and social life 
be satisfactorily maintained. The lack 
or ineflBciency of one of them creates 
a direct pressure on the other. A slum 
is characterized not only by lack of 
space and obsoleteness of flats or houses 
but also by hordes of children and 
adults escaping their dwellings and fill¬ 
ing streets, courtyards, and gardens 
whenever the weather permits. Since 
they do not meet in properly dimen¬ 
sioned squares or gardens but, instead, 
are compressed in narrow streets or 
vards, the nearness of oru‘ to anotla/r 
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stimulates friction, quarrels, and hate 
among the fellow-suffei ers~proof of the 
fact that man, even urban man, needs 
a certain quantity of land under his 
feet. 

A slum quartc*r, therefore, requires 
larger public gardens and squares, 
more public facilities of all kinds, than 
a healthy quarter; but, of course, every 
administrator and planner rightly pre¬ 
fers to invest money in the demolition 
of slum quarters and in their replace¬ 
ment with better houses rather than in 
the consolidation of slums by the estab¬ 
lishment of public facilities. We know 
today that town planning depends on 
and begins with the planning of the 
basic cells of community life—the dwell¬ 
ings. 

In many cases, however, town plan¬ 
ning also ends with provision for houses 
and minimal amenities within a street 
or neighborhood. The towns of our cen¬ 
tury have inherited an immeasurable 
volume of incompatibilities—social, aes¬ 
thetic, technical, and educational. With 
a very few exceptions our larger towns 
suffer from a huge deficiency in land 
areas for daily recreation, and none of 
tile metropolitan centers meets the the¬ 
oretical requirements for urban recre¬ 
ational land. We have to understand 
that this fact is the cause not only of 
poorly functioning towns but also of 
the liea\y pressure of “land-hungry” 
urbanites on the rural countryside—for 
“Glasgow is a good place to get out of” 
(Abercrombie and Matthew, 1949, p. 

vurnilar fo the process whereby ero¬ 
sion and floods result from the loss of 
ab.sorpti\'e capacity of the small parti¬ 
cles of soil, the recreational movement 
on the.coimtr\ is the result o^ the obso¬ 
lescence of urban dwellings and the 
lack of recix ational land within the 
town. The recreation-searching masses 
turn into a “flood wave.” We can as¬ 
sume that in many countries it is only 
that large portions of the population 


cannot afford a holiday far from the 
city which has preserved up to this 
time large tracts of landscape from final 
defacement and destruction. 

On the one hand, our civilization re- 
fpiires ever larger areas of recreational 
land, but, on the other hand, we are 
making the landscape ever more uni¬ 
form and limiting its restful and beau¬ 
tiful parts by maximum exploitation of 
resources. The violent result is the in¬ 
vasion by townspeople into the rural 
surroundings of the city on fine week 
ends and holidays. Here a new conflict 
of interest between farmer and towns¬ 
man has originated; the farmer looks 
upon the holiday-makers as pests—dam¬ 
aging crops, destroying fences, disturb¬ 
ing the cattle, burning the forests, and 
.soiling the countryside. Indeed, a rec¬ 
reational area after withdrawal by its 
visitors is a wretched sight. But the 
townsman, on his side, considers the 
farmer an egoistic tyrant who meets his 
visitor grudgingly and tries to prevent 
his short week-end enjoyment. 

The better the economic condition of 
the average town dweller, the greater 
becomes the problem of recreational 
invasion of the countryside. Eventually, 
the growing numbers of holiday-makers 
begin to constitute a nuisance not only 
for the country folk but also for one 
another. Trying to return for a holiday 
to primitive conditions of life, people 
meet or “surprise” one another instead 
of finding solitude. Overcrowding pre¬ 
vails, just as within the city. Recreation 
liere, like the trip from home to the 
countryside and back, is a nuisance, 
often more strenuous than the daily 
toil. Every big city knows those spots 
in its vicinity where recreation means 
only a change from an honestly arti¬ 
ficial urban environment to a specially 
manufactured “natural environment”— 
a change from the difiiculties of daily 
life to the diflSculties of Sunday recre¬ 
ation. 

For a large part of the population, 
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recreation is spoiled when it does not 
offer them a chance to escape from one 
another. Even in the United States, 
with its comparatively large areas of 
wilderness, a conflict is evident between 
the desire to put at the disposal of ur- 
banittes better recreational facilities and 
larger areas of land and the desire to 
jireserve the natural countryside in its 
original state to make possible its soli¬ 
tary enjoyment by individuals and small 
groups (Feiss, 1950). The more arti¬ 
ficial the urban environment, the larger 
the demand for compensation in indig¬ 
enous landscape. But the most beauti¬ 
ful spots in a region are often kept a 
secret, because advertisement of them 
would mean their certain destruction 
by an influx of visitors. 

The problem of recreational “inun¬ 
dation” of the countryside has to be 
tackled first of all inside the town by 
securing for the townsman the mini¬ 
mum measure of land he needs. A large 
part of his recreational needs thus 
would be met in his immediate envi¬ 
ronment, and the urge to leave the 
cities would be normalized. The whole 
character of outdoor recreation would 
be changed from one of flight from the 
city to one of harmonious movement 
of townspeople meeting their regional 
environment. But any such change for 
the better to be expected from town 
planning and development would not 
reduce the radius of travel for urban 
holiday-makers or restore the inacces¬ 
sibility of rural and indigenous land¬ 
scape. The same motives of social wel¬ 
fare which would encourage a com¬ 
munity to enlarge its own recreational 
facilities would also induce it to pro¬ 
long the yearly vacation of the aver¬ 
age citizen and improve his chances of 
using that time for recreation outside 
the cities. In looking for a solution to 
the recreational problem, our main con¬ 
cern must be with regional develop¬ 
ment and regional design. We cannot 
expect a return to past conditions, and 


we are therefore compelled to turn our 
thoughts and energies to the compre¬ 
hensively planned reconstruction of 
town and landscape as well as to the 
change of attitude toward environment. 

MF/rnODS OF APl»KOACH TO RF.CRE- 
ATIONAL PLANNINC; 

The beginnings of land-use planning 
f(^r recreation lay with those romantic 
lovers of nature who demanded the 
preservation of indigenous or rural land¬ 
scape in the name of God, the nation, 
or nature in genc'ral. Their approach 
was defensive, and their fight actually 
was for the salvation of this or that nat¬ 
ural area and animal species from thc^ 
impact of techniques and industry and 
thus for its artificial se 2 :)aration from the 
landscape of modern civilization. For 
them the destruction of indigenous 
landscape was an indictment against 
our civilization, an offense against the 
wholeness of life. 

We feel that theirs was a righteous 
cause; the rational arguments which 
they used to defend nature, however, 
were less convincing to businessmen 
and politicians. Investment in recrea¬ 
tional facilities is by no means a good 
business proposition if such facilities are 
not intended for mass recreation. Nor 
could an expectation of greater man¬ 
hour production as the direct outcome 
of the influence of landscape on human 
health and vitality be substantiated. 
Arguments concerning the loss of in¬ 
come of local hotels, gas stations, and 
other small businesses were employed 
as a last attempt to preserve the integ¬ 
rity of the landscape (American Society 
of Landscape Architects, 1952), but ex¬ 
pectations of short-term jorofits through 
exploitation of land for lumbering, min¬ 
ing, and power generation always 
proved much more attractive. 

The truth might be that for conserva¬ 
tionists the very existence of wild 
nature is the real issue. By advocating 
the part-time use of landscape as an 
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amenity, they tried 'Ju* , . ,-oal 

tarian soc-ioty tf> fo-of ' > ‘ 

zation of their loft\' i*' 

Given the exist.'-y e. merce¬ 
nary interests, it . n irrcd a 

most fortunate achic\ .■ jiK'n nut con¬ 
servation societies and outstanding indi¬ 
viduals have suceci ded in many coun¬ 
tries in preserving limited areas of wil¬ 
derness as nature reserves or national 
parks. Even in these the fight for preser¬ 
vation against industrial or agricultural 
interests, on the one hand, and against 
invasion by holiday-makers, on the other 
hand, has to be vigilantly pursued. It is 
no wonder, therefore, that pessimism is 
widespread among nature preservation 
societies (Clarke, 1946-47). They un¬ 
derstand that stretches of wilderness 
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i- ceographical sense. For practicability, 
i- the interdependent recreational facili¬ 
ties of the house, the town, and the 
region have to be equally considered 
i and provided for. The problem of rec¬ 
reational pressure on the countryside 
cannot be solved without providing Brst 
for the necessary recreational areas and 
facilities within the town. The same is 
true of planning for public open spaces 
in the town and the planning of indi¬ 
vidual houses and flats. On the other 
hand, the most efficiently planned town, 
containing a full quota of recreational 
facilities, is still a beautiful prison if its 
regional surroundings do not offer the 
town dweller an attractive and acces¬ 
sible environment. Ample recreational 
facilities should confront man in all the 


are becoming museum pieces—exhibits difiPerent spatial frameworks through 
to show the corning generations what which he moves; the problem cannot be 
they have lost. The rate of deterioration partly solved, because the very com- 
of landscape is still much faster than pression of recreational land use into an 
that of preservation, and the prospects insufficient framework negates the pos- 
of accomplishing by preservation a finer sibility of recreation, 
environment are indeterminate. Planning for recreation in regions and 

But, while the fight of the conserva- towns should be comprehensive also in 
tionists is directed against certain basic the functional sense. As far as possible, 
symptoms of environmental change, it the environment planned for functions 
does not touch on the man-land rela- such as working, trading, circulating, 
tionship as a whole, on comprehensive and dwelling should be recreational as 
environmental reconstruction. Positive well as utilitarian. To be effective, rec- 
goals of environmental health have to reation has to be found casually in the 
replace the defensive actions of con- factory at the hour of rest, on the way 
servators. As Patrick Geddes wrote in home, and at home. Vigilance with re- 
his Cities in Evolution (1949, p. 51), spect to the availability of recreational 
“The case for the conservation of nature facilities should not be limited to a few 


must be stated more seriously . . . not zones or to the center of a city but 
merely begged for on all grounds of should encompass the whole city—its 
amenity, of recreation, and repose, houses, gardens, squares, and streets, 
sound though these are, but insisted ‘ providing at one place nooks for indi- 
upon.” vidual seclusion and elsewhere for ex- 

Out of the t1 .'oretical development citement and pleasure in a social con- 
of, and the still \ ery limited practical text. Recreation would thus represent 
experience in, regional and town plan- one of the elements composing habita- 
ning, the most important conclusion to bility. 

be drawn with rt'spect to planning for To the numerous extant formulations 
recreation is the need for compr^en- of the aim of planning we would, then, 
siveness. Land-use planning for recrea- add another; Planning aims at perpetu- 
tion should be comprehensive in the ating recreation in all environmental 
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frameworks. This implies that recreation 
should be part and parcel of the func¬ 
tion of all land use and not only the 
destiny of specific chosen areas of land. 
It belongs to the planning program to 
turn town and country as a whole into 
a functional and aesthetically enjoyable 
environment. 

When recreation is considered a part- 
time function of man, necessitating a 
specially treated, segregated environ¬ 
ment, there occurs an awkward contra¬ 
diction in the act of planning for recre¬ 
ation: the more one plans explicitly for 
recreation, especially on the regional 
scale, the less satisfactory the result. 
There are several reasons for this diffi¬ 
culty. A planned natural or historic en¬ 
vironment in holiday resorts cannot ful¬ 
fil the longing of many vacationers to 
return to the lost rural or indigenous 
landscape. Neither nature nor history 
can be "designed.'* Attempts to do so 
have led only to the fabrication of ridic¬ 
ulous junk—ornamental "prettification" 
in a money-making atmosphere—but not 
to any true environmental quality. Also, 
such planning assumes on the part of 
contemporary men a sort of contented¬ 
ness with the existence of "utilitarian" 
land areas, the inferior environment of 
everyday, for which, it is further as¬ 
sumed, part-time compensation can be 
had by recourse to a complementary 
artificial recreational environment. The 
dual existence of discrete ugly and 
beautified environment is thus perpetu¬ 
ated; it becomes the confirmation of the 
rupture between daily life and the good 
life, which is one of the marks of our 
big cities—the confirmation of a dual¬ 
ism which ought to be eliminated by 
planning. 

Whereas the planning of separate 
zones for industry, through-traffic, and 
residence, as practiced today, seems to 
be in many cases a reasonable method, 
recreational zoning, as it-is often pro¬ 
posed, may miss the very meaning of 
recreation; it is precisely the speciali¬ 


zation of functions which upsets the 
equilibrium of man in the modern city 
and which should be balanced by vari¬ 
ety-variety which recreation should 
provide. To become a true source of 
recreation, the whole of our regional 
surroundings has to be turned into an 
environment which provides for nour¬ 
ishment, occupation, interest, enjoy¬ 
ment, and health at the same time. 
Planning for recreation should be en¬ 
larged from compensatory or defensive 
zoning to planning for comprehensive 
purposes of higher environmental qual¬ 
ity everywhere. 

Summing up this short survey of the 
planning problems of the present recre¬ 
ational crisis, we present two state¬ 
ments: 

a) It is impossible to provide for the 
theoretically needed amount of land for 
outdoor regional recreation if it is in¬ 
tended to be exclusively recreational 
land. Given the increase in world popu¬ 
lation, first call on land rests with food 
production, power generation, and in¬ 
dustry—especially in the immediate sur¬ 
roundings of large population centers. 
Rec reation, therefore, would have to be 
confined to the remaining "useless" 
wastelands, coastal and mountainous 
areas, or preserved stretches of indig- 
emous landscape, wherever these hap¬ 
pened to be located, and for as long as 
no economic importance was ascribed 
to them. 

b) It is, however, not even desirable 
to develop a specific recreational en¬ 
vironment on the regional scale for the 
part-time use of inhabitants of the large 
cities. Visiting such an environment may 
be a matter of social or erotic interest, 
of fashion or prestige, but it does not 
represent a true source of physical and 
psychological enrichment ancl renewal. 
The reason lies in the inevitable over¬ 
crowding, which, together with recrea¬ 
tional specialization, should be con¬ 
sidered as contrary to the essential rec¬ 
reational needs of metropolitan inhabit- 
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of rf^crt'aiion, t'' search for 

nrciis of basieaJlv finx fioDal importance 
—arms of indigenous nutiirc, agricul¬ 
ture, fishing, pusturiug luiuhcring, etc. 

—where recreation would represent one 
of multiple usr-.s for such land. 

Our conclusion, therefore, is that the 
crisis of recreational land use can be 
solvc'd only by opening up for recrea¬ 
tional use the whole of a region. No¬ 
where should recreation be an exclu¬ 
sive function of an area; a landscape 
should be useful and beautiful at the 
same time—a resource' of life and of its 
renewal. 

but is it possible to expect the recre¬ 
ational need for rest and beauty to be¬ 
come the instigator of such a general 
reconstruction of landscape and en¬ 
vironment? 

RKCONSTIUTCTTON OF T.ANDSCAPE 

7’here is an intrinsic conformity of 
aesthetic and functional qualities of an 
environment, and in this conformity lie 
all prospects for recreational improve¬ 
ment. To be precise: not all functions 
oeate environmental beauty, nor is all 
(nvironmental beauty functional; but 
quality creab^s conformity between 
them. This was mo.st probably sensed 
by those nature-lovers who maintained 
that disfigurement of landscape meant 
also the decline of our civilization and 
life, but, as long as mechanistic con¬ 
cepts <){ land as a food-producing sub¬ 
stance prevailed, that feeling found no 
material “nutrient,” and aesthetic and 
recreatiou.d values remained widely 
separate from reality. Today the teach¬ 
ing of ecology, organic agriculture, soil 
science, and land-capability classifica¬ 
tions are making conformity a scientific 
certainty. Now, indeed, “the case of na¬ 
ture conservation , . . can be insisted 
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change in the relation of man to land 
and a new cause of human deteriora¬ 
tion as well. It is a source of vital aes- 
thctic and recri'ationaJ dissatisfaction 
and at the same time a source of defi¬ 
ciency in quantity and quality of food, 
water, wood, climate, and habitability 
of the earth. The recreational crisis is 
part and parcel of the general crisis of 
basic resources. 

Though industrial developments are 
closely linked with the rise? of the birth 
rate in many countries, the landscape as 
transformed by industry is incapable of 
providing the nourishment for an in¬ 
creased population over a long time. It 
is a landscape of man-made erosion and 
of declining fertility—and other ever 
mounting physical problems. All the 
emphasis is on maximum crops and high 
profits within the shortest time and for 
a price which is to be paid by future 
generations. The land can be interpreted 
as being functionally degenerate. To 
secure a permanent basis of civilization, 
a further step, one of environmental re¬ 
construction, is needed. 

In the shaping of tools, houses, and 
even cities we have learned the intrinsic 
relationship of material, function, and 
form, brought to high expression in 
handicrafts, architecture, and city de¬ 
sign. Now, recent developments in biol¬ 
ogy have made us understand the nat¬ 
ural processes to a degree where we be¬ 
gin to recognize our immediate power 
over, as well as our final dependence 
upon, the ecological functions. The out¬ 
standing importance of our new bio¬ 
logical knowledge lies in the fact that it 
sets us at the beginning of new enter¬ 
prises on a larger scale, which may be 
called “reconstruction of landscape,” 
“regional design,” or, as Geddes put it, 
“geotechnics.”^ This is a scientific enter- 


upon.” The disfigurement of landscape 
is not merely a symptom but also one 
of the basic physical causes of cultural 
decline; it is the e^fPect of a radical 


1, That Geddes used the term “geotechnics’* 
is reported by Benton MacKaye in “Geography 
to Geotechnics," a series that appeared in The 
Survey, October—December, 1950, and April— 
June, 1951. New York: Survey Associates, Inc. 
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prise as far as it is the observation cording to soil capabilities, terracing 
and the emulation of nature’s rule of re- and strip cultivation, the following of 
turn, and an artistic enterprise as far as lines of natural contours or soil qualities 
nature leaves us the freedom, or even in the delimitation of parcels and fields, 
incites us, to express our developmental and the bringing to an end of the grid 
longings in the creation of higher quali- pattern of fic*Jds introduced by the land 
ties of environment. surveyor and the real estate merchant. 

The first realization of geotechnics— There emerges a reallotment and rede¬ 
in the United States especially the Ten- velopment of whole rural countrysides, 
nessee Valley Authority; in European as begun in the Netherlands and in 
countries the beginnings of afforestation other European countries—a far-reach- 
and agricultural intensification, such as ing reorganization of the treeless “food 
in Israel—as well as of the theory of factories” or of the abandoned eroded 
landscape reconstruction, as developed fields into smaller fields bounded by 
in the last few years, indicates the wildlife strips (Figs. J71-173). 
changes in the cultural landscape to be The application of ecological princi- 
expected: an increase in forests and pies of maintenance of soil fertility will 
wooded strips, an intensification and lead in different countries to different 
variegation of agricultural land use ac- landscape designs, because such appli- 



Fic. 171.—Existing condition—center of Esdraelon Valley, Israel. The lack of forests, wadies 
cutting deep into the land, marshland, and parcellation in long narrow strips are the symptoms 
of a landscape which is in a stage of functional and aestlietic deterioration. Intensification of agri¬ 
cultural land use and settlement and afforestation are leading to a gradual improvement of the 
landscape, i.e., greater fertility and habitability. 
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cation wiJ] be based ou research into 
renional soil conditions and capa 11 les 
and human conditions. For ^^“7 
regions we can imagine as the result the 
creation of a pattern oi hecly curved 
wooded strips, tnivcrsing the plains in 
many directions, widening here and 
there into woods, running along streams 
md rivulets, and eventually connecting 
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meroiis planners have observed that in 
land-me planning on the regional scale 
recreation is always among the objec¬ 
tives “obtained ... as collateral benefits" 
(Blanchard, 1950). Game preserves 
would be kept not because of the un¬ 
ceasing endeavors of conservation soci¬ 
eties but because *'the cover needed for 
watershed conservation [would be] . . . 
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Fig. 172.-Soil-capability survey—center of Esdraelon Valley, Israel. The soil-capability classi¬ 
fication, combined with the physiographic survey of a region, is the key to the planning of a new 
and better pattern of landscape. 


with the mountainous hinterland, where 
they would gain in width and finally 
merge into fore ts. The shady pathways, 
the rivers, aiu the forests of wildlife, 
for which people* in many countries 
long, would again come to life—not be¬ 
cause we should be ready to pay for 
recreation but because we should be 
obeying the scientifically recognized 
rules and preconditions for our perma¬ 
nent settlement and nourishment. Nu- 


restored to the drainage channel and 
hillsides” (Leopold, quoted in Graham, 
1944, p. 170). A beautiful recreational 
landscape, as Sharp (1950, p. 67) has 
pointed out, “arose out of activities that 
were undertaken primarily for other 
motives, rather than that it was delib¬ 
erately created for itself.” 

We can imagine also an increase in 
planting along roads and trenches to 
avoid soil erosion and the planting of 
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green belts around villages and cities sent a memorial which the townsman 
to absorb the urban floodwaters, to erects in the heart of his city to remind 
minimize the range of influence of urban him of the lost natural landscape. It is 
dust and smoke, and to create a har- a condensed artificial landscape in 
monious transition of great recreational which a large variety of plants, as 
value from town to country. Green well as rocks and water, oftem repre¬ 
strips may converge on the cities and sents the natural landscape “in a nut- 
even penetrate into them. Here certain shell.” In many new towns, however, a 
new trends of town planning, which new way of designing planted areas has 



Fig. 173.—Landscape plan for center of Esdraclon Valley, Israel. The reconstruction of land¬ 
scape can never restore the original untouched quality of land. It leads, by the application of 
ecological principles of land use, to a harmonious pattern of recreational and useful areas: wooded 
strips, lakes, terraces, and forests, with intensively cultivated fields and villages and towns in 
between. 

have already found expression in sev- appeared; these designs admit, without 
eral countries, conform entirely with the much artificial treatment, a wedgelike 
large geotechnical principles of recon- penetration of the surrounding land- 
struction. In former centuries the for- scape into the center of the city. In this 
mally arranged private garden symbol- way an extensive net of green pathways 
ized in a way the conquest and taming subdivides the town in a natural way 
of nature by man. The free design of into the residential neighborhood units; 
public gardens during recent decades it represents the most attractive and 
has been the next step and may repre- convenient route of communication 
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among pJac rs of work, hoiiK'x, shopping 
centers, and friends, arif it joins with 
sports fields, plavgronr^j',. and schools. 
Here recreation iias in en truly inte¬ 
grated into the M’JioIr ol the functions 
of urban life, and there is no longer a 
need for obti'usively specialized recrea¬ 
tional facilities (Fig. 174). 


as the mutuality of social and biotic life. 
The human communities of such a 
region can be strengthened only througli 
the enhancement of its biotic com¬ 
munities. Its biological improvement, 
however, involves its aesthetic and rec¬ 
reational improvement. 

Man has changed his landscape time 



Fic;. 174.—Ihe new town of Beer-Sheva, Israel. The new town of Beer-Sheva numbers 20,000 
inhabitants to dat(\ Though the? development of amenity is necessarily slow, the plan secures the 
future integration of the town with its regional environment as well as ample recreational facili¬ 
ties within the town. 


The town no longer repre.sents 
an isolated foi tress, as in past centurie.^, 
or an agglomeration of houses alienated 
from its regional surroundings, as in the 
nineteenth century, but a regionally in¬ 
tegrated nucleus of the landscape, from 
which open freely the channels which 
connect its center with the region and 
through which its lifeblood streams in 
and out. The function this pattern fos¬ 
ters and expresses may be interpreted 


and again. But all large-scale landscape 
design has been based on functional 
rather than aesthetic foundations. It 
may be expected that both “useful” and 
“useless” landscape will gain, by the 
new reconstruction of landscape, much 
of that “indigenous” character which is 
so valuable for recreation (MacKaye, 
1928, pp. 138 and 169). But what does 
that indigenous character signify in 
this context? It would be superficial to 
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explain it merc'ly as a return to a primi¬ 
tive past. “Indigenous” should be inter¬ 
preted, as MacKaye has, as a quality of 
past, present, and future. As appeared 
in a recent memorandum of the (Brit¬ 
ish) Soil Association, “The primitive en¬ 
vironment was better, not because it 
was primitive, but because the rule of 
the natural biological cycle prevailed” 
(Anonymous, 1955, p. 77). In the same 
way recreation would be better, not as 
an attempt to return to the past, but as 
a way to eternally desirable values. The 
indigenous character of landscape 
which may result from application of 
scientific methods would be a confirma¬ 
tion of the quality of our work of r('- 
construction. That landscape would be 
a realization of our aspirations toward 
health and wholeness. 

REALIZATION OF RECREATION 

We began this essay by searching 
man for his needs and the landscape for 
its recreational resources; we found 
man’s needs to be rising at the same 
time that the recreational landscape is 
deteriorating; only comprehensive re¬ 
gional reconstruction can restore the 
true sources of recreation. Now we 
have to look for the human resources 
for this tremendous enterprise which 
may be described as recreation of en¬ 
vironment. Our problem has become re¬ 
versed, and it is no longer possible to 
separate “recreation by environment” 
fiom “recreation of environment.” In¬ 
deed, the very term “recreation” hints 
at this ambiguity: recreation means the 
revitalization of man’s life by whatever 
circumstances, but it means also the 
restoration of life in man’s biotic and 
physical environment. Recreating and 
being recreated—both are included in 
the original meaning of recreation, and, 
indeed, only in this double sense can it 
be realized. 

We have dealt with the problem of 
recreation for the most part skeptically. 


As long as we are satisfied with expect¬ 
ing recreation from the environment, 
there is much room for skepticism. 
Hope begins when we deal with recrea¬ 
tion in its active as well as its passive 
aspects. Such recreation loses the char¬ 
acter of temporary compensation; it be¬ 
comes a positive act of observing, en¬ 
riching one’s experience, widening one’s 
interests, participating in the activities 
of communities, and developing recep- 
tiv^ity for environmental qualities. 

In our time we often meet the tend- 
('ucy to identify recreation with certain 
ways of behavior in free nature and in 
foreign places—a sort of planned emo¬ 
tionality and permanent enthu.siasm. 
When we speak of “active” recreation, 
we aim not at th(' instigation of any 
such recreational enthusiasm but at 
positive purposes of recreation. Active 
recreation may become the voluntary 
preparation of the urban inhabitant for 
the geotechnical rericwal of his region; 
it may be the first step—reconnaissance 
—in the long-overdue fight against soil 
erosion, declining fertility, and land¬ 
scape devastation, aiming at the quali¬ 
tative and quantitative enhancement of 
food-growing areas as much as of the 
habitability in town and country. This 
sort of recreation would serve the prog¬ 
ress of regional survey of towns and 
country. As conceived by Geddes (1949, 
p. 157), it would renew our acquaint¬ 
ance with our regions, “rationalise our 
own experience,” and prepare us for its 
lanned change by widening our factual 
nowledge as well as educating us to a 
.synoptic planning attitude; it would be¬ 
come “regional survey for regional serv¬ 
ice” (Boardman, 1944, p. 187). 

Wherever attempts at land recon¬ 
struction have been made, it has 
emerged clearly that this is a multipur¬ 
pose enterprise, involving agriculture, 
water supply, power production, indus¬ 
try, transportation, and population 
movement and geared to residential as 
well as recreational purposes. To be 
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successful, such an cuicrprisc has to be 
undertaken Ijy collahnratiny, parties of 
diilerent interests. The rural forces 
alone are in our time unable to accom¬ 
plish the task. Urban scientific and 
technical achievtaiu'iits have to he fully 
applied to the country to bring about 
afforestation, dainbu ihling, terracing, 
drainage, planting, ix'allotmc'iit of land, 
and construction. If repair of the man- 
land relationship were to become the 
(‘ssential content of n^en'atfon, tlie rc'c- 
rc^ational r('tnm of tlu' urban inhabitant 
to thci land would mean the beginning 
of rniitnalitv of urban and rural land- 


lie* rc'turns to the country. The nioje 
tliat industry and cities expand, the 
greater is the demand for recreation— 
but the greater also arc the chances to 
realiz.e recreation in its double sense by 
combine'd economic rehabilitation, so¬ 
cial re-education, and physical recon¬ 
struction. 

5. In the reconstruction of landscape, 
c o-operation between town and country 
and among professions would re-create 
a fc'itile ancl habitable environment. It 
would be the greatest enterprise of 
planned environmental change since 
Neolithic times and the best act of so¬ 


use interests and of co-operation in 
planned regional reconstruction. 

Wo can now summarize by forc^cast- 
ing thrc'c stages of cnvircmrnental de¬ 
velopment bc'yond those set forth at the 
oiitsc't—thongh these represent no cer¬ 
tainties but only postulates: 

4. Urban man should realize that, 
when h(^ concjuered the countryside and 
cTeatc'd towns, he at the same time lost 
important environmental values. Forced 
thereby to search for his own recreation, 


eial creation we can imagine. With the 
help of science, man reconstructs na¬ 
ture in its own image, which is at the 
same time his own best image. 

6. Acting toward these purposes, man 
would rediscover the land as an inex¬ 
haustible resource of human recrea¬ 
tion; making such discoveries, he would 
at the same time regain confidence in 
his own creative capabilities. Recreation 
would then become means and ends in 
one—and the earth, a better habitation. 
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Dr. Alan Batcman, in introducing brought about by man arc to be ineas- 
this session as Chairman, thought that urcd from a moving base. Often, as in 
most members of the group were con- the cases of erosion, of rising of sea 
vinced that man Jias effected changes level, and of shifting stream channels, 
on the face of the earth. Now it was it has been man*s interest to institute 
time to turn to a consideration of the changes that coiinttvact those made by 
processes by means of which some of nature—the changes man hopes to 
the changes have taken place—proc- cause are simply to preserve the status 
esses that are going on today and have fjuo. The determination of changes due 
gone on in the past. The present sub- to mans efforts is rendered difficult in 
ject deals more with the realm of earth that the effect of natural forces must 
science, and we must not overlook, as be assessed to give a base from which 
Russell brings out in his chapter, that to measure man's changes, and natural 
forces entirely independent of man not forces are, in many instances, not static 
only exist but, coincident with man's but in movement, 
activities, have been active in produc¬ 
ing changes on the surface of the earth. changing levels of 

Discussions of change, Thomas land and sea 

brought out, usually do not start with The measurable quantity of man’s ef- 
definitions of change. From what “Gar- forts, so far as changing the sea is con- 
den of Eden” or “Golden Age” are cerned, is very low. Both inland proc- 
changes to be measured? For example, esses and oceanic or marine processes 
we speak of “overgrazing.” Grazing is affect the coast line. The contact of sea 
the function of an animal; the term and land has been a great tension zone 
“overgrazing” is used to describe the over all periods of time. Davis cited the 
ill effects of grazing upon plants, and accumulating evidence—in peat pro- 
thus it is the function of a plant. Use of files, in mangrove swamps, on tidal 
the term implies certain standards, gauges, in different sedimentary de- 
Similarly, in using the term “geologic posits—of the postglacial, or Recent, 
normal of erosion,” we have to tell what rise of sea level. And what is going to 
the normal is before telling what the happen to New York or Miami when 
changes in erosion have been. Natural the sea level rises—say, 20 feet—higher 
changes are occurring; the changes than it is at present? 
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Several scholars cited c\’idcnce for 
rising sea level u1oj)l^ the coasts or 
northwestern Europe. J?abby men¬ 
tioned the rise along the eastern coast 
of England of 5-6 lect .since Roman 
times—approximately a foot every three 
hundred y'ears. The inipJieatioiis ol this 
are obvious for intensifying the difficul¬ 
ties of draining the marshes of the Eng¬ 
lish Fenland. After the fifth century 
A.D. the agricultural activities of the 
Romans in England, as revealed on 
aerial photographs, ceased compara¬ 
tively suddenly. This may have been 
due, in part, to a lack of organization ^ 
during the confusion of the period, but 
it also must have been due to physical < 
changes. Pfeifer cited the man-made t 
hills of the German marshes, where ex- < 
cavation has revealed successive addi- ^ 
tions on which houses were built. 1 
Gourou referred to the rocky coast of 5 
l^Tench Brittany along which the rising t 
of sea level, termed “Dunkerquian ris- J 
ing,” has been measured in places > 
where it could not possibly be confused t 
with subsidence of land due to contrac¬ 
tion of peat soils under cultivation. t 

Sauer remarked that some speakers 1 
referred to sinking of the land, while n 
others spoke of rising of the sea, even 1 
using the terms alternatively. The di- ^ 
lemma is that sinking of the land and t 
rising of the sea are not the same i 
process. I 

Darwin asked whether we now have i 
enough knowledge to know the maxi- t 
mum sea level that could be reached, f 
Floating ice would not enter into the t 
calculations; only melted land ice s 
would add to the volume of the s'ea. c 
Davis replied that the highest known t 
terrace in Florida is about 280 feet. The 


r added that depths of 11,500 feet ff, 
f Greenland ice were recorded by a 195, 
expedition made by Dr. Richard F. 
Flint, which indicated a greater quan¬ 
tity of ice than had been anticipated. 
The bottom of the ice is actually below 
sea level. BARTLErr, in writing, pointed 
out that the effect of melting ice in 
Antarctica and Greenland would be 
partially offset by isostasy as well as 
by the shift of weight caused by the 
deposition of eroded materials into the 
sea. 

Landsberc^ thought it unlikely that 
there had ever been a melting of the 
Antarctic icecap since the early Pleisto¬ 
cene. Even in the so-called “intergla¬ 
cials” it remained intact, so that the 
estimates are likely to be maximized. 
Also, if the earth’s atmosphere is 
heated, more water is going to be 
stored in the atmosphere. Sauer agreed 
that there never had been complete de¬ 
glaciation during the Pleistocene and 
would put the possible rise at some¬ 
thing like 100 feet. 

It was brought out by Thornthwaite 
that oceanographers have found sea 
levels to change regularly twice a year, 
with the peak for September and Octo¬ 
ber being higher than that for March. 
While the change in level is not great, 
the amount of water involved is enor¬ 
mous. It is temporarily stored on the 
land. More water is in the soil and 
underground in the .spring than at other 
times of the year. The difference in the 
peaks is due to there being less land in 
the Southern Hemisphere, where the 
sea.sons are reversed. As summer comes 
on, evapotranspiration increases, and 
the moisture in the soil and on the land 
diminishes. 


assumption is that almost all ice was 
melted during an interglacial period. 
Boulding calculated the rise of ocean 
level to be 300 feet, basing his calcu¬ 
lations upon the assumption that the 
average depth of ice over Greenland 
and Antarctica is 10,000 feet. Bateman 


ScARLOTT added the footnote that 
one reason for the rising sea level is 
.sediment washing from the land into 
the sea. Since man in recent millen¬ 
niums has been a factor in increasing 
the rate of erosion, he too should share 
some small blame for the rising sea. 
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The question of the changing base 
level (sea level) is important as a 
demonstration of how slowly knowl¬ 
edge acquired in one field extends into 
others in which it would be useful. 
Sauer pointed up how, for years, earth 
science has been well aware of the sig¬ 
nificance, if not the magnitude, of the 
swings of world-wide sea level con¬ 
nected with the locking-up and unlock¬ 
ing of water in successive phases of 
glaciation and deglaciation. Daly intro¬ 
duced this knowledge to a part of the 
American public in his Mobile Earth; 
yet even in the narrower range of the 
profession its indications were not suf¬ 
ficiently regarded. The famous system 
of erosion-cycle hypotheses by William 
Morris Davis in considerable measure 
broke down because it was based upon 
base levels of duration such as have not 
existed in the world almost certainly 
for several million years. We are still 
dealing with a lag in knowledge, ex¬ 
tending far beyond the geomorpholo¬ 
gist, in the unawareness of the world¬ 
wide swings (except for isostasy in the 
higher latitudes) of sea level in this 
critical question of where land meets 
sea. A great deal of archeology and of 
some early history is not realistic be¬ 
cause it is unaware that present alluvial 
valleys were eroding during glacial 
stages and filling during interglacial 
stages. This is applicable to most of the 
valleys entering the seas throughout 
the world and has been precisely dem¬ 
onstrated by Russell and his associates 
in Louisiana for the Mississippi River 
system. A further point they have 
added is that great alluvial systems are 
themselves in constant process of de¬ 
forming and depressing the earth’s 
crust, and in these slowly sinking areas, 
within which so much history of man¬ 
kind has transpired, records of the past 
are being buried more and more deep- 

•y- 

Huzayyin added that there is a simi¬ 
lar problem in the Nile. Changing base 


level was not the only factor, for in the 
lower Nile Valley there are eight ter¬ 
races or so, while during the pluvial 
period the oscillations of the sea could 
not have exceeded perhaps four phases. 
Climatic changes also could have af¬ 
fected the cycle of erosion and depo¬ 
sition in the lower Nile Valley. With 
more abundant water during a pluvial 
phase, the river would spread higher 
and more widely, and more abundant 
deposition would result; with a phase 
of less pliiviosity, the waters limited to 
a smaller bed would erode. Also, river 
capture in the Abyssinian highlands 
would add to the volume of waters and 
to the material grf)wth of the lower 
Nile. Erosion and deposition occur 
simultaneously along different parts of 
the river course. Today the Nile is de¬ 
positing in northern and middle Egypt 
and is eroding in Nubia; this is why the 
great Aswan Dam has not been silted. 

man’s debt to the sea 

Davis was inclined to regard man’s 
civilized activities as having originated 
along the .sea. The evidence for this, 
such as coastal shell mounds, has been 
mostly lost through the encroachment 
of the sea over the land. Jones, in writ¬ 
ing, observed that The Dalles on the 
Columbia River supported one of the 
densest, most pro.spcrous, and definitely 
localized Indian populations, as did the 
Northwest Coast, and he added that 
fishing may well have preceded agri¬ 
culture as a “civilizing factor” in human 
history. 

Klimm noted that a great deal of at¬ 
tention has been paid to the sea as a 
source of food and wondered whether 
the generalization were true that, after 
the agricultural stage is reached, man 
turns to the sea only as a last resort. 
The hypothesis is that, if man can make 
a living from agriculture, he is reluc¬ 
tant to go to sea, where the same 
amount of effort and risk will return 
less to him. If it were demonstrated 
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that Jabor input applied to the sea 
yields less in the way of food or other 
economic return than labor^ input in 
agriculture under anything like favor¬ 
able conditions, then we would have 
.some perspective on the possibility and 
probability of mans making any major 
change in the sea as a resource base. 
Do we have to await a period of agri- 
ciiJtiira] exhaustion or overcrowding be¬ 
fore it will pay man to put his econom¬ 
ic effort into the sea? 

Muapirv remarked that, though today 
we may see it as a sort of last resort, he 
doubted that primitive man in coastal 
n^gions turned to ocean waters for a 
substantial part of his proteins for any 
reason other than preference. We must 
considt'r taste and choice as much as 
relative labor and availability. He re- 
calk'd reading that the shell heaps be¬ 
tween Maine and Florida contain a 
greater bulk of bivalves than have been 
consumed by Europeans since their set¬ 
tlement in North America, despite the 
fact that our daily take is now in thou¬ 
sands of barrels. 

Pfkifer pointed out that peoples 
have developed and adapted whole 
ways of life around the activity of fish¬ 
ing. It is not easy to assume that these 
will easily be changed over or aban¬ 
doned in accordance with more effieient 


that they preferred to go out in boats 
Again, almost all the late prehistoric 
shell mounds of southern Louisiana are 
associated with agricultural popula- 
tions, who, like the Cajuns of today, 
simply like to go shrimping and oyster- 
ing. 

MuMFOim asked whether Kliinm had 
restricted his concept of the economics 
of fishing too much to ocean fishing, 
whereas a great deal of fishing during 
the development of civilizations was 
done from the rivers, inland fishing be¬ 
ing a standard way to eke out income. 
Almost the earliest guild on record was 
a fishing guild in the town of Ulm. 
Heichelheim brought out that, while 
evidence from the Greeks and Romans 
indicates ocean fishing to be post- 
Homeric, ancient oriental economies 
early developed careful organizations— 
such as the fishing guilds in Sumer—for 
lake and river fishing. While we have 
not the least evidence that the persons 
drafted into fishing did so with pleas¬ 
ure, nevertheless there are people who 
love the sea and prefer it to agriculture. 
Huzayyin added that fish always were 
an important part of the food supply in 
Egypt. Neolithic peoples around the 
lake at Faiyum combined agriculture 
with fishing, principally for catfish. 
Also, in the bas-reliefs of the tomb of 


technological processes developed else¬ 
where in the world. Even where fishing 
is not used as a means of livelihood, 
there is great inclination to continue it 
as a sport. Reporting on his work 
among fishing people of Maritime 
Canada, Clark concluded that a very 
large number simply prefer to fish and 
thereby get a meager living from the 
sea, even though it would be more 
profitable for them to farm. They real¬ 
ize this; it has been demonstrated to 
them; vet essential conservatism or love 


Ti of the Sixth Dynasty of the Old 
Kingdom, a large variety of fresh-water 
fi.sh are to be found. 

Spoehr considered the history of 
man’s cultivation of the sea as some¬ 
what in the category of hunting—one 
part of the search for protein food. 
Population densities today on certain 
atolls of the Pacific are computed as 
1,200 per square mile of land area, yet 
this high density is misleading as re¬ 
gards food supply, for these popula¬ 
tions could not survive without the in¬ 


fer the sea keeps them on a lower elusion of the sea as part of their re- 
standard of living. Sauer added that source base. The question arises wheth- 
the island Caribs, as commented upon er man has ever been able to cultivate 
by early observers, knew farming but the sea in the same way as he has been 
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able to raise protein through the domes¬ 
tication of animals; the fishponds or 
fish "farms” of Hawaii and of southern 
and eastern Asia would be examples of 
this sort of activity. Schaefer related 
the intensity of fishing to ease of living. 
Tremendous shell mounds remaining 
along the sea indicate the ease with 
which a rich variety of shellfish was 
obtained from the sea. By comparison, 
shell residues in the Hudson River Val¬ 
ley indicate that man used the few 
barely edible shellfish only when other 
types of food were unavailable. If we 
look at the product of activity in terms 
of food, the conclusion is that it is far 
easier and much more effective to use 
land for obtaining food for the greate.st 
number of people. On the other hand, 
new technological developments are 
likely to provide easier ways of procur¬ 
ing more attractive materials from the 
sea. 

Growth in the sea is not separate 
from growth on the land. Albrecht em¬ 
phasized that sea life struggles to ob¬ 
tain its protein just as the fisherman 
struggles to get his. And it is only by 
erosion and the movement of decom¬ 
posed rock into the sea that life there 
survives. There is a linkage, then, be¬ 
tween climate, physical changes on the 
earth, and fishermen. In addition, man 
goes back to the sea for iodine and 
other essentials to make up for short¬ 
ages in harvests from the land. "I am 
pleading,” Albrfx:ht added, “for the 
consideration of agriculture, but not its 
flattery. I don’t believe you want to 
flatter agriculture so much as to believe 
that it can feed us so efficiently that we 
won’t go back to the sea.” 

Galdston developed further Al¬ 
brecht’s point on the biological evalua¬ 
tion of fish protein. Excluding the shell¬ 
fish, modem nutritional studies indi¬ 
cate that fish proteins are of inferior 
quality when compared to meats and 
even to some vegetable compounds. Ex¬ 
periments show that carnivorous ani¬ 


mals fed on fish do not thrive. There 
may thus be a biological basis for the 
use of the term “fish-eater” as a dispar¬ 
aging epithet. The nutritional effect in 
human development is reflected in the 
marked contrasts between some vege¬ 
tarian and some meat-eating groups in 
India. Evans, however, pointed out the 
energy noted among those African 
peoples who had easy access to a fish 
supply, there being a very marked dif¬ 
ference in quality in tropical Africa be¬ 
tween those living on the rivers and 
those living away from them. 

WAIERS OF THE LAND AND DEVELOP¬ 
MENT OF WATERSHEDS 

The changes which man has made in 
the water economy of the earth can be 
either permanent or temporary, as with 
other non-renewable resources. Leo¬ 
pold considered the mining of ground 
water actually to be semipermanent, 
but permanent relative to man, since 
the time span of recharge is very long. 
The greatest effects of man, however, 
are those changes which initiate a chain 
reaction, such as the building of larg^ 
dams on large river systems. In the 
United States, for example, present 
plans look forward to a complete 
change in river systems. Dams already 
designed for the Missouri River will, if 
built, transform the valley into practi¬ 
cally one continuous lake. There will 
come a time, be it a hundred or five 
hundred years, when a series of essen¬ 
tially level silt beds will be formed, and 
interesting changes in physiography 
and in the operation of the water econ¬ 
omy will result from this sedimenta¬ 
tion. First, riparian vegetation associ¬ 
ated with the relatively high water 
table in these sediments will complete¬ 
ly change the evapotranspiration losses. 
Second, there will be, as is so in the 
case of Lake Mead, an actual, though 
small, subsidence due to the weight of 
water behind the dams. It is not impos¬ 
sible that, when the entire Missouri 
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River Valley is one continuous lake, the 
subsidence eflFect will considerably 
change the base level of tributaries, 
which, in turn, will account in part for 
changes in the longitudinal profiles of 
all tributaries to the main river. Third, 
another effect is on tributaries: under 
natural conditions the occurrence of a 
flood peak on the main river is more or 
less directly related to flood peaks on 
the tributaries. However, when water 
is stored behind a dam, the flood peak 
of the main river is eliminated, while 
the undamrned tributary when it comes 
to peak will be graded to a new level— 
that of the controlled water level of the 
main river. Such an upset of base levels 
due to control of the flood hydrograph 
of main stream versus tributary has 
caused important changes in erosion 
and sedimentation of many tributaries 
throughout the West, where the main 
stream has been subject to control by 
large structures and the tributaries have 
not. Fourth, recent research has indi¬ 
cated that, in general, a flood plain is 
built by a river to such a level that 
overflow occurs approximately once a 
year. In Lf.opold’s opinion, this is the 
diagnostic cliaracteristic of flood plains. 
When the frequency of flooding is 
changed by control of the flood hydro- 
graph, the same physical relationships 
that operated originally to form the 
flood plain will rebuild it in accord 
with the new frequency of flooding. 
Fifth, thcae is the effect of channel stor¬ 
age, which is going to be quite different 
from that at present, when water is able 
to flow over a very much greater width 
of valley. Thus, quite apart from eco¬ 
nomic or social factors, there are many 
hydrologic reasons why the construc¬ 
tion of a series of dams on a long river 
system has many ramifications. 

Burke them asked Leopold for his 
opinion on what is basically wrong 
with the kind of watershed develop¬ 
ment that has taken place to date in the 
United States. Briefly, Leopold replied 


that the conservation program lacks 
basic understanding of hydrologic in¬ 
terrelationships as, for example, be- 
tw^een upstream engineering and up¬ 
stream land management. As things 
now stand, conservation, in the broad¬ 
est sense, is carrying on its back an en¬ 
gineering program that cannot in itself 
be justified except locally. 

Making the Missouri River a series 
of lakes with the sediment in the bot¬ 
tom would, Albrecht asserted, be an 
agricultural disaster. Those tributaries 
to the Missouri have a gradient as the 
crow flies of from 6/2 to Di feet per mile. 
As the stream courses go, then, gradi¬ 
ents are about 4 feet per mile. They 
come eastward from the highland, an 
area of low rainfall and relatively un¬ 
weathered rock, and deliver and de¬ 
posit sediment in the Missouri River, 
which has a gradient of less than a foot 
per mile. The Missouri River does not 
run at flood amounts all the time; and, 
even when the river becomes a trickle, 
the winds continue. Blowing from the 
southwest across that elbow of the Mis¬ 
souri River eastward from Kansas City, 
the winds have a maximum opportunity 
to pick up sediment, later to be depos¬ 
ited as so-called “loessal soil” at a rate 
of 1,000 pounds per acre per year over 
northern Missouri, Iowa, and Illinois, 
and are an integral part of the cycle of 
annual renewal of fertility in those cul¬ 
tivated areas of higher rainfall. We lose 
sight of the biological aspects of the 
situation because the technological as¬ 
pects of building big dams look so won¬ 
derful, but man s engineering ambition 
to push the world around with a bull¬ 
dozer is seriously disturbing when this 
biological performance is completely 
upset. 

It was brought out by Bartlett, in 
writing, that the late Professor Hobbes 
discovered present-day conditions in 
Greenland which explained how the 
great Pleistocene loess deposits of the 
Middle West south of the great ice 
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sheets had been formed. The streams 
emerging in summer from under the 
central Greenland icecap carried in sus¬ 
pension great quantities of rock flour 
which were deposited on the coastal 
plain. When this fine material dried, it 
had no coherence and blew away in 
quantity, to settle in layers and drifts 
w^herever there was vegetation enough 
to break the force of the wind. Fixation 
of this wind-blown dust by vegetation, 
to form loess, seems to have been a 
postglacial phenomenon of great mag¬ 
nitude in Iowa and other grassland 
states. With removal of the protecting 
vegetation, by the turning-under of sod, 
the erosional cycle recurred, and this 
might easily have bfeen caused by over- 
grazing and too frequent fires, as well 
as by plowing. Since geologists regu¬ 
larly recognize that certain great geo¬ 
logical deposits consist of wind-blown 
dust, it seems useless to labor the ques¬ 
tion of whether dust storms are a new 
phenomenon or not. Of course they are 
not. Still, it is interesting to know where 
the dust of present-day storms comes 
from. 

Boulding asked about the effect of 
proposed dams on the delta of the Mis¬ 
sissippi and whether there was any¬ 
thing in the story that the effect of 
Hoover Dam will be to eliminate the 
Imperial Valley in California as a result 
of seaward erosion of the Colorado 
River Delta at the head of the Gulf of 
California. Leopold thought the answer 
to be unknown. It is difficult to under¬ 
stand what happens even immediately 
below each individual dam. For exam¬ 
ple, the flood problem created at 
Needles, California, as a result of build¬ 
ing Boulder Dam and the complete 
elimination of floods in the lower Colo¬ 
rado River were completely unforeseen. 
Degradation by the clear water released 
from the dam took place in the channel 
immediately below the dam; the re¬ 
sulting aggradation at Needles now 
causes the relatively low water volumes 


released to become local floods. Not 
enough is known about river mechan¬ 
ics and related subjects to be able to 
forecast even local events, let alone 
questions of the future. 

Smith cited the example of the up¬ 
per Rio Grande Valley, which, in part, 
is a series of filled mountain valleys. 
Between the ridges, water has brought 
down loose material and filled the val¬ 
leys from side to side for many miles 
with soft, meal-like earth. When white 
men appeared on this surface, grass 
was growing higher than a horse and 
covered the valley from end to end and 
side to side. Floods mashed down the 
grass, rushed over it, but did not cut 
the land. White man’s sheep and cattle 
ate the grass; streams cut the great 
mass of valley fill into channels; and 
the valley became a series of canyons. 
At Albuquerque, on the Rio Grande, 
the bottom of the river behind the dikes 
is higher than the town’s main street. 

Banks was concerned about develop¬ 
ments in the United States, because 
such huge projects will be copied 
blindly in other parts of the world. He 
asked who owns and controls these vast 
masses of water which either are being 
moved or are about to be moved. 
Thomas answered that, according to 
the Constitution, all rights not com¬ 
mitted to the federal government are 
reserved to the states. The Constitution 
declares commerce to be a matter for 
federal control. Navigation being a part 
of commerce, the federal government 
can control the navigable waters, in¬ 
cluding, according to court interpreta¬ 
tion, the non-navigable tributaries of 
navigable streams. In addition, the 
"public welfare” clause of the Consti¬ 
tution permits the federal government 
to have an interest in waters in any 
locality, provided it has general rather 
than local concern. However, the work¬ 
ing arrangement has been that each 
state has been pre-eminent in allocating 
rights within its area. For interstate 
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waters, such as the Cohn ado or Missis- 
sippi rivers, the fcdernl government 
has a very important obligation in navi- 
f^ation and Hood control, but individual 
uses of water nearly always come un¬ 
der state jurisdiction. In general, water 
rights in the western states have been 
decided by supreme courts of the indi¬ 
vidual states. Only in cases of inter¬ 
state interests, such as Arizona versus 
California or Nebraska versus Wyo¬ 
ming, liave water cases reached the 
United States Supreme Court. 

Competition for water exists in many 
parts of the world. Bartlett, in writ¬ 
ing, referred to the great disruption in 
the agricultural economy of the older 
settled areas of northwestern Argen¬ 
tina, caused by the diversion and utili¬ 
zation of water that formerly flowed 
into the region. Rivers there do not 
have sufficient volume to reach the sea 
but disappear into great alkaline and 
saline marshes. The northwestward 
movement of population, with its de¬ 
mand for irrigation, has deprived the 
earlier centers of sufficient water sup¬ 
ply. Thus it can be seen that a chain 
reaction can result from tampering 
with one aspect of the hydrologic cycle. 
Water has a continuous movement 
through a number of interrelated 
stages: precipitation onto the surface, 
adsorption into the soil, runoff over the 
land, movement downward into 
ground-water reservoirs, and lateral 
movement underground. Thomas re¬ 
lated an experience that stressed the 
need for further information on ground 
water. lu 1951 Kansas had some .very 
serious AockIs in the eastern part of the 
state; the years 1952-54 were the three 
driest consecutive years on record. The 
state asked for some soul-searching on 
the matter of water supply and control, 
and a report was prepared. Character¬ 
istic has ]>een the development of flood- 
control reservoirs in the eastern part of 
the state and, elsewhere, the formation 
of watershed associations for conserva¬ 


tion by upstream engineering. Thesi 
watershed developments were based 
not upon knowledge of quantities of 
water that could be placed in the soil 
hut upon public interest which led to 
group organization. Engineers have 
quantitative information (chiefly pres¬ 
ent precipitation and runoff) on sur¬ 
face water but are handicapped by lack 
of information in estimating the quan¬ 
tity of water that may be held under¬ 
ground. 

Burke cited a small-scale example of 
disaster based upon insufficient knowl¬ 
edge. A realty operator in coastal Con¬ 
necticut began to erect some 480 houses 
in a square-mile area. After putting up 
some 80 houses, he wanted to know 
why individual wells for each home 
wore running dry. When the land was 
purchased, there had been no accurate 
information on the availability of 
ground-water supplies. The watershed 
association simply did not have infor¬ 
mation on ground water. The need for 
such information seems vital, particu¬ 
larly in view of the industrial use being 
made of large amounts of water today 
in congested areas. 

Mumford, on the other hand, 
brought up the matter of the disuse of 
local water supplies. In urban areas 
there is a tendency to depend upon a 
centralized supply and to forget the 
enormous amount of ground water that 
was originally available in urban 
areas but now is left to run oiff under¬ 
ground without further use. This was 
discovered during a water famine in 
New York City, when certain astute 
owners dug wells under their buildings 
and used for industrial needs water that 
had been a nuisance up to that time. 
The question, then, is how far it would 
be useful to bring local supplies of 
water into co-operation again rather 
than to reach out farther and farther 
into the countryside for centralized 
supplies. 

Thomas, in writing, replied that 
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many cities that once depended upon 
wells for water supply have been 
forced to develop other sources more 
capable of supplying their needs as 
population and water requirements in¬ 
creased. New York City depended en¬ 
tirely on wells, with increasingly un¬ 
satisfactory results, until its population 
reached 200,000 in 1830. 

Today, of the forty-one cities in the 
United States with populations greater 
than 250,000, only Houston and San 
Antonio, in Texas, and Memphis, Ten¬ 
nessee, obtain their municipal supplies 
from ground water. It is evident that 
pipe lines and stream channels are far 
superior to aquifers for transmission of 
hundreds of millions of gallons of water 
a day to points of concentrated de¬ 
mand. In cities that develop a new 
source of water after a long period of 
overdraft on ground-water supplies, an 
early effect of cessation of pumping is 
to permit replenishment of the depleted 
resource. In Brooklyn, New York, for 
example, overdraft had caused intru¬ 
sion of sea water in the 1930’s, but this 
problem was solved by reduction of 
pumping from wells. As Mumford sug¬ 
gests, several cities now have under¬ 
ground reservoirs, including some that 
have been heavily depleted in the past, 
which could be tapped for additional 
water supplies. Wells could be devel¬ 
oped for emergency use by the city in 
periods of peak demand or for use by 
those who require water of uniform 
temperature or quality. Also, ground- 
water reservoirs in metropolitan areas 
are likely to become of increasing im¬ 
portance in the current trend toward 
dispersal of population and industries, 
because most ground-water reservoirs 
are at their best when called upon to 
supply water to widely dispersed wells. 

Clark asked Mumford about the 
progress being made in re-use of water 
in urban systems (i.e., reclaiming water 
from sewage, from storm drains, etc.) 
and whether the re-use of water from 


such sources promises any solution for 
the problem. Mumford felt that such 
sources were only partial solutions be¬ 
cause of the increasing water famine to 
be expected from the extension of air- 
conditioning. Even with a re-use of 
water, by pumping an air-conditioning 
system, the draft on local supplies is 
tremendous. 

Sauer interjected to remark that Cali¬ 
fornians are beginning to wonder 
whether in their pumping they are no 
longer dealing with recharge but are 
tapping geologic (Pleistocene) water. 
With regard to the mining of water, 
Thomas pointed out that public opin¬ 
ion as found in court decisions is not 
in accord with conservation principles. 
In many states water is not considered 
differently from copper ore or other 
non-rencwablc resources. Where the 
mining of water is actually under way, 
it is unlikely that there will be any 
stoppage through state regulation, 
either by an administrative officer or 
by court decision, unless there is an 
alternate source of supply available. 

Examples of ground-water competi¬ 
tion in North Africa were supplied by 
Huzayyin. At some of the oases in the 
Libyan Dest'rt, deep wells simply draw 
water from adjacent wells and, rather 
than enable the expansion of the culti¬ 
vated area, deprive other wells of their 
source of water. In Algeria new com¬ 
panies, established to create oases of 
cultivated date palms and using mod¬ 
ern methods for obtaining underground 
water, killed off the older oases of poor 
people subsisting on old palm trees 
around the smaller, shallower wells. 

The civilizations of Egypt, India, and 
China were all extremely water-con¬ 
scious and active in water control long 
before the existence of modern Euro¬ 
pean nations or of the industrial revolu¬ 
tion. WiTTFOGEL redressed the balance 
of the discussion by pointing up that in 
China, which prior to the eighteenth 
century had more written literature 
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than the whole of the West, there ex¬ 
isted a water classic, the Shui Ching, 
an account of the country’s rivers and 
canals. In hydraulic civilizations man 
not only manipulates water; he makes 
rivers and lakes. The agronomist F. H. 
King estimated the miles of man-man¬ 
aged watercourses in the Far East and 
perhaps in China alone at fully 200,000 
{Fanners of Forty Centuries^ 1927, p. 
98). King estimated that these water¬ 
courses would be greater in number of 
miles than forty canals across the 
United States from east to west and 
sixty from north to south. Even on the 
modest levels of ancient Indian civiliza¬ 
tion in North America, such as lio- 
hokam in Arizona, men had created im¬ 
pressive irrigation canals. 

Whtfogfl foresaw revolutionary 
changes in the arid parts of the world, 
such as southwestern United States and 
the Sahara, when new developments of 
j:)ower enable salt to be removed from 
st‘a water and the resulting fresh water 
to he brought cheaply to the land. 

CLIMATIC CHANGE 

Evans thought it important to keep 
in view the very critical question of 
change of climate. While he would go 
a long way with Sauer in thinking that 
environmental changes can be inde- 
pendemt of climate, the very discovery 
by the Irish naturalist Dr. Lloyd Krager 
of the Atlantic phase, or postglacial 
climatic optimum, was based upon ma¬ 
rine forms and therefore was independ¬ 
ent of vegetation changes that might 
have been induced by man. Climatic 
change during the time since subsist¬ 
ence economies came into being must 
be taken into account. 

Within recent years and only within 
recent months. Sears added, there has 
been a piling-up of tangible evidence 
of definite climatic change that has 
affected human cultural activities. This 
evidence is substantiated in wonderful 
fashion by carbon-14 dates. For exam¬ 


ple, the Atlantic period, that moist 
period around 3000 b.c. (five thousand 
years ago), shows up very definitely in 
records from areas as widely separate as 
Connecticut and the valley of Mexico. 
Evidence from a variety of sources indi¬ 
cates that, at the present time, the 
regions which are now quite arid have 
been undergoing a period of increased 
hazard, with very little margin of safe¬ 
ty so far as water supply is concerned. 

Coming from an area where climatic 
fluctuations are more significant than 
they arc in some other parts of the 
world, Huzayyin also hoped that in¬ 
creased attention would be given to 
climatic change. He would rather pro¬ 
ceed from the known to the unknown; 
to learn especially about unusual pres¬ 
ent-day climates. Studies of unusual 
drought years or unusual storms will 
give clearer ideas of what happened in 
the past during long phases of drought 
or of pluvial activity. 

WisSMANN felt that Central Asia 
could not be discussed without dealing 
with the question of change of climate. 
Knowledge of this for Inner Asia is 
only at the beginning, though on the 
whole it appears that during the Ice 
Age there was a great shift of tempera¬ 
ture but not a great change in moisture. 
A colder climate makes the available 
moisture more effective for plant 
growth, since less is lost through evapo¬ 
ration. 

The unique historical records of 
China were referred to by Wittfogel, 
who pointed out that since the Shang 
dynasty there has been for over three 
thousand years an uninterrupted flow 
of written records which included de¬ 
tails on climate, droughts, and floods, 
because such facts were of great inter¬ 
est to China’s great agro-managerial 
bureaucracy. Of thirteen thousand ex¬ 
amined oracle texts of the Shang dy¬ 
nasty (1766-1122 B.C.), three hundred 
indicated specific reactions to climate 
which could be placed into the various 
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months; the indications were that by 
1400 B.c. it was slightly warmer and 
more humid than previously. 

Strahler raised the question of 
whether man can change climate. He 
wondered if Albrecht (pp. 654—57) 
was not overenthusiastic in attributing 
fundamental changes in climate to 
man's treatment of soils, specifically the 
development of drought as a result of 
soil tillage and reduction of vegetative 
cover. Strahler had the impression 
that Albrecht was saying that, by rais¬ 
ing the temperature of the air close to 
the ground as a result of exposure of 
the soil, man has actually brought 
about climatic change which somehow 
affects air masses and the interaction 
of fronts and cyclonic disturbances, 
with the result that he has created his 
own deserts. On the other hand, Thom- 
tliwaite, in his chapter (pp. 567-69), 
discounted this verv old theory. What 
man does with the land surface will 
not change climate appreciably. l\eso- 
lution of these conflicting statements 
was not attempted, although Eglf.r, in 
writing, mentioned an aspect of the in¬ 
terrelations of vegetation and climate. 
The influence of deforestation on in¬ 
creasing aridity in temperate regions 
has been the subject of study and of 
speculation for several centuries. Of 
the designed research on this subject- 
in Russia, in western Europe, in North 
America—no definitive results have yet 
been obtainable. In Egler's opinion, 
the situation in the tropics is funda¬ 
mentally different and is well deserving 
of careful research and unprejudiced 
interpretation. Because of high temper¬ 
atures in the tropics, the total range of 
insolation, evaporation, transpiration, 
vapor-pressure deficits, and related 
phenomena is much greater than in 
temperate regions. In the tropics con¬ 
ditions of light, temperature, and mois¬ 
ture between dense forested areas and 
barren wastes can be extremely differ¬ 
ent. This situation is expressed in a 


variety of statements that have ap¬ 
peared in the literature, the significance 
of which Ec^ler did not believe had 
been realized. For example, small low 
islands in the Pacific are known to have 
borne dense serub or forest which has 
been totally destroyed following the in¬ 
troduction and increase of rabbits, pigs, 
or goats. Small sandy islands of this 
type are reported to have “split” a rain¬ 
storm as it approached from the ocean. 
Actually, it is probably extreme radia¬ 
tion from the barren sands that evapo¬ 
rates the rain before it strikes the land. 
On the high islands, clouds passing 
obliquely over valleys and ridges tend 
to persist over forested coves and forest 
plantations but evaporate over an- 
thropically induced savannas and grass¬ 
lands. In the French West Indies it has 
been observed that rain will fall on the 
foix'st on c'ach side of a roadway but 
not on the roadway itself, presumably 
because of the dryness and radiation 
over this roadway. Laymen visiting the 
tropics are astonished at the extreme 
shade and dank coolness within the 
forest in contrast to the dry, scorching 
sunlight of adjacent cleared land. In 
si lort, regardless of what influence veg¬ 
etation may be shown to have, or not 
to have, on regional climate in temper¬ 
ate regions, it was Egler’s opinion 
that the situation in the tropics is 
worthy of additional research that may 
possibly have a very important bearing 
on the practical management of these 
lands. 

mineral resources and 

ENERGY CONTROL 

In introducing the subject of metals 
and minerals, Chairman Bateman re¬ 
called their importance in classical civ¬ 
ilizations. In the country near Colchre, 
the people dug gravels in which were 
found particles of placer gold. These 
gravels were shoveled into a hollowed 
log lined with sheepskins. Water was 
admitted at one end of the log, and, as 
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it ran over the gravels, it carried away 
the lighter material, leaving behind the 
heavier gold particles. The sheepskins 
were removed and shaken to remove 
the gold, but the fint' particles adhered 
to the fleeces, which were hung on 
trees to dry. Thus, in the stoiy of the 
“Golden Fleece,” Jason and his Argo¬ 
nauts represent the first “gold rush” re¬ 
corded in the literature. More impor¬ 
tantly, the silver mines of Laurium up¬ 
held the grandeur of Greece; the de¬ 
cline of Greece coincided with the 
decline of the mines of Laurium. 

Heicheliieim brought out that more 
numerous than the mines which went 
out of use because of the depletion of 
their minerals were cases where a low¬ 
ering in the price of the mineral made 
working a mine unprofitable, even 
though much of the ore remained un¬ 
disturbed. When Alexander conquered 
an enormous part of the world, the 
silver price, which had been a hundred 
and twenty times that of the same unit 
of copper, fell in value by half. Imme¬ 
diately afterward, the famous silver 
mines of Laurium were practically dis¬ 
continued, and silver coinage in Athens 
stopped. The Romans, through their 
conquests of the eastern Mediterra¬ 
nean, so disturbed the caravan roads 
and production that, between 190 and 
180 B.c. or so, the silver price again rose 
to a hundred and twenty times the same 
unit of copper. Immediately, the mines 
of Laurium began to be reworked, and 
tlie second Athenian coinage issue was 
begun, lasting until the silver price 
broke again in the first century b.c. To¬ 
day tliese mines are used for lead, and 
some silver has remained. 

An important conclusion of Ayres's 
chapter is that United States produc¬ 
tion of petroleum will reach a peak at 
approximately 1965 and world produc¬ 
tion at approximately 1985, after which 
production will begin to decline ( cf. p. 
379). Bateman, in writing, could not 
agree with these conclusions or with 
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the charts upon which they were based, 
particularly that of a world production 
peak in 1985. A statistical conclusion is 
generally basc'd upon a^^ailable statisti¬ 
cal data, and premises, in turn, are 
based upon the estimates of others. 
Ayres’s estimate of domestic peak pro¬ 
duction in 1965 is based upon a prob¬ 
able curve that uses a figure of poten¬ 
tial (not proved) United States re¬ 
serves of 90 billion barrels. This is an 
older figure still used by statisticians but 
not generally believed by geologists 
who have followed petroleum-discov¬ 
ery developments in recent years. The 
offshore drilling in the Gulf of Mexico, 
for e»xample, has made a great differ¬ 
ence in estimation of potential reserves 
and geological thinking. Ayres states 
(p. 376): “We have drilled about 150,- 
000 wells in this country.” Actually 
there have been about 450,000 wells 
drilled, and the information available 
from the 450,000 wells is much greater 
than that from the older figure of 150,- 
000. Ayres also states (p. 376) that the 
current rate of drilling is about 10,000 
wells a year, whereas the current rate 
is between 40,000 and 45,000 wells per 
year. In 1954 some 13,000 purely ex¬ 
ploratory holes alone were drilled. De¬ 
spite heavy consumption, proved oil 
reserves have risen from 24 billion to 
over 30 billion barrels in the last four 
years and are still increasing. These 
data indicate a greatly accelerated rate 
of discovery and the building-up of po¬ 
tential reserves and an increasing fund 
of geological knowledge regarding 
petroleum, which, in turn, suggests that 
the period of domestic peak production 
will extend far beyond 1965. 

Similarly, the world production peak 
in all likelihood will be extended well 
beyond 1985. Our geologic knowledge 
is far from complete in areas outside 
the United States. What knowledge 
there is indicates vast potential re¬ 
serves, particularly in the Middle East, 
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where some 250 wells, with an average 
daily production of 5,000 barrels of oil, 
may be contrasted to the United States, 
with around 450,000 wells averaging 
about 13 barrels per day. Large areas 
geologically suitable to contain oil have 
not yet been explored. 

The need of modern industry for 
minerals and fuel has profound inter¬ 
national implications. Bateman em¬ 
phasized that extraction of mineral re¬ 
sources in countries in which there is 
abundance and demand for them by 
countries in which minerals are defi¬ 
cient means the continuance of inter¬ 
national relations. Dependent upon 
mineral resources from distant areas, 
the United States cannot become iso¬ 
lationist. Jones took up one aspect of 
man’s role in changing th(i face of the 
earth which the symposium had not 
discussed, that is, man’s division of the 
world into independent political units. 


Though not the whole story, energy is 
a key factor in the political power of 
states; but all kinds of energy are not 
commensurable or completely substi¬ 
tutable. Curiously, nuclear energy may 
make possible, for better or, more like¬ 
ly, for worse, the dreams of some of the 
aeronautical enthusiasts such as Dou- 
het, Mitchell, and de Seversky. When 
applied to propulsion of aircraft, nu¬ 
clear energy will bring realization of 
unlimited range and virtually unlimited 
destructive power. The hope is that the 
availability of the means will turn this 
politically divided world into a world 
of mutually respectful polecats. Were 
the world a unit, as a scientific meeting 
of this sort tends to consider it, we 
could expect science to supply energy 
where and when needed; but, in real¬ 
ity, ours is a world in apparently per¬ 
manent conflict, and we cannot wait for 
laissez faire discoveries. 



Changes in Biological Communities 

Factors Affecting Population Growth 
The Ecology of Disease 

The Shift from Balance or Equilihrium in the Newer Ecology 
The Direction of Change 


Dr. Marston Bates, Chairman, 
prefaced the discussion with introduc¬ 
tory remarks about the diificidties of 
keeping “Process” separate from “Retro¬ 
spect” and “Prospec t.” He expr{\ssc‘d his 
desire tc3 interpret “changes in biolog¬ 
ical communities” to mean man in rela¬ 
tion to ecological processes. With the 
introduction of the word “ecology,” he 
defined his concepts of what the term 
implies. He preferred the term “natural 
history,” in order that man might be 
seen in relationship with the processes 
of nature, and thought of ecology as 
“skin-out” biology, a de.scriptive term 
to delimit its area of interest. The skin 
is something observable and serves as 
a convenient boundary to separate skin- 
out from skin-in biology. By viewing 
ecology in this manner, we can segre¬ 
gate a constellation of subjects which 
arc [U'imarily concerned with internal 
functioning from those which are pri¬ 
marily ccmcerned with organisms as 
wholes, even though there is really no 
way oi cutting the interconnected web 
of relationships into pieces that are ter¬ 
ribly logical. 

The basic units of skin-out biology 
are of three sorts: the individual, the 
population, and the community. 
Though the individual is perhaps the 
nearest to an objective category among 
the three, even individuals blend when 
a time dimension is added; this renders 


the study of th(' individual meaningful 
onl\' in a rathc'r liniitc'd way. When wo 
studv individuals over time, the web of 
iiitt'rrelationships producing new indi¬ 
viduals is recognized. The emergence 
of the unit of study called “population” 
is one of the most significant aspects of 
skin-out biology. Biologically, popula¬ 
tions can be defined as aggregates of 
similar items that conform to sonic par¬ 
ticular d(*finition. Th(’ concept of pop¬ 
ulation coincidc’s in part with the con¬ 
cept of species. I’he biological species is 
now commonly defined as a population 
of organisms that actually do or have 
the potential to interbreed with one an¬ 
other, separatc^d from other similar pop¬ 
ulations by reproductive barriers of one 
sort or another. The word “population,” 
used for the species as a whole, can 
also be used for parts of the species— 
for populations within political units or 
for those of particular age groups. But, 
in the broad sense of population as spe¬ 
cies, it is found that different popula¬ 
tions are relatc'd to onc' another to make 
up what is called the “biotic com¬ 
munity.” 

In biology a community (or “bioce- 
nosc”) means an aggregation of popu¬ 
lations which have some sort of rela¬ 
tionship to each other—such as a food 
relationship. A human community, in 
the biological sense, then, would com- 
]n isc an aggregate of individuals of the 
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species Homo sapiens together with 
dogs, cats, cows, cockroaches, mice, and 
other animal forms, and the neighbor¬ 
ing tributary areas for plant food, etc. 

Batcs interpreted the problem of 
changes in biological communities to 
be the problem of changes in popula¬ 
tion relationships. Thus we should 
view man as a population or a series of 
populations in a biotic community or in 
a series of biotic communities. How¬ 
ever, rather than to attempt to look at 
the broad biological community, he pre¬ 
ferred to begin the discussion by con¬ 
sidering the question of the process of 
population dynamics of the human .spe¬ 
cies, for example, the relation between 
human densities and disease and dis¬ 
ease control. 

FACTORS AFFECTING POPULA¬ 
TION GROWTH 

Janaki Ammal presented the prob¬ 
lem of India’s rise in population. Over 
the sixty-year period 1891-1951, India’s 
population increased by 122 million, 
though in 1891 the figures included the 
area of present-day Pakistan, and it is 
to be questioned how accurate the cen¬ 
sus was. Upon analysis, it is found that 
between 1891 and 1920 the increase in 
population was only 12 million; from 
1921 to 1930, 27.4 million; from 1931 to 
1940, 37.3 million; and from 1940 to 
1951, 44.1 million. The question is, 
then, what effect such rises in popula¬ 
tion are going to have on world re¬ 
sources, on India itself, on the health of 
the world, and on the ecology of hu¬ 
manity, because today, when the popu¬ 
lation of India is compared with the 
rest of the world, one out of every 
seven persons on the face of the earth 
comes from India. Janaki Ammal 
asked for comment on the direction in 
which a remedy might lie and ex¬ 
pressed her willingness to answer any 
questions on difficulties that India 
might have in putting into action any 
remedy proposed. 


B iologica I Com muni t ies 

Brown opened discussion on the 
problem of the growth of Indian popu¬ 
lation by repeating a remark of the 
demographer Chandrasekaran, who 
said that the rate of population growth 
during the decade^s 1921—31, 1931—41, 
and 1941-51, in his view, could not be 
explained on the basis of any real 
change in village life, such as in public 
health techniques or education, for to 
the best of his knowledge the people in 
the villages today live essentially as 
they did many, many decades ago. 
Why, then, the remarkable rise since 
the early 1920’s? After talking with a 
number of people in India, it seemed 
to Brown quite likely that there have 
been three major contributing factors 
to the growth of India’s population: 
absence of famine conditions, construc¬ 
tion of a railroad system, and the whims 
of climate. 

Of course, India has suffered famine 
after famine. There has been constant 
malnutrition, and on an average of 
every five to ten years the climatic con¬ 
ditions become rough in a particular 
area, wid('n, and lead to a recognized 
famine. Every fifty to one hundred 
years or so, things “gang up,” and 
famines become fantastically large. 

As early as 1819 or so, the ancient 
Indian irrigation system was recon¬ 
structed to allow a major extension of 
irrigation. The really major factor, how¬ 
ever, in accounting for the growth of 
India’s population followed the famine 
of 1880, when a railroad system was in¬ 
stituted, which today extends to the 
point where the service in the whole 
subcontinent has a mile of railroad for 
every 25 square miles of land. The ex¬ 
tension of the railroad system was sig¬ 
nificant, for it meant that, when there 
was a famine in a particular area, food 
could be taken from other regions into 
the area of famine. That in itself, by 
making possible the movement of food, 
contributed enormously to the reduc¬ 
tion of disease. 
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The importance of transportation in 
India in the over-all famine picture 
may be indicated by the example of 
the great Bengal famine of 1943. When 
we read the many papers which were 
written about the Bengal famine, it 
seems rather clear that there was an 
ample supply of food (relative to what 
Indians are used to eating) and that 
the main causes of the famine appear 
to have been a transportation tie-up 
and administrative bungling in connec¬ 
tion with transportation. At the time 
there was a war on, which effectively 
hindered the movement and distribu¬ 
tion of food from other areas of India. 


TABLE 34* 

DroiiGHI's, Floods, and Dkath Ratks 
FOR India per Decade, ihdi 194» 



Number of 

Number of 

Death Rate 

Droughts 

Floods 

per 'Diousand 

1891 1900... 

19 

30 

44 

1901-10. 

19 

11 

43 

1911 40. 

44 

45 

49 

1941-30. 

.5 

1 1 

30 

1931-40. 

5 

10 

31 

1941 49. 

.5 

17 

1 

47 

1 __ 

• From Ind'a 

n Crnsna Report of I'.h’I (Nov 

> Delhi, 


The other factor, which probably has 
nothing important to do with man’s in¬ 
tentional activity, however, is the whim 
of climate. Throughout all India there 
are floods here and droughts there, 
floods in one part and a drought in an¬ 
other part. These catastrophes bring 
about conditions of famine or near¬ 
famine. The record over the years-is ex¬ 
ceedingly interesting, as shown by 
Table 32. 

Several were moved to comment on 
the figures in the table. Some were con¬ 
cerned over drought rates, others were 
skeptical of the rates given for floods, 
and still others questioned the figures 
for the death rates. With regard to the 
figures for drought, Landsberg warned 
against accepting the rates given as 
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anything but a figment of somebody’s 
imagination. Citing a study made of 
rainfall changes in India over the last 
sixty years, he added that in the last 
thirty years the total rainfall has gone 
down rather than up, as the table 
would seem to indicate to some extent. 
Brown commented that he had also 
been curious about that, but the ques¬ 
tion was not one of mean rainfall. In 
India, where the monsoon is depended 
upon, rain either is or is not there. 
Apparently, from the point of view of 
reported drought areas. Table 32 is 
reasonably accurate. Janaki Ammal 
made the point that, according to 
statesmen who have been in charge of 
revenue areas and drought-recording, 
the census of each province has a defi¬ 
nite relation to the income derived 
from the land; therefore, she felt that 
the figures in Table 32 were reliable. 

Though not questioning the figures 
given in the table, Thomas commented 
that “drought” and “flood” are words in 
common usage, not quantitatively de¬ 
fined. A single drought over extensive 
areas may be far more depressing as far 
as the country is concerned than one 
which is broken up into several areas 
and recorded as several droughts scat¬ 
tered over several small areas. 

Brown turned to the whole question 
of fertility as another aspect of Indian 
population growth. When it comes to 
decreasing fertility, economists and so¬ 
ciologists have said that the growth of 
urbanization must be awaited, and, in¬ 
deed, the experience of the West cer¬ 
tainly indicates that. However, a recent 
study, made at the Gokhal Institute 
and sponsored in part by the Rocke¬ 
feller Foundation, of the fertility in the 
Poona area, where it was possible to 
compare the fertility in the rural region 
with that in the urban area, showed 
that there is not the slightest visible in¬ 
dication of a drop in fertility in Indian 
urban areas. Concerning the spread of 
family-limitation techniques. Brown 
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mentioned the study made in the 
Bangalore area and also in New Delhi 
of the success of the application of the 
rhythm method. This study showed 
rather clearly that the rhythm method 
could not be applied by all the people 
or even by a substantially large frac¬ 
tion of them all the time. As for the use 
of chemical means in family-limitation 
techniques. Lady Rama Rau’s organiza¬ 
tion, after spending large sums of 
money and a fantastic amount of effort 
in the village of Badlapur, succeeded 
in persuading twenty-five women from 
a total population of three thousand to 
use a form of biologically effective tab¬ 
let, but even the twenty-five have not 
used it in what could be called a con¬ 
sistent manner. Brown expressed a pes¬ 
simistic view that family-limitation tech¬ 
niques might spread rapidly in India. 

A good part of the resistance to meth¬ 
ods of family limitation lies, of course, 
in the whole cultural pattern. A look 
at the reasons given for not using con¬ 
traceptives shows high on the list a 
concern over not having a child for 
support in one’s old age. To persuade 
somebody not to have children is the 
same as asking a Westerner to tear up 
his insurance and annuities. 

Smith questioned Brown’s comment 
that the railroad system in India was 
the cure to famine, because of the ob¬ 
servation that every organization even¬ 
tually increases up to the limit of its 
food supply. Egypt illumines this ob¬ 
servation. Egypt is in a very acute situ¬ 
ation. It is a place to watch because it 
is a nicely walled-in experiment, with 
the Nile Valley on one side and the 
desert on the other. Egypt shows a de¬ 
cline in the death rate, a decline in 
droughts, and a decline in floods—and 
it has railroads. And, as Brown had 
said, the birth rate remains effective. 
An official report of the Egyptian cabi¬ 
net revealed that between 1929 and 
1953 or 1954, the average intake of 
food by the people of Egypt had gone 
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down 25 per cent. This condition is a 
very tragic and acute illustration of 
what lies ahead if the population of the 
United States, India, Egypt, or any 
place continues to increase. Are there 
any examples of a large body of popu¬ 
lation witb a good food supply over a 
long period of time which has not ap¬ 
proached the limit of that food supply? 
Bates offered Australia, but Osborn 
characterized Australia as a country 
where the population is tending to 
come up to its food supply and vmere 
their exports are threatened. Galdston 
suggested the Scandinavian countries; 
Germany and Belgium also were cited 
as examples. Huzayyin explained that 
the drop of 25 per cent in intake of 
food by the people of Egypt, as men¬ 
tioned by Smith, represented only food 
products within Egypt. Imported food 
was not included in the figures. Al¬ 
though an agricultural country, Egypt 
imports from 20 to 30 million pounds 
of food per year. 

Gourou, in writing, called into ques¬ 
tion the values of death rates as given 
in Table 32. Though they are vraisem- 
blables, they are not very valuable. In 
fact, it is impossible to give values 
other than hypothetical ones for the 
death rate in 1891-1900. Comparisons 
between two estimates, each being dis¬ 
tant from reality by several per cent, 
are not convincing. Thompson also felt 
that the figures given on death rates in 
Table 32 should not be taken too seri¬ 
ously. To show this, he projected birth 
rates as they would be if the death-rate 
figures as given in the table were cor¬ 
rect. If the death rate in the decade 
1891—1900 is correct, then the birth rate 
was about 45 per thousand. In the dec¬ 
ade 1901-10 the population showed a 
rate of increase about 9 per cent; the 
birth rate then would have been about 
52 per thousand. During the next dec¬ 
ade, from 1911 to 1920, there was no 
increase in the birth rate to speak of. 
That was the decade of the great in- 
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fluenza epidemic in which eight million 
died in about three or four months, ac¬ 
cording to the smallest estimates. If the 
death rate for the decade 1921-30 is 
correct, the birth rate must have fallen 
to a bit over 50 per thousand. In the 
decade 1931-40 the birth rate dropped 
to 43 or 44 per thousand; and in the 
last decade, 1941—49, the birth rate was 
down to 40 per thousand. Therefore, it 
can be sejen that the decrease in the 
birth rate as projected from tlie figures 
given for the death rate in Table 32 
reveals the fact that accurate figures 
for the death rate in India are un¬ 
known. Thompson added that the 
figures could not be considered as evi¬ 
dence of a falling birth rate and that he 
did not believe that the birth rate in 
India had fallen. 

Commenting further on the relation 
between urbanization and a decline in 
death rates, Thompson did not think 
that the relation need be accepted as a 
universal rule. Though he was doubtful 
about the ability to reduce the birth 
rate very rapidly in all underdeveloped 
countries, certain changes in contra¬ 
ceptive practices are on the way, and 
it is possible that there might be a very 
marked decline in the birth rate in a 
comparatively short time if there were a 
contraceptive which was absolutely 
certain, which was free, which people 
might obtain, and which was simple to 
use. Nevertheless, whether it is better 
economic conditions, better medical 
practices, or whatever that is respon¬ 
sible for the decline, it is the change in 
the death rate that has been the impor- 
tont thing in the great development of 
world population growth during the 
last two centuries. The birth rate among 
nearly all peoph^s has been high enough 
to produce a very large increase of pop¬ 
ulation with what would be called only 
a moderate death rate, comparable to 
that of 1900 in the United States. If a 
birth rate is in the neighborhood of 40- 
45 per thousand, the death rate could 


g the Face of the Earth 

be lowered under favorable conditions 
to 15 or 16 per thousand within two, 
three, or four decades. 

Northrop made the point of an In¬ 
dian economist that there is no evi¬ 
dence from the study of other societies 
that population is ever cut down by 
birtli-eontrol propaganda or educa¬ 
tion; rather, reduction is taken care of 
by industrialization. This is quite a dif¬ 
ferent thing from the move to cities 
from villages; the heart of the matter 
centers in the ethics of social organi¬ 
zation of the people involved. In cul¬ 
tures that have not emerged with the 
law-of-contract, abstract ethic for or¬ 
ganizing communities, everything tends 
to be family-centered. Filial piety is the 
top social virtue in Chinese culture, in 
Hindu culture, and in most of the so- 
called “primitive*' societies. As was 
noted by Brown, this puts a premium 
on having children to take care of one 
in one's old age. 

What happens when industrialization 
comes in? Technical education is nec- 
6‘ssary to operate an industrial society. 
This means sending the young sons and 
daughters to universities. They meet, 
and they mate on intellectual grounds. 
This breaks them loose from filial piety, 
the marriages no longer being arranged 
by the families, as they were in a 
family-centered ethical society. Then, 
in order to carry on the skills of a tech¬ 
nological industrial society, they have 
to get advanced degrees. When they 
see that they cannot get for their chil¬ 
dren the same kind of education they 
have had if they produce large families, 
the law-of-status society with family- 
centered ethics is automatically broken. 
H(‘re is where just the bringing-in of 
technology, of Western ways of think¬ 
ing about these matters, may serve to 
check population growth in the long 
run. This is the reason why the study 
made in the Poona area, which Brown 
mentioned, that showed no difference 
in birth rates between the village and 
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the city does not prove very much un¬ 
less changes are seen in family habits— 
whether the children have been cap¬ 
tured by a new way of relating them¬ 
selves in marriage, have related them¬ 
selves socially to a law-of-contract con¬ 
stitution, and have acquired technolog¬ 
ical skills. 

TME ECOLCXiY OF DISEASE 

Galdston advanced the point that a 
growth of population can be derived 
from two principal sources—one an ab¬ 
solute increment and the other an in¬ 
crement from survival. In the United 
States, recent increments in population, 
discounting immigration, derive from 
survival. This is an important factor to 
bear in mind. The life-expectancy in the 
United States at birth during the last 
half-century has increased by some 
eighteen to twenty-odd years, but the 
increase is relatively meaningless as far 
as the total health of the total popula¬ 
tion is concerned, for, at forty-five and 
above, life-expectancy is increased by 
little more than a year or two. This has 
an enormous bearing upon the ecolog¬ 
ical picture as far as the composition of 
the community, its medical and custo¬ 
dial services, and as far as its consump¬ 
tion and production are concerned. Un¬ 
less the importance of the change in the 
ecological picture is appreciated and 
unless the disease problem is viewed as 
an ecological problem rather than as a 
specific disease causality with specific 
treatment, medicine will be retarded. 

To illustrate how the increment from 
survival has changed the composition 
of communities, Galdston compared 
the distribution of diseases and the 
deaths resulting in 1900 with the mor¬ 
talities of 1950. In 1900 the dominant 
diseases were tuberculosis, pneumonia, 
the infant diarrheas, typhoid fever, scar¬ 
let fever, and diphtheria. Now, the 
principal ills are cancer, heart disease 
and hypertension, as well as neurologi¬ 
cal disturbances. The interesting thing 
about the two groups of diseases is that 


they cannot really be compared. In the 
case of tuberculosis, the average life- 
expectancy of the tubercular individual 
in 1900 ranged from three to five years. 
Pneumonia, typhoid fever, the diseases 
of children, scarlet fever, etc., claimed 
their victims in short order. Today, 
though a heart-disease victim may die 
suddenly, generally he has anywhere 
from five to ten years of relative disabil¬ 
ity before death, and the cancer patient 
also may have from one to five years of 
so-called “survival."' Thus, the death 
categories of the 1900"s were quick ex¬ 
its, whereas those of today are disabili¬ 
ties drawn out over a decade or more. 
Modem medicine to a large? extent has 
substituted mortality for morbidity; and 
this longer survival rate has serious con¬ 
sequences—political, economic, social, 
and cultural. The spectrum of popula¬ 
tion distribution in most communities 
has been freighted away from the early 
and productive decades into the older 
ones, where people are more likely to 
become dependent and require support 
by others. What to do with the aged of 
a community has become a very acute 
problem. They no longer are contained 
with three-family homesteads to per¬ 
form useful service. Twenty-five per 
cent of new admissions to state institu¬ 
tions are of older people who suflFer 
from depressive states resulting from 
social disorientation and dislocation, 
not because they are so arteriosclerotic 
as to be unable to carry on. We have 
to, after all, orient ourselves to ecology 
—an ecology which in the last analysis 
must have a human, if not humanitar¬ 
ian, implication. The orientation point 
must be taken more or less from human 
needs. Unless medicine really becomes 
other than merely the treatment of dis¬ 
ease, and unless doctors treat the indi¬ 
vidual in the aim of helping him to fill 
effectively his destiny, populations are 
going to be exhausted long before min¬ 
eral or water resources or anything else 
are exhausted. 

With regard to the influence of mod- 



936 


Mans Role in Changing the Face of the Earth 

ern medicine as a factor in the upsurge high or are rising because of the in- 
of population. Banks pointed to the in- creased numbers surviving to adult hfe 
herent urge to survive in man, which and because of the increased health of 
has three major things militating adults in maturity. Some of the drop in 
against it: war, pestilence, and famine, the death rate can be tiaced directly to 
When great pestilences are studied to the control of disease. For example, in 
see what liappened, it will be found looking at the death rate year by year 
that some of them in certain parts of in Ceylon, the year when malaria con- 
the world disappeared of their own ac- trol was effective can be picked out, 
cord, though modern medicine can because the death rate drops by about 
claim to be directly responsible for the half in the year 1947. 
disappearance of others. As for fertility, the British Royal 

Plague disappeared in Britain be- Commission on Population supported 
fore even the cause of it was known; the comment made that there certainly 


it never came back after 1665. It was 
not known tliat it was the rat or the rat 
flea, although the rat was suspected; 
certainly nothing was known about 
plague but its symptoms. The reason 
for its disappearance was a function of 
improving social conditions in its wid¬ 
est sense—the replacement of old brush 
floors by carpets, brought by expanding 
trade, which made it less easy for the 
rat to hide in floors, and the erection of 
Slone buildings instead of wood and 
thatch buildings, etc., after the Great 
Fire of London. Malaria died out in 
England only in the last fifty years, 
and, again, nobody knew why. Steps 
were not taken, and the English did not 
even know its cause, but it died out. 

A turn to the other side of the list 
shows that modern medicine has made 
it possible to stamp out directly a great 
number of diseases: the parasitic dis¬ 
eases, the septic infections, and the in¬ 
sect vectors of disease. Therefore, we 
cannot just generalize about causes for 
the decline of disease; we must take the 
specific disease, the part of the world in 
which it occurs, and the conditions in 
that part of the world. But the decline 
of pestilence, as a result of the opera¬ 
tion of other factors, has made possible 
large population increases and popula¬ 
tion pressures, though it is doubtful 
whether that is the whole story. Is there 
a biological phenomenon at work? 
Birth rates in many countries remain 


has been no decline of fertility in the 
population of England. There has been 
a most dramatic decline in the size of 
family over the last seventy years, but 
fertility is unchanged. 

As a penultimate paradox, so to 
speak, improvement of living condi¬ 
tions is primarily not a medical matter 
but a function of good government in 
its widest sense—the access of wealth 
and its proper use, proper distribution 
of resources, and the like in a country. 

Galdston offered the idea of modem 
medicine that disease is largely a prod¬ 
uct of deprivation, not primarily of 
parasites. The best illustration is pro¬ 
vided by the fact that, concomitantly 
with the deprivation of food among 
Poles and Jews, the incidence of tuber¬ 
culosis rose more acutely among the de¬ 
pressed Jews. Also, in England, many 
neurotic reactions which were present 
in peacetime disappeared when the 
Englishman had something else to oc¬ 
cupy him. It is deprivation that renders 
invalid the generalization that public 
health is re^ly the resultant of good 
government. Good government has 
power, but good government cannot 
really provide those things which have 
a natural limit. When that limit is ap- 
roached, we suffer deprivations, and 
isease becomes inevitable. 

Banks explained that what he meant 
by a solution to the problems of over¬ 
population and food supply was a func- 
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tion of good government, not public 
health at all. He thought the stabi¬ 
lization of population or the reduction 
of births to be a function of improving 
social conditions, quite apart from any 
contraceptive technique. This takes 
very much longer; in England it took 
seventy years. It may take India, or any 
other country, one hundred years. 

Osborn expressed more concern over 
the increase in population in the United 
States than in that of India because of 
the future of the United States as a 
place that can continue to serve the 
world as a whole. How effectively can 
the United States cope with world con¬ 
ditions if there are going to be, as pres¬ 
ent prognostications indicate, 250 to 
300 million people in the United States, 
with their tremendous demands for raw 
materials, social amenities, and educa¬ 
tion? 

Glikson, in referring to the theory of 
Malthus and the Neo-Malthusians of 
the relation of population increase to 
land resources, spoke of the improve¬ 
ment needed in the development of re¬ 
sources in a country as overpopulated 
as India. To provide decent livelihoods 
for such a large population, there is 
still much room for the development of 
the basic economic needs. Improve¬ 
ment must be oriented first of all to¬ 
ward development of resources and not 
toward decrease or control of birth. 

A second comment was on the the¬ 
ory of De Castro that the low quality 
or the lack of proteins in foods seems to 
be responsible for the increase of pop¬ 
ulation. Glikson could not accept the 
theory, but he did feel that, as long as 
people are economically destitute, they 
cannot really be presented with de¬ 
mands for birth control; only when 
their standard of living is raised can 
they be approached as people who are 
responsible for the coming generation 
in the social community. 

Then a number of questions were 
asked regarding the possible effects on 


health of the unprecedented interfer¬ 
ence with natural processes now occur¬ 
ring over large areas of the world. For 
example, to what extent is the balance 
of nature being affected in the whole¬ 
sale destruction of insects? What will 
be the long-term effects of the extensive 
use of antibiotics? How will the disease 
atterns of a population be influenced 
y the intense efforts now being made 
to raise the standards of environmental 
sanitation and of hygiene in general? 
And how important is the contamina¬ 
tion of the air, soil, and water caused 
by the increased use of atomic energy? 

Anderson agreed with the remarks 
by the biologist Dr. H. J. Muller, as re¬ 
ported in the New York Times, that the 
increase of atomic radiation had 
reached a point where it had a predict¬ 
able quantitative increase in the per¬ 
centage of human children that will be 
born as misfits. Anderson did not know 
of any geneticist working in this field 
who did not agree. Debate is not over 
the fact of change but over the differ¬ 
ences in percentage of effect. Murphy 
felt that, without discounting the ef¬ 
fects of radiation, the latest informa¬ 
tion differed from that of Muller and 
his colleagues. The total effect of radia¬ 
tion to date, outside the centers of ex¬ 
plosion, is less per capita than exposure 
to a single X-ray. So far as can be 
judged from human data and from ex¬ 
perimental work on animals of much 
less length of life, the scare aspect has 
been somewhat overdone. 

Bates interjected to say that, though 
he was particularly fascinated by the 
ecology of disease, he was hesitant to 
continue discussion about it, since it 
would lead back into the problem of 
the population spiral. However, dis¬ 
eases are a very curious part of the hu¬ 
man habitat; the way diseases have dis¬ 
appeared without our knowing it makes 
study of them very important. He then 
called on Hitchcock to speak about the 
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work on the distribution of disease by 
the American Geographical Society. 

Hitchcock described the program of 
the Society to map those diseases which 
are able to be mapped on a world-wide 
basis. Under the direction of Dr. 
Jacques May, seventeen maps related 
to various aspects of disease and dis¬ 
ease vectors will have been prepared 
by the end of 1955. A text on the epi¬ 
demiology of various diseases is also in 
preparation, containing information on 
certain aspects which cannot be shown 
on a map, such as the mysterious dis¬ 
appearance of malaria. This project 
shows the importance of thinking in 
terms of maps and the value of using 
them as an aid to discover distributions 
which otherwise might remain un¬ 
noticed. 

THI^ SHIFT FROM BALANCE OR EQUILIB¬ 
RIUM IN THE NEWER ECOLOGY 

By alluding to the idea that man 
lives always in a subclimax sort of 
state—in one that is arrested in its or¬ 
dinary line of succession— Bates re¬ 
turned the discussion to the commu¬ 
nity, the nature of the human habitat 
in relation to climax, and man's inter¬ 
ference with nature. 

Egler regarded climax as equilib¬ 
rium, a steady state, a balance. How¬ 
ever, everyone agrees that change is 
universal—that there are trends and 
tendencies offered in certain directions. 
The peneplain of the geologist is an ex¬ 
cellent example of a concept of a theo¬ 
retical end stage, but no geologist 
would say that the entire world was* 
going to be reduced to a peneplain. It 
is hoped that ecologists also do not con¬ 
sider the end stage of an ecosystem to 
be the best stage. For example, Met- 
tler's Woods, near New Brunswick, 
New Jersey, has been referred to as a 
virgin forest but should not be consid¬ 
ered as an ideal forest. But it is neces¬ 


sary for man to alter the balance of 
nature, and thus the word ‘Tialance” 
means a dynamic balance. 

To show the general implications of 
man's alterations of nature, Egler re¬ 
ferred to the increasing amount of land 
in tlie United States which is being re¬ 
quired for roadsides, railroad rights of 
way, pipe lines, telephone lines, etc. 
Transportation and communication are 
integral parts of the economy, but their 
total demands for land are not often 
considered in their true importance. 
Charles Morrow Wilson, the writer on 
agricultural subjects, has said that the 
acreage in roadsides of the United 
States not including other rights of way 
is equal to the size of the state of 
Georgia, the largest state east of the 
Mississippi. And roadsides and other 
means of communication are going to 
be increased. What is to be done with 
that land? It must be managed, manip¬ 
ulated, and kept down from the final 
end stage. 

Wildlife management, taking into ac¬ 
count another huge amount of land in 
the United States, aims to divert the 
tendency of nature to go off in another 
direction. In forestry, efforts are made 
toward changing the tendency of na¬ 
ture to proceed to climax. Forestry may 
possibly be on the verge of a revolu¬ 
tion in regard to the use of chemicals, 
which would have a selective effect 
upon species, destroying undesirable 
ones but not harming those desirable. 
Within a decade aerial sprays probably 
will be in common use as a reforesta¬ 
tion procedure. In commenting upon 
Egler's alarm at the amount of land re¬ 
quired for transportation, Harris posed 
Ae question whether total productiv¬ 
ity would not decrease if land were 
taken out of transportation. Egler re¬ 
plied that he mentioned the amount of 
land going into transportation only as 
an example of land being changed and 
added that he was alarmed only that 
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certain forces in the United States have 
perverted pubUc pressure to use land 
in a manner which he felt was unwise. 

Graham felt that soil erosion repre¬ 
sented perhaps a heavier impact upon 
the face of the earth than any other 
single process and has been due very 
largely perhaps to the disturbance of 
vegetation. We could take a very bale¬ 
ful point of view with respect to the 
disturbance of vegetation and the re¬ 
sulting problems it has created, such as 
soil erosion, but there is at man’s dis¬ 
posal the tremendous power for re¬ 
creation that exists in natural communi¬ 
ties of plants, whether disturbed by 
man or not. Plant communities do not 
regress or deteriorate as such, for, as 
soon as a disturbance caused by man is 
relaxed, the plant community has a 
tendency to reconstitute itself. This 
process of re-creation occurs not only 
in the grassland of western North 
America (as mentioned by Graham in 
his chapter) but also in the forests of 
eastern North America. A new experi¬ 
ment in the Egyptian desert likewise 
shows this kind of recovery, even where 
land has been grazed for thousands of 
years. The positive force in plant com¬ 
munities, if used wisely, enables man 
to develop and maintain the productive 
capacity of the land. 

Gurtis, in writing, brought out that 
the categorical definition of ecology as 
the study of organisms in relation to 
their environment suffers from the 
weakness of excessive broadness. A 
more useful operational definition 
might be as follows: Ecology is the 
study of material and energy changes 
in biotic communities. This definition 
involves the comparison of efficiency of 
different communities in space and 
changes in efficiency in time as com¬ 
munities develop. It also includes the 
study of the organization of structures 
through which energy and materials 
flow and of the methods whereby that 


organization is maintained. This op¬ 
erational definition is in itself very 
broad and results in confinement of the 
attention of some ecologists to the in¬ 
vestigation of community organization 
(what organisms, how many, how big, 
how arranged in space) and how com¬ 
munities are related to each other. 
Other ecologists study populations of 
single organisms and the environmental 
limits within which they reach levels 
of efficiency sufficient to gain and main¬ 
tain a place in the community. The con¬ 
tribution of ecology to the symposium 
theme is largely to be made in showing 
the effect of man on natural communi¬ 
ties. This effect can be understood only 
when the behavior of non-exploited 
communities is known, and this knowl¬ 
edge is only partly complete, owing to 
the size of the task, the lack of time, 
and the lack of support. 

Several speakers have indicated that 
fires occurred on the grassland, that the 
grassland community was adapted to 
fire, that the fires were set both by men 
and by lightning, and that the man- 
induced fires probably caused the 
grassland to expand into the forest, 
since the forest recovered when fires 
were stopped. To the ecologist, such 
facts are interesting, but the real ques¬ 
tion is not, “Did one community replace 
another under the influence of fire?” 
but, rather, “What changes in material 
and energy transfer are affected by 
such a fire replacement?” Only when 
answers to questions like these are 
known can a value judgment be made 
as to whether replacements are good 
or bad. When the ecologist has learned 
enough about the internal workings of 
communities and especially about their 
ways of maintaining themselves in a 
non-deteriorating condition, he should 
then be able to offer advice on how 
man can substitute artificial communi¬ 
ties for natural ones and still prevent 
degradation. 
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In adding to Curtis’ ideas, Tukey man is man himself—the probJem-solv- 
said that, when commercial economies animal. When man s consciousness 

(through conservation movements, con- enters the evolutionary framework, it 
ferences, etc.) become also subsistence means essentially that the organism 
economics, in the large, by returning which is dealt with is no longer the in¬ 
to the soil enough nitrogen and min- dividual; it is the whole network of 
erals to balance that removed in crops, communications. That part of the hu- 
it will be natural to regard forest and man race which is in communication is 
field as yet another kind of factory—a a single organ in a way that no simple 
factory to which raw materials are biological community is. This, in a 
brought and from which finished prod- sense, is the key to human history. The 
nets are transported. At that time the problem is: Under what circumstances 
relative roles of various kinds of fac- does a problem-solving communica- 
tories as (1) incorporators of energy, tions network go wrong? Historically, 
(2) synthesizers of proteins and other under processes which Boulding had 
building-block materials, and (3) build- called “vicious dynamics,” the commu- 
ers and blenders of tastes and textures nications network occasionally has gone 
will be carefully reconsidered. When it wrong. An arms race is a good example, 
is known more clearly what is wanted in that it is a process in which the at- 
from such factories, then, provided tempt to gain security on the part of 
power (nuclear, solar, or other new each results in insecurity for all. A situ- 
forms) is available at low enough cost, ation is possible in which the solution 
there will be a strong tendency to shift of a problem for one part of an eco- 
at least part of the production off the system creates worse problems for other 
land. How soon such a shift can be- parts. We can never get a system in 
come possible is unclear. (If the human which all parts go from bad to better, 
race is transient enough, this knowledge Even when things as a whole are going 
may never be had.) But if and when from bad to better, some parts of the 
this stage is reached, the ecological re- system are going from bad to worse, 
lation of Homo sapiens to the land may The attempt to create subsystems in 
alter substantially. which all parts go from bad to better 

Bates interpreted Curtis’ remarks can easily create a situation in which 
and those of other conservationists and the whole system goes from bad to 
ecologists to mean that man exists in a worse. Seidenberg felt that man de¬ 
state of disequilibrium, and necessar- served a nobler description than that 
ily so, and asked whether anyone would given by Boulding—a problem-solving 
explore the generalization. animal. He thought man should be 

Boulding thought a useful concep- called a “problem-raising animal.” 
tual framework to express the relation Returning to the notion of balance or 
of man to his biological environment equilibrium in nature, Davis brought 
was a succession of short-run equilib- out that constant shifts of control pre- 
riums. What is encouraging is that man vent dynamic stability. Equilibrium 
is a parasite and that parasitic rela- will never become static. Man may be 
tionships are rather stable; it is mutu- called the agent of shifting, but that is 
ally co-operative or mutually competi- about all that he is. Every seasonal 
tive relationships that are so unstable, condition of the surface of the earth. 
However, when we look at the process now, as well as throughout the Pleisto- 
of change in time as a whole, the factor cene, represents shifts of control. We 
which diflFerentiates an equilibrium cannot evaluate whether a condition is 
with man in it from a system vwthout becoming better or worse, because the 
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dynamics ot the whole universe are 
open to shifts. Bates interjected to ask 
Davis whether ecologists do not have 
to isolate factors. One of the difficulties 
of ecology is that it lacks the use of ex¬ 
perimental methods. Davis replied that 
he imagined that the nearest thing to 
the experimental method in nature is to 
find something in it that is stable long 
enough for a person to live and under¬ 
stand it. Thornthwaite illustrated 
Davis' point with a parable of the play 
Green Pastures, in which *‘de Lawd," 
who is the principal character, ranges 
the earth, passing out fivc-cent cigars, 
organizing fish fries, and passing mira¬ 
cles. The miracles are necessary be¬ 
cause **de Lawd" sees things wrong 
with the world. But one miracle imme¬ 
diately makes two or three other things 
wrong, and so, consequently, he^ always 
has to go on passing miracles. 

Galdston compared the concept of 
equilibrium in ecology with the con¬ 
cept of homeostasis in medicine. The 
principle of homeostasis has recently 
been challenged, because, like the idea 
of ecology pictured as static, homeosta¬ 
sis was conceived of as static. No hu¬ 
man being is ever in constant homeosta¬ 
sis. Homeostasis is but a base line for 
subsequent disequilibrium. 

Egler felt that much of traditional 
ecology is pretty well "on the skids"— 
going out—and it would be rather hard 
to find a strong and powerfully con¬ 
vinced, evangelistic ecologist, even 
though there are some who are thor¬ 
oughly grounded in the old "plant suc¬ 
cession to climax.” There seem to be 
no good lines of evidence, for example, 
to indicate that the United States was 
in a state of virgin climax at the time 
of entry of the white man, who, in fact, 
arrived at an unstable moment. The 
past is not necessarily an indication of 
what the future will bring. 

Glacken was convinced that the idea 
of nature and its history and the ideas 
of Egler and others lay at the basis of 


much of the thinking regarding human 
society and the natursd environment. 
The curious thing is that the newer ex¬ 
pressions, such as disequilibrium, do 
not appear in the ecological literature. 
Perhaps this accounts for the basis for 
some misunderstandings of ecology. He 
asked for comment on his observation. 
Bates replied that, just as physiology 
books were preoccupied with homeo¬ 
stasis and economics books with equilib¬ 
rium, so was there little of these newer 
ideas of constant change in the ecologi¬ 
cal literature. 

THE DIRECTION OF CHANGE 

Brown introduced the point that 
what he sees happening all about is 
that man is more and more living in a 
completely artificial world. This began 
when man first made a tool. We can 
imagine the process accelerating during 
the years ahead to the stage where es¬ 
sentially the whole continent is cov¬ 
ered with concrete and where every¬ 
one's life is based on controlled climate, 
on growing mutations of cows that are 
just globs of protoplasm lying down 
while they are milked. Already there 
are wingless chickens. He asked the 
ecologists what they visualized from the 
point of view of process. Do they vis¬ 
ualize a world in which man lives as a 
part of nature, and, if so, how does he 
live as a part of nature? Osborn an¬ 
swered that, though he was not an ecol¬ 
ogist, he had one observation to make 
—until there were alternatives, the re¬ 
sources and processes of nature would 
have to be used as best they could be. 
A completely artificial environment is 
quite a long way off. Everybody who 
thinks about the use and development 
of natural resources realizes that the 
physical world is constantly and rapid¬ 
ly changing. When time came for a 
cement-paved America, irrespective of 
its social charm, the economists would 
say, "Well, what kind of a life is it, and 
is it worth the price?”—because, for in- 
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stance, water would theoretically have 
to come from the oceans. Eesource con¬ 
servationists hope that natural tools or 
processes will continue to be used as 
effectively as possible. With regard to 
food supply, each country ought to do 
the best it can to protect a given agri¬ 
cultural base, until other sources of 
food can be obtained. It is theoretical 
to say that algae can be used as food 
until some proved practical way of pro¬ 
ducing them can be found, regardless 
of whether they should be desirable as 
food. 

Tax thought that no one should make 
the choice of what kind of world ev¬ 
erybody else ought to live in. What 
must be found is a way to open the 
eyes of everyone in some kind of gen¬ 
eral communication fashion: by con¬ 
ferences leading to books, by the books 
of others, and by any means available, 
so that whatever mistakes occur are 
those made after discussion rather than 
after action of what some people think 
of as selfish interests and others think 
of as inevitable trends which cannot be 
stopped, which none want, but which 
just come. The issue for technicians 
when asked to help is to make clear the 
consequences and to offer the help that 
is ash^^d for under the circumstances. 
Beyond that one cannot go in the mak¬ 
ing of value judgments for other peo¬ 
ple. This probably is one of the reasons 
why conservationists have a strong feel¬ 
ing that, until the answers are really 
known, a judgment should not be 
made that will affect posterity and that 
will be irreversible. 

As an example of the sort of thing 
where ignorance destroys things. Tax 
asked Murphy to relate his story about 
an oyster bed. Murphy described a pro¬ 
posal of some twenty years ago to build 
a bridge across the Lynnhaven River at 
Norfo&, Virginia. A retired biologist, 
upon hearing of the plans to build the 
bridge, wrote to the newspapers, pub¬ 
lished diagrams of the river, ancl in¬ 


sisted in many communications that the 
bridge at the point proposed would be 
the end of the Lynnhaven oyster beds 
in the estuary of the river. No more at¬ 
tention was paid to him than to Cas¬ 
sandra. He was asked by everybody, 
“What do you know about building a 
bridge?’" He replied, ‘T don’t.” The 
bridge was built, and the oyster beds 
were buried under some 20 feet of silt. 
Oystermen say that the Lynnhaven 
oyster now is nothing but a traditional 
name. 

Tukey jDrovided an example of a wise 
use of a resource by mentioning the 
case of a fishery in an inland river or 
lake. To obtain the maximum take of 
fish, the fishery clearly should be oper¬ 
ated witli the fish population rather no¬ 
ticeably below the level that it is when 
the fishery is undisturbed. Therefore, 
when more is known quantitatively 
about other processes, ecologists will 
tell us that nature should be altered, 
but only by a certain amount. 

Recognizing that man is only one 
element in the whole ecological com¬ 
munity, Glikson felt that it is not so 
much the increase in numbers of pop¬ 
ulation which is dangerous as it is the 
lowering of the quality of man which 
appears with increase in numbers. Mass 
culture, for instance, about which so 
much is said, is perhaps one of the con¬ 
sequences of the tremendous increase 
of population. Others are loss of com¬ 
munity coherence, loss of human hap¬ 
piness, and loss of values for life and 
the fact that mass man becomes so eas¬ 
ily the victim of cheap propaganda. 
Glikson reported his meeting in Hol¬ 
land with an ecologist in which their 
talk was about soil conservation and or¬ 
ganic agriculture. The ecologist pointed 
out that two things are implied when 
we speak of soil conservation—the ne¬ 
cessity to conserve natural resources 
and retain the health of the soil and 
the desire for a higher quality of man. 
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Conservation of resources and soil can 
be demanded, but the quality of man 
is something about which very little 
can be said. 

Landsberg, in pondering the ques¬ 
tion of the scale of magnitude in bio¬ 
logical communities and in thinking of 
the changes that have occurred in geo¬ 
logical history, wondered whether an 
analogy could be drawn. At one time 
or another the earth has been popu¬ 
lated by other biological communities 
living in other kinds of environment 
provided by nature. It is entirely pos¬ 


sible that the earth will revert to the 
Tertiary type of conditions, in which 
man as now constituted would be very 
uncomfortable. When things come to 
final stages, everything goes in an ex¬ 
plosive type of fashion. Is the world at 
such a point now? With the present 
armaments race and other things, men¬ 
tioned by Boulding, considerable 
changes in the biological environment 
could be made on very short notice, 
and it might well be that man is just 
going to be an index fossil for the Re¬ 
cent geological age. 



Techniques of Learning: Their 
Limitations and Fit 

Phenomena and Definitions: Two Approaches 

Classification and Measurement 

Learning of Techniques: The Human Element 


In opening the session, Dr. Eixsar 
Anderson, as Chairman, recognized 
that all the participants had come to¬ 
gether because of their interest in in¬ 
terdisciplinary matters. He thought it 
might be profitable with experienced 
representatives of so many different 
disciplines present to attempt an ex¬ 
amination of the methodology of work¬ 
ing between two fields or among three, 
four, or five fields. Interdisciplinary 
thought and research is something 
which cannot be forced very much; 
with money it can be tried, but the 
most effective results have been such 
completely unexpected developments as 
the recent interdisciplinary studies of 
carbon-14. Forcing implies a knowing 
in advance of how things are going to 
fit. 

In the Preface to a volume on mathe¬ 
matical methods in evolution Sir Ron¬ 
ald Fisht ! remarked that biologists and 
mathematicians use their imaginations 
in different ways and gave this illustra¬ 
tion: Sex is one of the main studies of 
biology. But the first thing a mathe¬ 
matician would say about the problem 
would be, ‘1 .et me see, you always have 
two sexes. Sometimes you have just 
one, but usually you have two, never 
more. But what would be the conse¬ 
quences of three sexes, four sexes, five 
sexes, and up to n sexes?” Thus, one of 
the main mathematical techniques—one 


of the ways mathematicians use their 
imagination—is to consider what did 
not happen. Biologists and natural his¬ 
torians seldom use their minds in this 
way, but it is a good way to use them. 
What are the things that do not hap¬ 
pen? In an elementary course Ander¬ 
son said that he sets his students to 
studying three plants common around 
St. Louis. The students then are asked: 
Where are the plants? Where are they 
not? Why are they where they are? 
Why are they not where they are not? 

phenomena and definitions 
TWO approaches 

In the humanities, people seem to 
begin with definitions; in the most 
purely biological of the biological sci¬ 
ences, people seem to begin with phe¬ 
nomena. To be sure, Anderson stated, 
definitions and phenomena are used in 
both branches of knowledge. Perhaps 
the interest in definitions is one of the 
legacies from Scholasticism, while those 
who have learned to use the taxonomic 
method work in chaos but have a very 
good time of it. The thing to do now is 
to think reflectively about the advan¬ 
tages and disadvantages of each. What 
are the disadvantages of not paying 
enough attention to definitions? How 
do we use definitions? From our view¬ 
point are there any dangers in defini¬ 
tions? Do we see nothing but good in 
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them? As one who has had to struggle 
with both definitions and chaos. Dar¬ 
ling was called upon to open the discus¬ 
sion. 

Darling called ecology the most un¬ 
disciplined of the sciences—a new band 
wagon upon which a good many natu¬ 
ralists have jumped. The name does 
sound better than calling our week¬ 
end sport *‘bird-watching.” Ecology, ac¬ 
cording to the classical ecologists, is 
defined as the science of organisms in 
relation to their environment and of the 
interrelationships of organisms and soci¬ 
eties among themselves. This is a splen¬ 
did definition; it is only its interpreta¬ 
tion that begins to be troublesome. Hu¬ 
man ecology has been defined as social 
medicine; Professor Banks of Cam¬ 
bridge, the first professor of human 
ecology in England, was an epidemiol¬ 
ogist to begin with. Geographers, of 
course, are ecologists in their own way. 
Then there are sociologists who call one 
aspect of their field “human ecology.” 
Rightly, there should be no difference 
at all between social anthropology and 
human ecology, yet the former is in¬ 
sufficiently concerned with the phe¬ 
nomena of the organic environment and 
the development of societies in rela¬ 
tion to their environment. But there is 
not a “human” ecology or a “plant” 
ecology or an “animal” ecology. There 
is only one ecology. The problems that 
an ecologist might tackle in the human 
field lean toward social behavior and 
land use; this is really social anthropol¬ 
ogy, but with this much more added: 
a sense of history and of process and a 
recognition of the importance of deal¬ 
ing with the organic environment. 

As a human geographer, Gourou, in 
writing, felt that his view of the rela¬ 
tion between men and environment was 
somewhat different from that of Dar¬ 
ling. The relations between man and 
environment are of interest but of lim¬ 
ited interest. More important are the 
relations between men and environ¬ 


ment. As Sauer has said, man is a do¬ 
mesticated animal, and it is impossible 
to understand the relations between 
men and environment if an importance 
of first rank is not given to the tech¬ 
niques of production and the systems 
of organization of space. From this first 
principle we conclude that “ecology” 
(physical ecology) is a dangerous word 
to apply to human things, because the 
position of men in the environment is 
not exactly the same as the position of 
animals and vegetation. 

1. Men violently modify the environ¬ 
ment. What is, or, more precisely, when 
does there exist, a “natural environ¬ 
ment” for men? It is necessary for hu¬ 
man geographers to have a sound 
knowledge of the physical elements of 
the landscape, but that is not exactly 
ecology. 

2. Men, groups of men, are tied to¬ 
gether by techniques of production and 
of organization of space, and their view 
of the environment is conditioned by 
their organized system of techniques 
(in other words, their civilization). 
Their view of the environment is, in 
large part, a subjective one. Thus each 
civilization has its particular view of 
ecology. For geography, men and en¬ 
vironment are interdependent and in¬ 
separable. 

Jones, in writing, pointed out that 
the discussion at this symposium had 
made clear that separation of “natural” 
and “social” sciences, which survives in 
part because of the traditional organ¬ 
ization of American universities, is non¬ 
existent and should be discarded. Plant 
ecologists have had to consider social 
man as a major factor to explain what 
they have found. They have had to give 
up trying to imagine what the plant 
cover might be if man did not exist. 
But it is even more necessary that so¬ 
cial scientists give up the imaginary 
world in which “nature” does not exist 
or is simply the economist s abstract 
“land.” Though it is risky to employ the 
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concepts of another science, perhaps 
“human ecology” can be clarified by 
the concepts of economics and their 
evolution. Classical economics divided 
the factors of production into land, 
labor, and capital. Land was regarded 
as an essentially inert, static factor. 
Modern civilization is converting land 
into a part of capital. That is, land (or 
“nature*’) is now being looked upon as 
part of the productive equipment, and, 
like any other equipment, it requires 
maintenance. “Nature” is no longer ca¬ 
pable of automatic maintenance at the 
pace of output now required. This 
merging of the concepts of land and 
capital is where the “human ecologist” 
comes in. 

It seemed to Northrop that defini¬ 
tion is the scientific method for han¬ 
dling concepts so that they convey the 
meanings intended. The Aristotelian 
concept of a definition—species, genus, 
etc.—began the science of natural-his¬ 
tory biology. Definition was not lim¬ 
ited to the humanities. But Anderson 
pointed out that the humanists had 
gone one way and the biologists an¬ 
other. If biology and the humanities are 
to come together, it seems necessary to 
understand how those of either side use 
their imaginations. When putting to¬ 
gether different sciences studying the 
relations between man and the earth, a 
problem is encountered, Northrop felt, 
in that all the different sciences have 
introduced certain concepts to account 
for their particular phenomena. First, 
it is nect-ssary to become clear about 
the technical definitions of the phenom¬ 
ena as approached with the conceptual 
apparatus of each of the sciences and, 
second, to find a means of putting these 
different conceptual systems together. 
This is where difficulties in any inter¬ 
disciplinary conference arise, which are 
further complicated if different cultures 
are represented. Each technical scien¬ 
tist’s definition of the words he has used 
has to be brought out into the open; 


then a common terminology with which 
to speak with precision must be found. 
In ecology there is a prodigious num¬ 
ber of variables, but what are the key 
ones? What does the ecologist do when 
he studies the relationships between 
man and environment that is different 
from what an economist does, a histo¬ 
rian does, or a geologist does? What 
are the ecologist’s operational defini¬ 
tions? 

On the virtues and limitations of def¬ 
initions, Seidenberg, in writing, consid¬ 
ered the following logical point to be 
pertinent. Any definition involves other 
terms. The precision of the definition 
will come to depend upon the exact 
limitations, explicit or implicit, inher¬ 
ent in the terms used. But this in turn 
exacts a continuation of the process of 
definition. Theoretically, this is an ad 
infinitum process of chasing one defini¬ 
tion after another in an endless chain 
of definitions. The ultimate dilemma is 
a circularity of expression from which 
there is no escape. How this semantic 
trap is broken is well known and un¬ 
derstood, but its solution depends in 
each instance upon the nature of the 
discipline involved. Nevertheless, its so¬ 
lution depends finally upon some in¬ 
tuitively perceived common ground of 
agreement which is axiomatically ac¬ 
cepted. 

For Anderson a good biological def¬ 
inition was a description of a phenom¬ 
enon approached as a limit. For exam¬ 
ple, genetics did very brilliantly long 
before it knew what a gene was, or 
knew the word, for Mendel discovered 
the main principles without knowing 
that his hypothetical unit was in the 
chromosomes. In taxonomy, also, no one 
can define a species yet. But this mat¬ 
ter of operational definitions seems ex¬ 
tremely important. Jones thought that 
the best operational definition of an 
operational definition appeared in the 
American Scientist some time ago. It 
asked for the definition of “cake.” If we 
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wanted to find a categorical definition, 
we wo\ild look in the dictionary; for an 
operational definition we would look in 
a cookbook. As Alpebt, in writing, 
later pointed out, the phenomenon 
‘"cake” was what, in fact, the baker 
baked, which may differ from the model 
or aspiration. 

Darwin also expressed an admira¬ 
tion for definitions but not for a motive 
that he rc'gardt'd as very exalting. The 
function of definition is to save a lazy 
man the trouble of thinking. Wlien we 
started going to school, we were given 
horrid little questions about three boys 
sharing seventc'cn apples, etc. And, if 
we were innocent, we tric'd all the fig¬ 
ures and finally found the answer. Later 
we were taught algebra and then re¬ 
alized that there was a general system. 
But algebra has no function except to 
.save us a lot of thought. Now the same 
thing probably applies to taxonomy. 
We cannot think about every inscjct, so 
we generalize. The great virtue is that 
it is a lazy opc'ration. 

Davis felt that scientists, in trying to 
be pragmatists, had a common fault. 
Operational definitions are useful as 
means to an end, but a true scientist 
.should not have any end at all. He pre¬ 
ferred to study phenomena whether 
they were useful or not and whether 
his dc^finition was useful or not to some¬ 
one else. 

The operational definition is of such 
extraordinary utility in science that 
Steinbach believed that he did not see 
how we can get along without it. The 
most beautiful example in biology 
comes from genetics, in which the gene 
was originally defined as “a hypotheti¬ 
cal thing which if present would ac¬ 
count for the result.” Then mutation 
was invented, and its definition became 
"a presumed change in a hypothetical 
substance which, if it took place, would 
account for the result.” Operational def¬ 
initions merely are statements with 
which we can work. Usually they are 


dignified by calling them “hypotheses” 
or ‘Tiypothetical constructs.” 

WiTTFOGEL, in writing, thought that, 
if definitions are attempts to describe 
our concepts, then obviously we have 
occupied ourselves with definitions 
since childhood. Man perceives phe¬ 
nomena analytically ( conceptually), 
and he clarifies and stabilizes his con¬ 
cepts by defining thc'in. Definitions as 
verbally fixed concepts are both the re¬ 
sult of previous experiment (and 
thought) and the tools for handling 
new experiences. A scholar who takes 
his work seriously also takes his tools 
seriously; and thus there is a moral as¬ 
pect to definitions. A conscientious 
scholar will establish (and change) his 
definitions with care and will endeavor 
to be consistent in their use. And he 
will ask others to understand his argu¬ 
ments in terms of his definitions, just as 
he will likewise treat the ideas of 
others. Many scholarly writings would 
be clearer and many discussions less 
heated and more productive if those 
concerned were more consistently 
aware of the technical and moral issues 
underlying their efforts. 

The discussion of definitions and 
phenomena was concluded by Ander¬ 
son’s praise of definitions, despite his 
self-characterization as a person to 
whom definitions do not come easily 
and who is impressed with the study of 
phenomena. 

CLA.SSIFICATION AND MEASUREMENT 

Ander.son contrasted the differences 
of natural history and exact science by 
the taxonomic method and the method 
of pointer readings. One of the great 
things that has happened in biology in 
the last two decades has been the in¬ 
troduction of pointer reading. Claude 
Bernard was one of the first to see 
clearly the advantage of isolating out 
of a big, fuzzy problem a factor that 
could be measured—temperatures, dry 
weights, lengths, radiation, etc. What 
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are the advantages and disadvantages 
of these two kinds of work? 

Blumenstock related the results of 
his experience in following a broad 
problem that led to discussions with 
pliysical scientists as well as with hu¬ 
manists. He found that some people 
immediately go to epistemological mat- 
tt'is, while otheis speak of the limita¬ 
tions of their data. For example, a 
physicist speaking about relaxation 
phenomc'iia in gases immediately gave 
some idea of the accuracy of the meas¬ 
urements which form the basis for be¬ 
ing able to say within known degrees 
of probability what happens in a few 
microseconds in a gas undergoing re¬ 
laxation. His next contribution was of 
the time dimension of the system and 
then the objective—what he was trying 
to arrive at—how it fitted in with the 
mechanic aspect of quantum theory, 
etc. What the physicist told about was 
the ‘'size of the net with which he 
catches fish'—the spatial and temporal 
dimensions and the system in which it 
was imbedded. By contrast, a historian 
took a long time to get around to tell¬ 
ing anything about limitations. It did 
not occur to him to make clear that the 
evidence was limited, say, to five manu¬ 
scripts. The limitations of the data have 
to be pried out of social scientists and 
humanists by asking the question. An 
awareness of the limitations of data 
seems to be more in the mode of think¬ 
ing of physical and biological scien¬ 
tists. At the heart of the problem of 
interdisciplinary research is communi¬ 
cation, that is, making clear to one an¬ 
other (1) the limitations of the data, 
(2) the dimensions, and (3) the 
scheme into which the data fit. 

Thomas, in writing, brought out 
that, although scientists are generally 
well aware of the degrees of accuracy 
of data in their specialized fields, and 
therefore of the limitations that should 
apply in the use and interpretation of 
those data, these same scientists are 


likely to be less inhibited in the use of 
data from fields other than their own. 
In particular, the integrators of infor¬ 
mation from a wide variety of special¬ 
ized fields may draw conclusions that 
the originators of that information 
would consider highly speculative. A 
few examples might be drawn from 
statements made in this symposium con¬ 
cerning water. Huzayyin (p. 403) men¬ 
tioned that water levels in wells in a 
certain region had declined 6 feet, 
and this was offered as an indication of 
the effect of deforestation in the past 
several centuries. However, greater 
changes than this have resulted in 
many regions solely from changes of 
climate. If the water table was at rea¬ 
sonably shallow depth below the land 
surface, many species of trees could 
draw upon ground water for their sup¬ 
ply, and the water level in wells might 
have been lower than had the defor- 
c.station not occurred. Curtis (p. 727) 
correlated reduction in forest cover in 
Wisconsin with decrease in total length 
of perennial streams draining the area, 
using data collected in 1935. Hydrolo¬ 
gists quickly recognize that year as one 
following a series of drought years and 
would not choose 1935 for evidence of 
the effects of man on water resources 
because of the difficulty of discrimi¬ 
nating such effects from the natural ef¬ 
fects of drought. 

Being called upon by the Chairman 
to speak about the relation between 
mathematics and the topics discussed 
so far in the symposium, Tukey began 
by saying that mathematics per se did 
not seem to be a tool that was ready to 
be used. There is clearly a place for 
some quantitative thinking; some fields 
are at a place where statistics may help 
a little, but mathematics for a mathe¬ 
matician means more of a formal ab¬ 
stract structure and its uses. This point 
of view was elaborated in terms of four 
deficiencies in so far as the symposium 
discussion was concerned. 
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First, it seemed to Tukey that there 
has been a rather consistent failure to 
treat the systems discussed as compo^ 
nents in larger systems. For example, 
there is no reason to be surprised at the 
notion of Western civilization of an ex¬ 
panding economy. When things are 
changing in the world, whichever group 
thinks in terms of an expanding econ¬ 
omy is likely to be the one that expands 
for the moment. Another example is the 
tendency to look at short time periods 
in and for themselves rather than to re¬ 
late them to longer periods, with more 
consideration for trends, back-and-forth 
swings, and catastrophes. 

The second failure has been that of not 
attempting to use the same sort of con¬ 
cept at different scales in a way that 
the physicist, for example, uses the 
same concepts to discuss both the vejry 
large and the very small. How much of 
the contrast between subsistence and 
commercial economics is a matter of 
scale? Some fairly large sections of the 
world today ought to be comparc'd to 
the small group and the subsistence 
economy. Are there not some concepts 
useful at both scales? Another question 
is: What are the different time scales 
involved, and how many early family 
or village groups destioyed the soil and 
disappeared in a small area before 
other groups learned how to maintain 
a balance in the biological situation 
and stay in existence? Did the discus¬ 
sion about the retreat of villages and 
population decline in fourteenth-cen¬ 
tury Europe mean that man at that 
stage of sociological and technological 
development had reached an ecological 
climax? 

Third, there has been a failure to 
study the balance of forces as such. At 
this point there must be some quantita¬ 
tive thought. Malin (p. 413) brought 
out two examples of grass fires set by 
lightning, saying that there was no need 
of further multiplying examples. For his 
immediate purposes this was true. His 


two cited examples thoroughly and ir¬ 
retrievably destroyed the previously 
expressed view that there were no au¬ 
thentic records of such fires. In the long 
run, however, the collection and quanti¬ 
tative study of many more such exain- 
]^les might teach us about the frequen¬ 
cy of lightning-induced grass fires and 
the relation of this frequency to climate. 
Then we might be able to make much 
better judgments of the importance of 
Indian fires in the North American 
grassland. 

A fourth deficiency has been the fail¬ 
ure to make effective use of closely re¬ 
lat'd but distinct concepts. The physi¬ 
cal scientist seems to have done this 
rather well; in therinodynainics, there 
are not only heat and temperature but 
also various kinds of free energies that 
arc appropriate for dealing with vari¬ 
ous problems. Why, for example, should 
there be only one definition or concept 
of the difference between a city and a 
village? Why not a half-dozen which 
are mutually related? But, when one is 
chosen for use, the reasons for that 
choice are understood. 

Anderson concluded on the subject 
of reflective thinking. One thing he has 
tried to induce in his graduate students 
is productive laziness. Generally speak¬ 
ing, he thought most graduate students 
and productive scholars to be too busy. 
A very brilliant young man had come 
to him; he worked very hard; he was 
always doing something. Like so many 
of us, he had this inherited feeling that, 
if one is happy and having a good time, 
it is not quite right. Rather, one should 
not enjoy one’s self. One is paid to be 
miserable about his lifework; the easy 
thing is not the thing to do. One sum¬ 
mer he presented a list of all the things 
he was going to do in a field study. 
Anderson crossed out the list with a 
blue pencil and wrote to him as follows: 

These are all very good ideas, but IVe 
got something else that is very much more 
important. Every time you get where there 
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is one of these populations of plants. End 
a large. Eat rock, in the shade if necessary; 
sit down upon it for at least Efteen minutes 
by your wrist watch; and do not try to 
think about your clematises. Just think 
what a nice day it is, how pretty the flowers 
are, and the blue skv. Think how lucky you 
are to be doing this kind of work when the 
rest of the world is doing all the awful 
things the\ do not want to do. Just let 
your mind alone. Now I arn not joking. 
Please do this, by the clock if necessary. 

About three weeks later he replied: 
Dear Dr. Anderson: 

I got your letter, and I thought you must 
be joking. But you were so earnest about it 
that I finally went and did it. Now it is 
probably just coincidence, but, when I got 
up from the rocks the first time and started 
down across the hillside, I noticed. . . . 

He had found the key to his problem 
the first time he tried it. 

Then there is the tragic case of the 
student who has since become one of 
the ablest young professors of biology 
of his generation. He has” found out 
something terribly important—people 
in the next century are going to remem¬ 
ber it, Anderson was sure—but it was 
not in the main line of what he thought 
he ought to be studying, and this biolo¬ 
gist has kept himself so busy with de¬ 
tails that he does not know the impor¬ 
tance of his own incidental findings. 

In teaching his students how to look 
at a corn plant, Anderson said that he 
had urged that they lie down in a corn¬ 
field and get an ant’s-eye view of the 
corn. It looks very different when one is 
lying down. Different boys in different 
years gave virtually the same answer: 
that they would feel self-conscious and 
funny lying down in a cornfield just to 
look at a plant. And this is a reflection 
of the peculiar habits we have inherited 
in our civilization that keep us from do¬ 
ing natural and interesting things. Since 
then these students have become suc¬ 
cessful corn-breeders. Anderson has 
been in their dusty fields and has found 


marks that indicated someone had been 
lying down there. They had done it, 
but not in front of him. 

o o « 

I.EAKNING OF TECHNIQUES 
THE HUMAN ELEMENT 

The second half of this discussion 
session was chaired by Dr. Sol Tax, 
who pointed out the ambiguity of the 
title. In addition to the problem of how 
scii'ntists go about learning of environ¬ 
mental phenomena and processes, there 
is also the matter, very relevant to the 
symposium theme, of how people in 
different cultures learn to treat nature 
differently. Certainly, an important part 
of the process of man’s changing the 
face of the earth is what he does and 
why he does it, whether intentional and 
unintentional. Understanding how man 
comes to have the views he does about 
nature—about what is right or fit—and 
how he might come to change his views 
seems critical as the basis for discus¬ 
sion of “Prospect.” Three themes from 
the particularly large subject appear 
particularly relevant. One theme is the 
notion of historical progress. To what 
sorts of prophecies can we apply the 
concept of progress? It is true that we 
do control more energy now than we 
did a century ago or than we did a mil¬ 
lion years ago. We can talk about prog¬ 
ress with respect to the measurable, 
cumulative aspects of culture, such as 
knowledge, science, technology, etc. 
For there is a single scale able to be 
measured, and we can talk about prog¬ 
ress along a scale without indicating 
any value judgment as to whether it is 
good or bad. 

On the other hand, there are non- 
cumulative aspects of culture which we 
all recognize. One aspect is social or¬ 
ganization—the way society is organ¬ 
ized, its patterns of interpersonal be¬ 
havior, etc. It becomes very difficult to 
talk about progress except with refer¬ 
ence to the wider and wider integration 
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of society. We can speak of different 
kinds of social structures, of integra¬ 
tions of people, or of modes of behav¬ 
ing in interpersonal relations, but it is 
more difficult to talk about whether 
they are better and better—the quality 
of the integration of society. Other non- 
cumulative aspects of culture are its 
aesthetic and religious parts and the 
whole problem of values. Obviously, 
with reference to what man has done 
to nature, we can speak of progress 
only in terms of the cumulative aspects 
of culture. 

A second theme for discussion is the 
conservatism of people. It does not mat¬ 
ter whether we think about individuals 
or of a society or a cultural group, be¬ 
cause, more or less, one is related to tlie 
other. With people or culture, distinc¬ 
tions in conservatism must be made*. 
We can talk about conservatism with 
respect to some things but not with re- 
.spect to other things. This question of 
conservatism is somewhat like using the 
word “superstition” to refer to other 
people’s beliefs. Conservatism, on the 
whole, probably amounts to the things 
that other people do not want to do 
that we want them to do. That is, the 
idea of conservatism exists not in 
people but in the attitudes of others to¬ 
ward them. The American Indians may 
here be used as an example, because 
these tribes are supposed to be conserv¬ 
ative as compared to the progressive 
whites. Yet, when we consider that all 
the Indian tribes populated America 
within a limited time, very quickly 
adapting to a thousand different en¬ 
vironments and readapting as they 
moved around, and making many re¬ 
finements in their ecological adjust¬ 
ments, it is very hard to think of them 
as being unchangeable or difficult to 
change. 

The third theme for discussion is the 
integration of culture. The general no¬ 
tion is that there is an integrated whole 
and that everything readjusts when a 


change takes place. Thus, with a change 
in one part of a culture, all sorts of 
unforeseen consequences can be ex¬ 
pected in the rest of the culture. An¬ 
thropologists frequently are accused of 
b(^ing very conservative in this respect, 
saying: “Don’t change anything; don’t 
touch it. You cannot know all the 
changes that will occur. Unpredictable 
changes will occur that, being unfore¬ 
seen, may also be undesirable; there¬ 
fore, go easy.” But there is a real ques¬ 
tion for discussion as to how valid this 
attitude is. Are all the parts of any cul¬ 
ture so interrelated that, if one part 
were touched anywhere, ev^erythiiig 
else would change? 

Whichever of these three themes we 
think of—historical progress, the con- 
.servatism of people, or the integration 
of culture—we are involved in change 
in people and culture. The main thing 
to remember about change, when deal¬ 
ing with human beings, is that man is a 
valuing animal. He wants things, yet the 
things that he wants frequently involve 
doing things that he does not want to 
do. Man always has to make choices 
and decisions. This is what political 
scientists these days call the “decision¬ 
making process.” If we want to see why 
people change or why they will not 
change, we have to see why they make 
the decisions that they do. Man may 
not consciously think out either to do 
something or not do something or to do 
one thing as opposed to another. Every 
human culture, as well as every indi¬ 
vidual, consists of conflicting values. 
Human culture is such that we find it 
difficult to weigh the values. Frequent¬ 
ly we do not know the kind of decision 
we are going to make until we make it. 
After the choice is made, we can in 
retrospect look back and ask why it was 
done as it was. 

The frustration that most people ex¬ 
press when they ask why people be¬ 
have the way they do—it is always 
somebody else, not themselves, of 
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course-results from a lack of under¬ 
standing that people cannot be taught 
or influenced without first learning 
what it is that they basically want to 
do. Now, what people want to do, re¬ 
member, need not be conscious, but. 
nevertheless, it is they, not we, who 
decide what they want to do. The only 
way that purposeful culture change, or 
planning, can be done effectively and 
not be self-defeating occurs when peo¬ 
ple determine their own futures. 

The point is that people make their 
own decisions on the basis of their own 
values rather than on the basis of the 
values that someone else wants to im¬ 
pose. CeiK'rally speaking, we discover 
that force does not really work in the 
long run. We have had enough experi¬ 
ence in colonial and other situations to 
know that for a while it appears as 
though we can impose, but in the long 
run, somehow or other, the people 
bounce hack and do what they want. 

However, this does not mean that 
people are hard to change. It is only 
that they are hard to change in the way 
that someone wants to change them. 

They would not be hard to change in 
a direction that they wanted to go 
themselves. This is particularly true in 
cross-cultural situations. Hard as it is, it 
is much easier for us to have our chil¬ 
dren do what we want, or to have the 
farmers in our own country do what 
we w ant, because we at least share the 
same general values. But, when we deal 
with other cultures, we find it is a real 
impediment, because we do not under¬ 
stand what it is that other cultures 
want. As a matter of fact, we cannot 
simply ask them, for consciously they 
do not know what they want them¬ 
selves. Remember that there are a lot 
ol conflicts within cultures. In order for 
people to change and for their own 
leaders or for anybody outside to help 
them to change, the first prerequisite is 
to learn what they want. 

A personal incident illustrates a dra- 


Fare of the Earth 

matic instance. Among the North Amer¬ 
ican Indians there is a native religion 
whose ceremonial centers around a lit¬ 
tle cactus known as the peyote. Now 
the peyote is frequently thought of by 
white folks as a narcotic or a drug. It 
has a bad name. Missionaries are al¬ 
ways objecting to it, partly because the 
native Indian church has become very 
successful, more Indians joining the na¬ 
tive church than the missionary church¬ 
es. At any rate, although the federal 
government has taken this little cactus 
plant off the narcotics list, some states 
have passed laws prohibiting its sale. 
The Indian church is always in danger; 
it could not go on without that little 
sacrament, pc^yote, which is chc^wed dur¬ 
ing ceremonies. 

It happened that the annual conven¬ 
tion of the national church, attended 
by Indians from all the different tribes, 
was held in Iowa, where Tax had beem 
working with a local group of Indians. 
Because of this contact or association, 
he was invited to come to the national 
convention. It was to be a four-day con¬ 
vention, starting with ordinary meet¬ 
ings and discussion of policy and to 
end on Saturday night with a cere¬ 
mony, at which a large tepee is erected, 
and all sit around a ceremonial fire. 
This latter is a beautiful, impressive, 
and elaborate ceremony that lasts all 
night. Although Tax had only a week’s 
notice, it occurred to him that if a docu¬ 
mentary film of the whole thing were 
made, including the political aspects of 
the meeting and ending with the ritual 
itself, there would exist a public rela¬ 
tions instrument and a defense of this 
as a legitimate church. It could then 
come under our laws of freedom of reli¬ 
gion and not be considered as a wicked 
cult. 

There was but a week’s time and no 
money to make a color-and-sound film. 
The prospect of organizing such a 
thing was rather appalling, but fortu¬ 
nately a young movie-maker at the 
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University of Chicago helped in all 
technical matters. In addition, the Ex¬ 
tension Division of the State University 
of Iowa was able to furnish a sound 
truck, a crew, and the supplies, so that 
all technical problems were solved sur¬ 
prisingly easily and quickly. Arrange¬ 
ments were completed in Iowa City the 
day before the convention was to start. 
There had not been any time to ask any 
Indians of the church whether they 
wanted a movie made, so the motion- 
picture people in Iowa City were told 
that the whole crew should be pre¬ 
pared to come to the meeting only after 
a telephone call that the project had 
been explained to, and had the ap¬ 
proval of, the Indians. 

Tax and his associates were excited 
and enthusiastic at the prospect, for he 
thought it would not be too much 
trouble to convince the Indians that 
this was a very good idea. Since many 
tribes were represented, all speeches 
had to be in Engli.sh; thus Tax could 
both speak and understand the deliber¬ 
ations without any trouble. 

On Thursday, the first day of the 
meeting. Tax explained carefully and 
at length the possible importance to 
the church of the film and the unusual 
good fortune that had made this pos¬ 
sible at no cost. There were questions 
and diseussions at the meeting, and 
there was a night to sleep on it. He 
was optimistic. The next morning the 
discussion resumed, and again he made 
explanations and answered questions. 
He promised that they would help to 
edit the film and that they would have 
to give approval before it would be 
used in any way; the project was en¬ 
tirely up to them. Then followed a very 
interesting session, with speech after 
speech—some in favor of making the 
film and some against it. It became 
clear that everybody thoroughly under¬ 
stood that this film, perhaps to be 
shown as evidence in court, could some 
day establish theirs as a legitimate reli¬ 


gion, with peyote as a sacrament that 
they felt it to be. Otherwise the church 
seemed to them in danger. 

The Tub came in the prospect of film¬ 
ing their sacred ceremony. The ritual 
itself woxild be inevitably disturbed by 
technical problems, but, perhaps more 
important, they could not picture them¬ 
selves engaged in the very personal 
matter of prayer in front of a camera. 
As one after another expressed his 
views, pro and con, the tension height¬ 
ened. To defile a single ritual to save 
the church became the stated issue, and 
none tried to avoid it. Not a person 
argued that perhaps the church was not 
in as great danger as they thought; 
neither was there any suggestion of dis¬ 
trust of Tax. They seemed to accept 
the dilemma as posed as though they 
were acting out a Greek tragedy. As he 
sat in front of the room, together with 
the president of the church, and as he 
listened with fascination to the speech¬ 
es, gradually the realization came that 
they were choosing their integrity over 
their existence. Although these were 
the more politically oriented members 
of the church, they could not sacrifice 
a longed-for and a sacred night of 
prayer. When everyone had spoken, 
the president ro.se and said that, if the 
others wished to have the movie made, 
he had no objections; but then he 
begged to be excused from the cere¬ 
mony. Of course, this ended any pos¬ 
sibility for making the movie; the sense 
of the meeting was clear. 

When it was over, the realization 
seemed to come to the Indians that Tax 
must be hurt. For all his unselfish in¬ 
tentions, high hopes, and hard work, 
his reward had been a clear rebuff. 
They had suffered through their dilem¬ 
ma and had made the painful choice 
that should have relieved their tension, 
but now they realized that their peace 
with themselves had been bought at 
Tax's expense. And so they began pain¬ 
ful speeches to make amends. But, as 
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their decision was being made, it had 
been understood that what had been 
proposed was akin to asking a man to 
deliver his wife to a lecherous creditor 
to save the family from ruin. Tax then 
rose to speak and with genuine sincer- 
ity apologized for having brought so 
painful an issue to them. He had meant 
to be a friend but had hurt them. He 
agreed with their decision, and it 
would be a poor friend, indeed, that 
would resent their deciding an issue 
for their own good simply because it 
was not decided the way someone else 
should want it. 

This story illiistratcis the impossibil¬ 
ity of planning for people instead of 
having them plan for themselves. Of 
course, in the case cited Tax had not 
done any damage. In most cases we are 
not so fortunate to have a clear deci¬ 
sion. What happens is that people do 
only half of what we wish. Then, of 
course, we become disappointed; noth¬ 
ing has come out right, and the people 
get blamed for not doing an obviously 
sensible thing. For example, there was 
one plan—a beautiful plan costing a 
million dollars—which was presented 
by the federal government to a group 
of five hundred Indians in Iowa. It was 
to do all kinds of things: straighten the 
river, this, that, and the other thing. 
The government people could never 
understand why the Indians turned the 
plan down "cold.” They had no notion 
as to why the Indians turned it down, 
but they thought it to be just another 
example of how hopeless the Indians 
are. 

But tht*re is no other way to discover 
what people want and the directions in 
which they will change except by the 
hard way of liaving them make their 
own choices from these very conflicting 
values that nobody can predict. And 
this is what was meant when Tax said 
that people are not conservative at all. 
They are willing to go in a direction, 
but it has to be their own. They only 


appear conservative when they will not 
do what we think is only sensible, but 
no one can possibly weigh the choices 
that another person or another com¬ 
munity has to make. 

The conflict of values in decision¬ 
making places a limit on historical 
progress. It puts a limit on the things 
that people are willing to do in the way 
of technological advances. Values got 
in the way of "obviously rational” goals 
and have always gotten in the way. 
Wliat happens to civilizations is but the 
same process on the long time scale. On 
the short time scale the question is 
posed as to whether a culture is an inte¬ 
grated whole. It is clear that culture is 
integraU'd but not in the mechanistic 
sense that permits an outsider ade¬ 
quately to judge the "fit” of a new item 
or to prc^dict the wavs in which changes 
in one part will affect other parts. A 
culture is, rather, integrated by the acts 
of selection by the people themselves 
after struggling through their value 
conflicts. The very act of choosing r('- 
solves the value conflict publicly, so 
that, for this particular purpose, one 
value' is given precedence over another, 
and the society at large knows that this 
has been done. 

Only the people involved can actual¬ 
ly do that. Such is the difficulty in 
studying humans and in asking them to 
do tilings. 

Smith asked whether Tax had ever 
had an audience with the people who 
are going out to save the world through 
Point 4. Tax replied that not only are 
there differing philosophies involved 
but also there are practical difficulties 
of application. To contact intimately 
the hundreds of thousands of villages 
in India is very difficult. This is so not 
only for us of another culture; even the 
elite, in a country like India which 
wants to change the villages, are only 
somewhat better able than we to pre¬ 
dict what it is the villager wants to do. 
But at least they have a little bit more 
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right to help the people make mistakes 
than we have. 

Even within the small confines of 
Great Britain there is exactly the same 
problem. Darling commented. The 
Highlander does not have a primitive 
culture; he is white in the skin and has 
a vote, and it is not considered proper 
to study him anthropologically. These 
people are treated administratively in 
exactly the same way as are the British¬ 
ers in one of the new satellite towns. 

“Gaeldom” (which was Darling's 
term for the culture) is based primarily 
on subsistence. On the western sea¬ 
board it is up against a very harsh en¬ 
vironment. Darling said that he saw 
very strong resemblances between 
Gaeldom and the culture of the Hopis 
in Arizona, who also are in one of the 
fringe environments for human life. In 
the old days the Gaels had an extreme¬ 
ly conserving type of husbandry. But, 
as soon as it was cut across with the 
ideas of the dominant southern Scots, 
eastern Scots, and the English, that at¬ 
titude of conservation, which was very 
much based on identification with the 
environment, was lost. The terrible acts 
of non-conservation which take place 
once the surface has been broken are 
quite extraordinary. The Highlanders 
are devastating their own environment, 
and they have no feeling for it. To in¬ 
vestigate the failure or breakdown of a 
culture would be a very proper anthro¬ 
pological study. There must be much 
more of this in some of the Micro- 
nesian and Melanesian cultures. 

But, as regards teaching people. 
Western man has the notion that he 
has only to demonstrate how much bet¬ 
ter some scheme is than that being 
practiced and that then the people will 
follow. Well, they do not. They never 
will follow an example because of the 
cultural pressure to avoid becoming 
different. Create one's self different 
within one's culture, and one is in 
trouble. In a simple culture, to become 


different is to lose identification; one is 
in a bad spot. And the Gael knows that 
quite well. He keeps quiet. We show 
him the advantages of a certain type of 
husbandry, and he agrees entirely with 
us. And we say he is as two-faced as he 
can be, because he agrees with us and 
then behind our back docs nothing 
about it. Well, he does agree with us 
that to do what we suggest is a better 
thing; but he does not agree with ns 
that it would be a better thing for him 
within his society. 

Tax, as a good man of science, had 
not been hurt by the end of the experi¬ 
ence that he related; he had merely ac¬ 
cepted the situation. But so many of us 
coming with enthusiasm to suggest 
changes to native cultures are hurt 
when our changes are not accepted. 
Because we are as vain as peacocks, we 
identify ourselves with the thing that 
we are putting over; we like to think 
that we arc the bringers—that we are 
the big men. If they take it from us and 
they accept it, we identify ourselves 
with their success. 

Well, this is an absolutely untenable 
position. In all this kind of thing there 
is no such thing as reward. Our culture 
tends too much to desire rewards. 
There is no reward. If we go to work 
on a culture and do what we think is 
right, giving our whole heart, then we 
must be prepared to be crucified, and 
we must not object; we must accept 
that fact. We do not say, “What on 
earth have you done to us?” And we 
do not turn away and say, “Those 
people are worth nothing; we can do 
nothing with them.” This is part of the 
job. We are pushing something for¬ 
ward; but, if it is not accepted, we re¬ 
tire. In Tax’s case he had the whole 
thing laid before him in a remarkable 
fashion. So few of us ever have that 
opportunity because of the matter of 
language; we are so often not in on the 
decision-making process, and our meth- 



956 Mans Role in Changing the Face of the Earth 


ods of communication are so rarely 
theirs. 

Just as Spoehr had prompted Darling 
to speak, so Osborn urged Gregg to re¬ 
call his valuable experiences in trans¬ 
posing methods from the United States 
to those of other cultures. Gregg said 
that he had made it a rather regular 
rule not to go to a country unless in¬ 
vited. Being very realistic, he recog¬ 
nized that sometimes there were certain 
groups in the country that were respon¬ 
sible for the invitation and that it may 
not have been an entirely unanimous 
affair, but at least his rule prevented 
his going where he would be universal¬ 
ly turned out or unwelcome. He also 
had come to the conclusion that it was 
not morally justified to attempt to im¬ 
prove somebody else simply because, 
from his set of standards, it would be 
an improvement. The experience of 
Tax did not cover the whole picture for 
the reason that Tax had had the grace 
not to expect to be thanked for his oflFer 
to make a motion picture of the holy 
rite. But a great many people who go 
to ‘^improve the heathen" not only are 
furious if they are frustrated in that 
effort but are extremely annoyed that 
they were not thanked for coming. As 
Gregg put it: 

If I were going to do something to other 
people which I think is good for them, it is 
my obligation to be extremely grateful to 
them if they accept what I think is good for 
them, and not the other way around. This 
view changes our existence pretty substan¬ 
tially. We have to have full concurrence 
from the recipient of our largesse or kindli¬ 
ness of spirit. We have to have full concur¬ 
rence on the standards before we can get a 
rod from shore on real co-operation anci real 
help. 

We must realize all the time that, if 
people of another culture let us do 
what we think is good, we owe them 
the debt, and not the other way around. 
One corollary of this is extremely impor¬ 


tant for any work among cultures other 
than our own. It is a profound emotion¬ 
al experience to be among the minority. 
A bit of evidence in the United States 
in that direction is that white doc¬ 
tors who best deal with Negro physi¬ 
cians in our American colleges are 
those who have had the experience of 
being in the minority either in the Near 
East or in the Far East and know what 
it feels like. They can handle the minor¬ 
ity of our Negroes far more wisely, far 
more modestly, and far more skilfully, 
with immense sympathy and identifica¬ 
tion for the minority. 

In his closing remarks Gregg related 
a statement that Thomas Nixon Carver 
once made. There are remarks that 
teachers make which are “howitzer” re¬ 
marks, in the sense that some of them 
go over our head at the time. It oc¬ 
curred in the spring of 1910 during an 
afternoon lecture, and Gregg more or 
less woke up to hear Carver say some¬ 
thing that applies to America as of the 
present day. He said: 

Gentlemen, anyone could essay to write 
a record of the human race in terms of its 
survival of adversity. And there has been 
adversity in three principal forms: epidemic 
disease, war, and inadequate nutrition up 
to the point of famine. Now, gentlemen, 
medicine has made enough headway, so 
that we do not have to be afraid of as many 
epidemic diseases as was the case a hun¬ 
dred years ago. Transportation and com¬ 
munication have made enough headwav, so 
that, aside from the almost incontrollably 
large populations of China and India, no 
river valley in western Europe need fear 
famine, because food can be transported on 
credit relatively cheaply. I do not think that 
the time of warfare as a serious form of ad¬ 
versity has passed [then Carver took off his 
glasses and looked over the class], but I do 
suspect that many of you young gentlemen 
may live to see a time for which neither by 
tradition nor experience are we particularly 
well prepared, because the struggle of the 
future is going to be who will survive pros¬ 
perity, not awersity. We have had a long 
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racial experience on surviving adversity, but 
what do we know about surviving pros¬ 
perity? 

This relates to intercultural relation¬ 
ships, for if we cannot go with the ut¬ 
most self-abnegation and complete 
modesty to cultures other than our 
own, we will save a good deal more 
than boat fare by staying at home. 

Huzayyin was so deeply moved by 
these sagacious exposes of Gregg, Tax, 
and Darling that he sought to add a 
footnote to convey a tradition found in 
the East. Tax had spoken about the 
impact of culture on a horizontal basis 
—the modern American attempting to 
influence the Indian—but in a lateral 
way, since the same generation is in¬ 
volved. Those in the East have a diflFer- 
ent problem, because more often than 
not there is a living past, and the im¬ 
pact has to percolate down. Sometimes 
in certain communities more than one 
cultural generation coexists even in ma¬ 
terial things. The notion of conserva¬ 
tism has been very badly understood. 
It may be thought that the peasant 
community is usually conservative, but 
this is a very superfluous and super¬ 
ficial mental attitude toward the peas¬ 
ant, which, as Tax had said, is really 
based on a misunderstanding. 

For example, the Egyptian peasant, 
as portrayed in the textbooks, espe¬ 
cially of the West, is conservative; he 
lives just as his forefathers used to live 
generations ago. But in reality this no¬ 
tion has no basis whatsoever. In the 
material aspect of life the peasant may 
use a hoe which in its form goes back to 
prehistoric types; use a plow which 
originated in Egypt in the Eighth Dy¬ 
nasty, about the end of the Old King¬ 
dom; use the Archimedes screw as a 
way of lifting water, a technique which 
was introduced in the Greco-Roman 
period; and use at the very same time 
an American truck. All are in coexist¬ 
ence. In the spiritual aspect of life the 


peasant has his ancient Egyptian tradi¬ 
tions and customs, manners, and ritu¬ 
als. When Ghristianity came, it was 
adopted; when Islam came, it was 
adopted; and a good many of the ideas 
have coexisted right through history. 
Even today the Egyptian peasant's con¬ 
ception of Islam finds harmony with his 
idea of Ghristianity and with some of 
the good things which have persisted 
from the early pharaonic period. The 
peasant has been able officially to 
change his religion two or three times 
and not suffer any complexes as a result 
of it. There is really no conservatism. 
Studies by the Institute of Sociology at 
Alexandria University of response by 
communities to the change of mate¬ 
rial culture found that, on the whole, 
institutions which spring from the en¬ 
vironment itself are difficult to change. 
Institutions borrowed from the outside 
are relatively easy to change, but the 
original local institutions evolving in 
the Egyptian's own environment do not 
preclude the introduction from the out¬ 
side world of either the prehistoric hoe 
or the American tractor. There is no 
prejudice about it. The more we learn 
about manners and customs and ways 
of living and see how people behave 
toward change, the more we will begin 
to change our own attitudes about the 
ability of communities to change. 

Particularly in Egypt, Huzayyin 
stated, the people are trying to adapt 
new methods from the West while at 
the same time endeavoring very hard 
not to obliterate their own pattern—to 
preserve what is good in their tradition 
and take what they feel to be good 
from the Western mode of life. They 
do not want, in the history of human¬ 
ity as a whole, to have fragile super¬ 
structures—to have a two- or three¬ 
storied house built in the East and then 
have a Western story built on top, with 
no link whatsoever with what is below. 
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This would not stand; the wind would 
blow it away. It is essential to try to 
integrate the various successive stages 
of civilization and of culture. The West, 
to PIuzayyin’s mind, has siiflFered a 
great deal from the fact that the pat¬ 
tern of social structure in the industrial- 
revolution phase of modern Europe 
was not properly linked with the earlier 
understructure, part of which was bor¬ 
rowed from the East. Christianity came 
from the East; the West still feels the 
conflict, in that the Christian spirit and 
attitude have not been properly fused 
and linked with the new social systems 
of the West brought about as a result 
of tlie industrial revolution. 

The West in its contact with the East 
is not simply making a lateral contact 
in the twentieth century. It is contact¬ 
ing all at once a good many centuries 
of human evolution, all of which are 
part of the human story. 

Tax added, in summary, that the con¬ 


sensus of the session seemed to be that 
a substantial part of the learning has to 
be done by those who would do the 
teaching of techniques to others. It is 
the teachers who could be loss con¬ 
servative by realizing that progress is 
not something that can be handed out 
like lollipops and thereby produce 
gratitude. People or cultures change all 
the time, but new elements such as 
techniques have to be integrated with 
old values. This can be done only by 
the people themselves. 

We seem to learn from this session 
that persons who are involved in com¬ 
munity-development programs should 
create in their minds a device: In any 
situation where they are tempted to 
say, ‘'These people are conservative,” a 
bell should ring. Then the sentence 
should be re-formed: "I am ignorant 
about what these people want.” This is 
especially needful where great cultural 
differences exist. 
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The Time Scale in Human Affairs 

SIR CHARLES G. DARWIN, F.R.S.* 


The purpose of the present note is 
not so much to contribute any facts of 
knowledge as to suggest a point of 
view. There are many things which are 
each of them so familiar to us that we 
never group them together and notice 
that there is a general principle under¬ 
lying them. Yet a generalization may 
illuminate a whole subject, and this it 
may do even though it is mainly by 
providing a name for the common char¬ 
acteristic of the group. It is the aim of 
this note to present such a generaliza¬ 
tion in the hope that it may be useful 
to others, as in fact it has been useful 
to the author. 

In the course of various conversa¬ 
tions I have heard the late Lord Ruth¬ 
erford say that most of the problems 
presented to us by nature could be de¬ 
feated by experiment but that there 
was one thing which would always de¬ 
feat us, and this was time. If a process 
takes a long time, and if no device can 
be found for shortening the time, the 
experimental method will fail. Ruther¬ 
ford was thinking mainly of experi¬ 
ments in physics, but the point seems 
worth generalizing in a wider field. 

Man is now as never before trying to 
take advantage of his rapidly growing 
knowledge of the nature of things in 
order to make all sorts of plans for the 
control and the future development of 


• Dr. Darwin was Tait Professor of Natural 
Philosophy in the University of Edinburgh 
(1922-36) and director of the National Physi¬ 
cal Laboratory (1938—49). He is the author of 
The New Conception of Matter, 1931, and The 
Next Million Years, 1952, as well as of papers 
in mathematical physics. 


the world. For this purpose he is 
guided mainly by the general method 
of science, that is to say, experiments 
and inductions from the experiments; 
and it is a particular diflBculty in the 
application of this method that I am go¬ 
ing to discuss. Much of the experiment 
is concerned with inanimate nature and 
with the lower types of living matter, 
and we know no absolute reason why 
the planning derived from it should 
not be successful; there is even a hope 
that sometimes it may be so. But soon¬ 
er or later the planners run into the ne¬ 
cessity of making plans about humanity 
itself, and at this stage things obviously 
become much more difiBcult. The most 
fundamental difficulty in planning 
about humanity is that the plans must 
then be subjective instead of objective. 
This entirely alters their character; it is 
a tremendous subject calling for deep 
and difficult consideration, but it is not 
the point I want to discuss here. Often 
the plans proposed for the treatment of 
man are formed from the results of ex¬ 
periments on animals or other things 
by regarding him as an example of 
these things; but, even though such 
work can be regarded quite objectively, 
it may still run into a special difficulty 
not found in other experiments. The 
difficulty is related to the time scale, 
and, to make clear what I mean by the 
time scale, I must glance at the gen¬ 
eral subject of scientific experiment. 

LABORATORY EXPERIMENTS 

In most experiments of an engineer- 
ing type a model of the object to be 
.studied is made on a reduced scale. For 
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cixai^iplcf, supposes that a ship is tO bo 
built of 800 -foot length which is to go 
at 2S knots; then a model will be made 
of 20-foot lengthy and this will be towed 
in a model basin. The speed at which 
it is to be towed is not the 25 knots that 
the ship is to have; the speed must be 
altered in scale too, and in the present 
case it would be about 4 knots. This 
speed is fixed by a principle laid down 
by Froude, the first man to study these 
matters, and there is a number, called 
the Froude number, associated with the 
size and the speed, that links the ship 
with the model. So too in the design of 
an airplane which is to fly at some 
given speed a reduced model is made 
for test in a wind tunnel, and here 
again there is a change of wind speed 
appropriate for the test. In this case 
things are made more difficult, because 
the wind should blow faster the smaller 
the model; the appropriate speed is de¬ 
termined not by the Froude number 
but by another one, the Reynolds num¬ 
ber. This number dictates that, if the 
model is half the size of the plane, the 
speed in the tunnel (if the tunnel is 
not pressurized) should be twice the 
speed of real flight; and I may say that 
one of the most formidable diflSculties 
in airplane design is that it is seldom 
possible to get a high enough wind in 
the wind tunnel without running into 
a lot of other troubles I have not men¬ 
tioned. In spite of such diflSculties the 
broad principles are well understood, 
and they signify that a great deal can 
be got out of experiments with models 
but that it is usually necessary to alter 
the speed in the model experiment, that 
is to say, to alter the time scale as well 
as the size scale. 

In the experiments I have described 
so far the time scale is aflFected only 
through changes of speed, and these 
changes may be attainable. However, 
some of the things we want to study 
depend not on speed but on time itself, 
and then everything becomes much 


more difficult. I may take an imaginary 
example. Until recently, at any rate, we 
did not know how to convert ordinary 
carbon into diamonds, but I am going 
to suppose that by our theoretical stud¬ 
ies we had reached the conclusion that, 
if a supply of carbon were encased un¬ 
der some specified high temperature 
and pressure with suitable catalysts for 
not less than two hundred years, then 
on opening the case at the end of that 
time it would be found to contain a 
large diamond. It seems rather unlikely 
that anyone would undertake such an 
experiment. He would probably have 
no confidence that the experiment 
would be kept going steadily for two 
hundred years by his successors, and 
he would also probably have insuffi¬ 
cient interest in a result that he could 
not possibly survive to verify for him¬ 
self. 

Turning now to biological experi¬ 
ments, there is one great difference, be¬ 
cause the size of things is fixed by na¬ 
ture; we cannot make a little model of 
a horse and run it at a reduced speed 
according to its Froude number with a 
view to improving the breed of race 
horses. But sometimes something can 
be done. One of the outstanding con¬ 
tributions to the science of genetics was 
Morgan's choice of the right animal for 
his experiments. Up to that time Men- 
delian researches had made use mostly 
of plants or animals which could pro¬ 
duce only two or three generations a 
year. It was Morgan’s genius that saw 
that the time scale was the enemy and 
that it could be defeated by working 
with an animal, the Drosophila fruit fly, 
which produces a new generation ev¬ 
ery two or three weeks. In consequence 
we now know a great deal about chro¬ 
mosomes, and we can apply much of 
what we have learned from the fruit 
fly to other animals or plants. This has 
of course been a tremendous achieve¬ 
ment, but it cannot be expected that 
everything about a human being can 
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be inferred from an animal as different 
as Drosophila. We must do some of our 
work nearer home, and then at once we 
run again into the difficulty of the time 
scale. So, in working out the scientific 
methods aimed at controlling the fu¬ 
ture destiny of man, we must have very 
close regard to the formidable difficul¬ 
ties presented against our efforts to 
cheat the time scale. 

HUMAN EXPERIMENTS 

I can most quickly make my main 
point by a rather fanciful exaggeration. 
Imagine that both knowledge and op¬ 
erational techniques had so developed 
that it was possible for the ‘‘genetic 
surgeon” to take the germ cell of any 
animal, dissect out from it bits of a 
chromosome which were known to con¬ 
tain deleterious genes, and replace 
them by other more beneficent ones. 
Imagine further that we knew all about 
the chromosomes of humanity, so that 
we could locate in a human germ cell 
all those genes which are going to de¬ 
termine the qualities of the developed 
man. It is most unlikely that anything 
like this will ever be done, but there is 
nothing absolutely impossible about it 
as far as we know. With all this knowl¬ 
edge and technique in his mind, one of 
the leading genetic surgeons decides it 
is time to get to work on improving hu¬ 
manity and that he will do so by pro¬ 
ducing a really great man. He consid¬ 
ers that he knows and can get all the 
necessary chromosome ingredients to 
produce an embryo which will develop 
into whatever may be his ideal: Shake¬ 
speare, Newton, Napoleon, or—let us be 
broadminded, since we cannot foresee 
the political tastes of the surgeon—per¬ 
haps Marx. The surgeon then sets to 
work to compound a germ cell which 
he has good reason to believe has ex¬ 
actly the constitution that Shakespeare's 
had. But now comes the trouble of the 
time factor. It will be forty years or so 
before the germ cell will have devel¬ 


oped into the Shakespeare who will be 
recognized and universally acclaimed 
as a great poet. It is unlikely that the 
surgeon would have developed his full 
skill until he was himself about forty, 
and thus by the time he can verify the 
result of his labors he will be on the 
retired list; very probably he will be 
dead or showing the signs of senility. 
However that may be, he will surely be 
in no condition to profit from his ex¬ 
periment and make a new and im¬ 
proved Shakespeare. 

Thus an essential feature in such bio¬ 
logical experiments of man on man is 
that no individual would be able to 
take advantage of the results of his own 
experiments. This is because there is a 
definite time scale in human affairs— 
the length of the human life, with its 
various stages of development—birth, 
growth, adulthood, and senility—and 
the experimenter is inevitably going at 
the same rate through the same stages 
as the objects of his experiments. Thus 
such experiments are condemned to be 
different in quality from others in the 
sense that no one can himself hope to 
put into practice anything that he 
learns for his experiments. 

I have of course much oversimplified 
things. Thus I have spoken as though 
the surgeon were living in i.solation, 
capable of profiting by his own past ex¬ 
periences but by no one else's. In fact, 
of course, there are hardly any experi¬ 
ments like this one, in which the sur¬ 
geon would do his work and then have 
to wait inactively for forty years for the 
result. Almost always progress consists 
in making small steps, in each of which 
the worker is being helped by the ad¬ 
vice and the criticism of other scien¬ 
tists. This evidently softens the sharp¬ 
ness of the time scale but does not fully 
remove its effects. The advisers and 
critics are themselves also subject to 
the conditioning of their own time 
scales, and, though some of them may 
be twenty or thirty years younger than 



ge6 Mans Role in Changing the Face of the Earth 


the surgeon, there will never be more 
difference than that between them. 
Thus the time scale is to be regarded 
not as a period measured by the exact 
length of a human life but rather as a 
continuous variable. Gradual changes 
will be occurring all the time, but the 
rate at which those changes occur is 
still to be measured on a scale of mag¬ 
nitude corresponding to the length of 
an adult human life, that is to say, forty 
or fifty years. 

The effect of time scale does pervade 
the conditions of human life to a sur¬ 
prising degree. I noted one of its ef¬ 
fects in a most unexpected place. A few 
years ago there appeared an excellent 
book called Elephant Bill, by J. H. Wil¬ 
liams (Hart Davis, 1950), which gives 
an account, not romanticized in any 
way, of the relations of the elephant- 
keepers in Burma to their charges. The 
point comes out that the domesticated 
elephant, because his life is as long as 
a man’s, is unlike any other domesti¬ 
cated animal. A man may get very fond 
of a horse, but the horse will die after 
ten or fifteen years, so that the man 
will have several such horses during his 
life. But the elephant lives for seventy 
years—as long as his mahout—and so 
their relation is quite diflFerent. They 
are not like master and slave, but in¬ 
stead they become friends—or at worst 
they are like master and one of those 
old family retainers whose lifelong de¬ 
votion often becomes such an afiliction 
to his master. It seems rather likely that 
it is not its exceptional intelligence that 
distinguishes the elephant among • do¬ 
mesticated animals as much as it is the 
equality of the elephant’s and the man’s 
time scales. 

There are of course many problems 
about man of the first importance 
which are not subject to the human 
time scale; for instance, this is true of 
much medical work on the cure of dis¬ 
eases. This is because for ordinary dis¬ 
eases it is not the human time scale that 


counts but rather the time scale of the 
bacteria causing the sickness, and this 
scale is measured in days, not in tens 
of years. But there are diseases of a dif¬ 
ferent kind, such as cancer, for which 
the human time scale would seem ap¬ 
propriate, because they especially at¬ 
tack old age; whether this idea would 
be of any value in the actual case of 
cancer research must be doubtful. In 
the same general connection there 
arises the extremely interesting ques¬ 
tion of what mechanism determines the 
rate of the process of aging. What kind 
of clock can be imagined which should 
tell the human body that it is to run 
down after about seventy years? The 
normal rhythms of the human body, 
such as the heartbeat, or the twenty- 
four hours of waking and sleeping, 
seem much too short for it to be any 
cumulation of their effects that can be 
held responsible. However, this is a 
question for the physiologist, and the 
fact of aging has simply to be accepted 
for the purposes of the present argu- 
ment. 

Returning to the example of the ge¬ 
netic surgeon, there is, to borrow a 
metaphor from aeronautics, a sort of 
“sound barrier” in human affairs at sev¬ 
enty years, or rather it would be more 
accurate to say at about forty years of 
active adult life. In any field of science 
an experiment taking ten years may be 
twice as difficult as one taking five 
years; one demanding twenty years 
may be twice as difficult as one de¬ 
manding ten; but in the study of hu¬ 
manity one requiring forty years will 
be immensely more than twice as diffi¬ 
cult as one requiring twenty. It is nec¬ 
essary to remember that, though the 
old saying, T^ractice makes perfect,” 
may be true, yet it is incomplete. 'There 
is no benefit from practice unless the 
practicer can see the results of each of 
his attempts; the observations made by 
a deputy are of little use. An experiment 
concerned with a whole human life 
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necessarily takes a lifetime, and there¬ 
fore the experimenter can himself never 
get the practice which would enable 
him to improve his methods. 

It is a very proper question, then, to 
consider whether methods might be de¬ 
vised which would penetrate the 
“sound barrier.” This requires that the 
target must be something objective 
which will be acceptable to everybody 
without making any call on the per¬ 
sonal experience of the individual. As 
an example from another field, take the 
case of the race horse. Though a man 
may control the brc’c^ding of four or five 
generations of horses during his life¬ 
time, it is not in fact his continuity in 
this personal action that has really im¬ 
proved the breed. The improvement 
has come from the simple fact that cer¬ 
tain horses do win races, a purely ob¬ 
jective standard that has got to be ac¬ 
cepted by all trainers and breeders. 
This objective standard passes on the 
experience of each of them to his suc¬ 
cessors without any difficulty from the 
human time scale. Similarly, in a dairy 
herd the actual yield of milk is an ob¬ 
jective standard that can be accepted 
by anybody, and therefore the human 
time scale need not be the limiting fac¬ 
tor in improving the breed of dairy 
cows. 

Could human affairs be so arranged 
that similar purely objective standards 
would mitigate the difficulties of the 
human time scale? The prospect does 
not seem very encouraging in any of the 
really important things, because it im¬ 
plies objective standards of human val¬ 
ues which will be acceptable over sev¬ 
eral generations of mankind, and all 
past experience suggests that human 
values vary enormously from one gen¬ 
eration to another. There are, it is true, 
many simple matters where such stand¬ 
ards could be applied; for example, the 
high jumper will always have the 
height records of the past to compete 
against, so that in such matters we 
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could be independent of the human 
time scale. But such things do not seem 
very important. Tlie important quali¬ 
ties of man are those of the intellect, 
and it is much harder to see how there 
could bt^ objective standards for the 
highest levels of these that could be 
carried through the generations, so as 
really to control the continuous devel- 
opriK'nt of humanity in some constant 
direction. The nearest thing to the test 
of the race horse that we have is the 
test of the student by examinations in 
the university. Setting aside the point 
that anyone who has conducted such 
examinations knows how unsatisfactory 
they usually arc, the parallel is bad. 
The final aim of the race horse is to 
win races, while the student’s examina¬ 
tion is not a final aim at all but merely 
a test to indicate his probable intellec¬ 
tual capacity. His final test is the suc¬ 
cess of his performance in later life, and 
for that no absolute objective standard 
can be set. So for his really important 
qualities man can never hope to become 
independent of the human time scale. 

FUTURK APPLICATIONS 

The main purpose of this note has 
been to bring out the importance of the 
idea of time scales in general and of the 
exceptional relation that we must in¬ 
evitably have with our own time scale. 
Once this is accepted, the application 
to individual cases becomes really 
rather obvious, and it need only be 
lightly touched on. A natural first ques¬ 
tion is to ask how far past history re¬ 
veals the effect. There is the obvious 
fact that most people are unwilling to 
change their habits, so that ways of life, 
roughly speaking, never change faster 
than at a rate measured in human gen¬ 
erations. In the prescientific age this 
was certainly true, because then devel¬ 
opments always depended on some 
form of craftsmanship, and each crafts¬ 
man was concerned to preserve the 
mysteries of his craft and prevent any 
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changes in it. It might make an inter- 

esting study for the historian of past 

cultures to see whethery even in the 

most rG\eolotiottary pariocls, things did 

not really conform rather exactly to th( 
human time scale. 

In the scientiSc age the same thing 
remains true of the things that can be 
classified as crafts. For instance, schools 
of painting seem to last roughly a gen¬ 
eration, and the changes of style are 
usually brought about by the revolt of 
the young artists against the old, which 
illustrates an effect of the time scale. 
But it is by no means true that the hu¬ 
man time scale has been the controlling 
influence in a great many of the recent 
developments of technology, even in 
cases where progress has chanced to 
be at a rate which was roughly the 
same. For example, it did happen to 
take about a generation for the tele¬ 
phone, from its first invention, to come 
into really wide use; this was not be¬ 
cause of the distaste of the old-fash¬ 
ioned for the innovation but because 
of the enormous elaboration of the tech¬ 
niques required. The technologist is not 
a conservative like the craftsman, and 
he is always trying to cheat the human 
time scale and to accelerate the rate of 
change. Often he succeeds; for instance, 
it was hardly ten years between the first 
experiments on television and the pro¬ 
vision of a full television service in 
London in 1937. But there still remain 
many things in which the scientist can¬ 
not hope to defeat the human time 
scale—for example, in agricultural sci¬ 
ence. Agriculture is inevitably a craft 
as well as a science, and it will be the 
time sc;de of the craftsman-farmer and 
not of the technologist-scientist which 
will finally control the widespread 
adoption of new discoveries in agricul¬ 
ture. No matter what wonderful things 
may be found out in the way of food 
production, it can be regarded as near¬ 
ly certain that it must take two or three 
generations at least before the innova¬ 


tions can play any serious part in wo. 
history. 

One of the crafts that certainly still 
survives is politics. Most people tend 
to form their political opinions between 
the ages of twenty and thirty, but high 
political rank is rarely reached before 
the age of fifty, so that there is practi¬ 
cally always a lag of thirty years be¬ 
tween the growth of political opinion 
and its execution; this is often attrib¬ 
uted by reformers to the wicked stu¬ 
pidity of politicians, whereas in fact it 
is really an almost mechanical result of 
the human time scale. 

One of the most interesting points 
about the human time scale is that 
there is now occurring a real change in 
its length. This is to be attributed to 
the wonderful new developments of 
medical science. In the old days the 
average human life was perhaps fifty 
years, after leaving out of account the 
enormous infantile mortality of those 
times. That is to say, adult life lasted 
about a generation. Now it is more like 
a generation and a half or even two 
generations. This is an important aspect 
of a problem which we often hear dis¬ 
cussed, the problem of our aging pop¬ 
ulation, but it is taken from a rather 
unusual angle. The lengthening of the 
human time scale from thirty to fifty 
years makes a real alteration in the 
character of human life. It is still too 
early to know what the actual conse¬ 
quences will be, but it may be conjec¬ 
tured that changes in world conditions 
will tend to be slowed down by it. In 
so far as man continues to be master of 
his fate, it will be the grandfather more 
than the father who will decide what 
is to happen, and this may go some way 
toward canceling the effects of the pres¬ 
ent increasing rate of scientific discov¬ 
ery. 

Finally, I will touch on what must 
be regarded as the central problem for 
mankind—as I think for all time, but 
certainly for the coming century. It is 
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the menace of world overpopulation. 
All sorts of proposals are being made 
for improving agriculture so as to meet 
the menace and for improving birth 
control so as to prevent it. It is quite 
evident that both these matters are inti¬ 
mately related to the human time scale. 
Thus, whatever may be done in discov¬ 
ering how to make the soil more fertile, 
it is simply out of the question that the 
hundreds of millions of farmers in the 
world could learn it; to get these im¬ 
provements, a single generation is an 
irreducible minimum, and a space of 
three generations is a much more rea¬ 
sonable expectation. Very similar con¬ 
siderations apply even more forcibly 
for the other side of the account, the 
restraint of population increase. So we 
ought to take warning that, however 
alive the experts may be to the menac¬ 


ing condition of the world, it is effec¬ 
tively certain that these things will con¬ 
tinue with their present trends for 
nearly a century; this is so quite apart 
from other threats of disaster, such as 
the approaching exhaustion of some of 
the world’s mineral resources. A con¬ 
sciousness of all this is most sobering, 
but it should be in the mind of every¬ 
one who is laying plans to mitigate the 
menace. It has to be recognized that 
developments in human history have a 
sort of momentum, so that, when they 
are changing in some direction, they 
will tend, in a manner dictated by the 
human time scale, to go on changing 
further in the same direction. This con¬ 
sideration must play an important part 
in any attempts we may make to recast 
the role of man when he is engaged in 
changing the face of the earth. 
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Historiciilly wc know comparatively 
little about tlie changes in the numbers 
of mankind in the different parts of the 
world in the past. Even today there is 
much uncertainty regarding the num¬ 
bers of people living in most of Africa 
and some parts of Asia and Latin Amer¬ 
ica and, hence, regarding the changes 
that may have taken place in their num¬ 
bers during the last century or century 

and a half (Anonymous, 1949-). 

Thus we do not know whether China, 
in the area now governed by the Com¬ 
munists, contains the 582 million plus 
(Anonymous, 1955) which tliey have 
recently announced as the result of their 
first “census,*' or the 450-75 million 
quite commonly claimed during the last 
tliree or four decades, or the still smaller 
number indicated by certain earlier 

® Dr. Thompson was Director of tlie Scripps 
Foundation for Research in Population Prob¬ 
lems at Miami University from its establish¬ 
ment in 1922 until his retirement in 1953. He 
is now Director Emeritus. His publications 
include: Population: A Study in Malthusian¬ 
ism, 1915; Danner Spots in World Popula¬ 
tion, 1929; Population Problems, 1930 (1st ed.) 
and 195.3 (4th ed.); Population and Peace in 
the Pacific, 1946; Plenty of People, 1948 (rev. 
ed.); The Growth and Changes in California s 
Population, 1955; and many articles on various 
aspects of population. He has acted as con¬ 
sultant on various population matters to sev¬ 
eral govemnu ntal agencies, the Bureau of the 
Census, the Natural Resources Planning Board, 
and SCAP in Japan. He has been president 
of the Population Association of America, 
vice-president of tlie International Union for 
the Scientific Study of Population, and vice- 
president of the American Association for the 
Advancement of Science. 


studies like that of Kockhill ( 1905) and 
in the critical examination of Chinese 
data by Willcox (1940, pp. 511—40). 
Hence, even today, we must recognize 
that there may be an error of 100 mil¬ 
lion or more in any estimate of world 
population and that the pattern of 
growth of certain countries in recent 
decades, or even during the past cen¬ 
tury or more, cannot be described with 
any assurance. 

However, this is not the place to dis¬ 
cuss the reasons supporting the belief 
in a particular amount of growth in any 
given population for which reliable data 
are lacking. It will be more useful to 
survey the relatively recent changes in 
population about which we do have 
useful knowledge, although not always 
so reliable as could be desired, and to 
note as well as we are able the social 
and economic conditions associated 
with these demographic changes. In this 
way we may be able to arrive at a rea¬ 
sonably good understanding of the dy¬ 
namics of the changes in the size of 
different populations since about 1800. 
This should enable us to evaluate more 
accurately the probable changes in the 
numbers of people in the different parts 
of the world during the next few dec¬ 
ades. 

In the first place, it may be noted that 
every change in man’s techniques of 
production and every change in social 
organization which affected his ability 
to co-operate with his fellow-men car¬ 
ried in themselves possibilities of pop¬ 
ulation change. If such changes in- 
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creased man’s ability to use his labor 
effectively, they favored an increase in 
his numbers as long as he accepted a 
subsistence, or near-subsistence, level 
of living as his inevitable lot. Periods 
of peace, of widespread commerce, and 
of general prosperity have long been 
recognized as favorable to the increase 
in man’s numbers. If, on the other hand, 
these changes reduced the effectiveness 
with which man applied his labor to 
getting a living, they probably not only 
prevented any appreciable growth in 
numbers but often led to a decrease 
(Gibbon, 1880, III, pp. 262-63; Beloch, 
1886). Thus the domestication of ani¬ 
mals and plants and improvements in 
the cultivation of crops obviously fa¬ 
vored an increase in population. Like¬ 
wise the invention of a social order in 
which greater division of labor became 
possible, or one in which the co-opera¬ 
tion of larger numbers of men to a com¬ 
mon end was developed, tended to 
make life easier and to raise numbers. 
Many other inventions (using this term 
in its broadest sense) also increased 
man's ability to support larger numbers, 
but there must also have been many 
times, such as in the Dark Ages, when 
man lost his techniques and/or the or¬ 
ganization needed to make them effec¬ 
tive and thus also lost his ability to 
support as large a population as had 
existed in the past (Lot, 1953, pp. 55— 
85). 

It is also of importance to realize 
that, even though a more efficient social 
organization and improved methods of 
production have always made possible 
the support of a larger population at 
any given level of living, they have not 
always led to this result. Many inci¬ 
dental and accidental factors have also 
affected the growth of population at 
particular times and in particular 
places. Famines and epidemics have al¬ 
ways been unpredictable. The cultural 
patterns which had much to do with 
determining the birth rates of peoples 
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did not necessarily change as rapidly 
as the techniques of production, nor did 
many of the practices which largely do 
termined the level of infant mortality, 
and thereby had a strong influence on 
the survival rate, change simultaneous¬ 
ly witli changes in techniques. It is 
highly probable, however, that the cul¬ 
tural factors which have operated in th(^ 
past to determine the level of the birth 
rate have been of far less importance 
in effecting differences in rates of 
growth between groups than those so¬ 
cial, economic, and natural conditions 
which determined the death rate. What 
we know about population growth dur¬ 
ing the nineteenth century tends to con¬ 
firm this view. 

Throughout much the larger part of 
the past few thousand years the most 
important factors determining the death 
rate may be summed up in three words: 
disease, hunger (including famine), 
and war. Malthus callc'd these the posi¬ 
tive checks to population growth and 
thought of them as hardships. But these 
factors have never operated independ¬ 
ently of the organization of society, 
although, in the absence of knowledge 
of the cause of disease and because 
hunger was almost always present, with 
actual famine a frequently recurring 
phenomenon, it must have seemed to 
most men in past ages, when they 
thought about such matters, that a high 
death rate—about as high as the birth 
rate—was as natural as the rising of the 
sun and that just as little could be done 
to change the level of the one as the 
rhythm of the other. 

This extremely brief statement of 
some of the general factors associated 
vdth the changes in the size of popula¬ 
tions will have to suffice as an intro¬ 
duction to the description of popula¬ 
tion changes since about 1800, to which 
most of our attention will be directed. 

Very little is known about the size of 
the population of the world as a whole 
in 1800. At that time only a few Ekiro- 
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pean countries had acf.ail.'x 
suscs, and outside of E.n. pe exact data 
were even wore wciid^ey. the census o 
the United States beiim almost unique. 

The two estimates of world popula¬ 
tion in 1800 which arc most commonly 
used today, because they are consid¬ 
ered the best available, are those by 
Walter F. WilJcox (919 million) and by 
A. M. Carr-Saiinders (906 million). It 
will be noted that there are compara¬ 
tively small differences between these 
two world estimates. When broken 
down by continents, the differences be¬ 
tween them for the populations of Eu¬ 
rope and Asia were also negligible, but 
the differences for Africa and Latin 
America, for which data were very 


scanty, were somewhat larger. The ( s 
timatc of Carr-Saunders for the world s 
population by 1850 exceeded that oi 
Willcox by 80 million, all but 5 million 
of which was in Asia. This difference 
will be referred to later. 

Adjusting these estimates of Willcox 
and Carr-Saunders for 1900 to make 
them comparable with the estimates of 
the United Nations for 1920 and later 
years, as has been done by the Division 
of Population of the United Nations in 
Table 33, makes it appear that the pop¬ 
ulation of the world approximately 
doubled between 1800 and 1920—a pe¬ 
riod of a hundred and twenty years. It 
may also be noted in passing that these 
two estimates varied more proportion- 
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EsTIMATKS of VVOIU.I> roPULATION BY REGIONS, 1650-1 0.'JO 


Ebtimatku Population (In Millions) 


Series of Esti¬ 
mates AND Date 

World 

Total 

Africa 

Northern 

Ameri¬ 

ca* 

Latin 

Ameri- 

cat 

Asia 

(ExcludinK 

U.S.S.R.)t 

Europe 

and 

Asiatic 

U.S.S.R.}: 

Oceania 

Area of 
European 
Set tie- 
men l§ 

Willcox’ estimates: II 
1650. 

470 

100 

1 

7 

257 

103 

2 

113 

1750. 

694 

100 

1 

10 

437 

144 

2 

157 

1 800. 

919 

100 

6 

2,3 

595 

193 

2 

224 

1850. 

1,091 

100 

26 

33 

656 

274 

2 

335 

1900. 

1 ,571 

141 

81 

63 

857 

423 

6 

573 

Carr-Saunders’ esti¬ 
mates:# 

1650. 

545 

100 

1 

12 

1 327 

103 

2 

118 

1750. 

728 

95 

1 

11 

475 

144 

2 

158 

1800. 

906 

90 

6 

19 

597 

192 

2 

219 

1850. 

1 ,171 

95 

26 

33 

741 

274 

2 

335 

1900. 

1,608 

120 

81 

63 

915 

42.3 

6 

573 

United X.-itions’ esti¬ 
mates:** 

1920. 

1,8,S4 

136 

115 

92 

997 

485 

9 

701 

19.S0. . _ 

2,008 

155 

134 

no 

1,069 

530 

10 

784 

1940. 

2,216 

177 

144 

1,32 

1,173 

579 

11 

866 

1950. 

2,406 

199 

166 

162 

1,272 

594 

1.3 

935 


* United States, r.-inada, Alaska, St. Pierre, and Miquelon. 

t Central and South .\nierica and Caribl,ean Islands. 

t Estimates lor Asi.m and Europe in VVillcox’s and (*urr-Saunders’ series have been adjusted so ns to include the population 
of the Asiatic II. with that of Eurotie rather than Asia. F'or this purpose, the followinR approximate estimates of the popu¬ 

lation of the Asiatic E'.S.S.K. were used: 16.50, S million; 1760, 4 million; 1800. 5 million; 1850. 8 million; 1900, 88 million. 

H Includes northern .America. Latin America, Europe and the Asiatic U.S..*^.!!., and Oceania. 

II Willcox (1940, p, 4.5). K.stimales for America have been divided between northern America and Latin America bv means of 
detailed figures presenteil ibid., pp. ,87-44. 

4 Carr-Saunders (19.86, p. 48). 

y^*^**^ Nations. Dfmogropkic Yearbook, 19^9-60 (1950). p. 10; and United Nations, “The Past and Future Growth of 
World Population . . . (1951), Table II: the 1940 figures are unpublished estimates of the United Nations. 
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ally for the world, and particularly for 
Asia, as thc^y were extended backward 
to a time when all population data were 
extremely fragmentary and any esti¬ 
mates were necessarily only guesses 
based on what appeared to the esti¬ 
mator as the most reasonable interpre¬ 
tation of the scanty and uncertain data 
available. Thus, according to the esti¬ 
mates of Willcox, the increase in world 
population during the hundred and 
fifty years between 1650 and 1800 was 
about 95 per cent, while Carr-Saunders 
placed it at about 66 per cent. In any 
event, it is quite generally believed to¬ 
day that the population of the world 
was twice as great in 1920 as in 1800 
and that almost two-thirds as many 
people? as lived in the world in 1800 
have been added to it since 1920. 

In considering population growth 
since 1800 in somewhat more detail, it 
will be convenient and instructive to 
divide the period 1800-1950 into two 
subperiods: (1) the nineteenth century 
(1800-1900) and (2) the first half of 
the twentieth century (1900-1950). 

The most significant difference in the 
rates of growth shown in the estimates 
of Willcox and Carr-Saunders for the 
nineteenth century is in the growth of 
Asia's population. A second but less 
important difference is in Africa's popu¬ 
lation growth during this century. As 
regards population changes in Africa, 
Willcox accepted a round 100 million 
in 1800 and made no change in this 
figure for 1850, but for 1900 he used 
the figure 141 million, indicating his 
belief that a rather large increase had 
taken place between 1850 and 1900. 
Carr-Saunders, on the other hand, 
allotted Africa only 90 million in 1800, 
raised it to 95 million in 1850, but to 
only 120 million in 1900. Thus Will- 
cox's estimate for Africa in 1900 was 21 
million, or about one-sixth higher than 
that of Carr-Saunders. The United Na¬ 
tions statistical services were apparent¬ 
ly disposed to accept an approximate 
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average of these two figures, because 
they gave the population of Africa as 
136 million in 1920. 

The most important difference be¬ 
tween these two estimates, as has been 
said, was in the population of Asia in 
1900. Whereas both had accepted a 
figure of approximately 600 million in 
1800, Willcox arrived at an estimate of 
only 857 million in 1900, while Carr- 
Saunders estimated Asia's population 
at 915 million. (Both of these figures 
e xclude the population in U.S.S.R. ter¬ 
ritory from that of Asia.) This differ¬ 
ence, amounting to 58 million, is due 
chiefly to the fact that Willcox did not 
believe the available data justified the 
acceptance of a fairly steady growth of 
population in China during the nine¬ 
teenth century, whereas Carr-Saunders 
did. The writer, who has given some 
attention to the problem of China's 
population, is dispc‘sed to agree with 
Willcox on this point. But the facts 
were, and still are, so unreliable for 
China, for certain other parts of Asia, 
and for much of Africa that it is not 
surprising there should be rather wide 
differences in the estimates of their 
populations by careful students trying 
to make sense of the data available. 

Using these estimates as they stand 
in Table 33, the population of Africa 
increased by only about 40 per cent be¬ 
tween 1800 and 1900 according to Will¬ 
cox and by about 33 per cent according 
to Carr-Saunders, while the population 
of Asia increased by about 44 per cent 
according to Willcox and by about 53 
per cent according to Carr-Saunders. 
On the other hand, the population of 
Europe, regarding which there was no 
significant difference in these estimates, 
increased by approximately 119 per 
cent, while that of the Americas in¬ 
creased by 396 per cent according to 
Willcox and by 476 per cent according 
to Carr-Saunders. Moreover, the entire 
"area of European settlement” in¬ 
creased by about 158 per cent. Even 
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allowing for considerable errors in esti- change in the relative size of popula- 
mates, there can be no reasonable tions in the different parts of the world 
doubt that during the nineteenth cen- was the reduction of the death rate in 
tury the population of European orh the Western world. The evidence for 
gin increased at least three times as this statement will be presented below, 
fast as that having its origin in other But a simple calculation will show that 
continents and may very well have in- a doubling of the world s population in 
creased four tirrjes as fast. This fact of a hundred and twenty years must have 
differential increase among the conti- been a very unusual event during the 
nents and different peoples is one of Christian Era. 

the most significant events of our time If it is assumed that the total popu- 
in helping to understand the dynamics lation of the world was only 100 million 
of modem population change, as will at the beginning of the Christian Era 
be pointed out in more detail below. and that it doubled in each one hun- 
Since 1900 the population of the died and twenty years, it would have 
world has increased about 50 per cent, grown by a.d. 480 to about the level it 
while that of Europe (including that actually attained in 1900, and by a.d. 
of the U.S.S.R. in Asia) has increased 600 it would have been one-half larger 
only about 40 per cent, but that of the than it is today. (Beloch, 1886, has 
"area of European settlement” has in- shown that the population of the 
creased about 63 per cent. The increase Roman Empire alone may well have 
in Asia (excluding the U.S.S.R.) was been 50-60 million at the death of 
about 48 per cent if the United Na- Augustus.) 

tions estimate for 1950 uses Willcox's Actually, the doubling period for the 
estimate for 1900 as the base but only population of the world from the time 
by about 39 per cent if Carr-Saunders' of Christ to a.d. 1800 must have been 
estimate for 1900 is made the base. In five hundred to seven hundred years or 
any event, it is reasonably certain that more rather than the one hundred and 
since 1900 the differential between the twenty years about which we can be 
rate of growth of population in Europe fairly certain since 1800. It would ap- 
and Asia has largely disappeared and pear highly probable that the pattern 
may possibly have been reversed (al- of population growth throughout hu- 
most certainly if the estimates of Com- man history prior to the eighteenth or 
munist China are accepted) and that nineteenth centuries consisted of a suc- 
only the “area of European settlement” cession of periods of increase or de¬ 
outside of Europe still has a somewhat crease interspersed with periods of lit- 
higher rate of growth than Asia and tie or no change in national and local 
ABica. The differentials in growth in populations and with no consistent 
different areas and the changes taking trend in world population over long 
place in tliese differentials will be dis- periods of time. That is to say, the 
cussed in some detail, because any changes in the size of the population of 
assessment of the probable future China, or of India, or of the whole of 
course of population growth must rest Europe during any particular time 
on what we know of the dynamics of (e.g., 200 b.c. to a.d. 200) had no sig- 
the changes that have taken place dur- nificant relation to one another or to 
times. those taking place in the world as a 

There can be no reasonable doubt whole. A particular period of time dur- 
that the most significant change taking ing which India may have suffered so 
|dace around 18^ in the operation of severely from epidemics, famine, and 
the factors which determined the war that its population declined for 
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several eonsecutive decades, or even 
for a century or more, may have wit¬ 
nessed a large increase in China’s popu¬ 
lation. Moreover, the Black Death of 
Europe in the fourteenth century, al¬ 
though it probably came to Europe 
from the Far East, may not have caused 
an equal degree of devastation in the 
latter region, just as it is reasonably 
certain that the world-wide influenza 
epidemic of 1918—19 wrought far less 
havoc in the West, where it seems to 
have originated, than in India, whither 
it was carried. The point of chief inter¬ 
est is that the changes in the dynamic 
factors which determined the growth 
or decline of population have, until 
quite recently, been more or less local 
in their incidence. 

Furthermore, we now know with 
reasonable certainty that the growth or 
decline in the population of a given 
area was in the past determined pri¬ 
marily by the degree of hardship un¬ 
der which the people lived, that is, by 
their death rate. Few peoples have 
ever had birth rates so low that they 
would not have had a fairly high and 
steady rate of increase if their death 
rates had been only moderately high 
according to nineteenth-century Euro¬ 
pean standards. Throughout most of 
human history the death rates of most 
peoples must have been almost as high 
as, and often even higher than, their 
high birth rates, and the changes in the 
numbers of most peoples must have 
followed a wavelike pattern. Almost 
certainly there was never any relative¬ 
ly large and long-continued excess of 
births over deaths over a large part of 
the world such as appears probable in 
several large areas since about 1650 and 
appears almost certain since about 
1750 or 1800. There probably have 
been times in the history of particular 
peoples or empires when there were 
rather large and prolonged periods of 
population growth. Such a period of 
growth appears to have taken place in 


China for some time after 1650, during 
a period under the Manchus of pro¬ 
longed peace and improving husbandry 
(Ta Chen, 1946), and in the Roman 
Empire from about the time of Augus¬ 
tus until about a.d. 200, also a period 
of peace and of the spread of a more 
efficient agriculture and industry. There 
is no evidence, however, that such 
periods witnessed prolonged population 
growth throughout the world, although 
it does appear probable that the growth 
of population in Europe between 1650 
and 1750 (recovery from the Thirty 
Years' War and the beginning of an 
agricultural revolution) coincided with 
the fairly rapid growth of population 
in China just noted and that both arose 
from essentially the same causes, al¬ 
though there was no direct relation 
between growth in these two areas. 

Fortunately we have considerable 
evidence regarding the cause of rela¬ 
tively rapid and steady population 
growth in several countries since 1750 
and especially since 1800. This evi¬ 
dence relates chiefly to countries in 
Western and Northern Europe,^ but 
there is no good reason to believe that 
it is not equally valid for much of the 
remainder of Europe and the areas 
settled by western and northern Euro¬ 
peans. It may also be valid for other 
areas, but the evidence is not conclu¬ 
sive. The chief factor in effecting a 
rather rapid growth of population in 
Europe during this period, as already 
noted, was the mild relaxation of those 
hardships which determined the level 
of the death rate—what Malthus called 
the positive checks to population 

1. The statistical yearbooks of Sweden, Nor¬ 
way, Finland, and Denmark contain data on 
births, deaths, and natural increase in those 
countries since 1750 (Sweden and Finland) 
and since 1800 (Norway and Denmark). The 
statistical annuals of France also contain data 
for the period since 1800. These are all of¬ 
ficial publications, and any volume will con¬ 
tain data for earlier years as well as current 
data. 
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growth. The chief of these positive the necessities of life probably did as 
checks, as already noted, have always much to reduce the death rate as the 
been hunger (including famine and improvement in per capita consump- 
malnutrition) and disease, although at tion in the century from about 1750 to 
times war became a check of major 1850. It is little wonder that our grand- 
importance. But, when war was a ma- mothers and great-grandmothers were 
jor check, it was generally because it fond of saying that “cleanliness is next 
enhanced the hardships arising from to godliness.” 

hunger and disease rather than because There is clear evidence in the vital 
of the actual slaughter of people. statistics of the Scandinavian countries 

The mild relaxation of the positive that, long before smallpox vaccination 
checks was itself due chiefly to the in- became general (Jenner’s discovery 
creased productivity of man’s labor, was established by 1798 but was only 
arising from the improvement in agri- slowly put into practice) and a century 
culture in the first instance and later before the role of bacteria in causing 
from the improved industrial tech- contagious diseases (as shown in Pas- 
niques constituting the industrial revo- teur’s work) was widely known, the 
lution. During the latter part of the death rate was declining slowly, while 
seventeenth century and much of the there is no indication of any definite 
eighteenth there were very significant decline in the birth rate until some dec- 
improv(*ments in tillage practices, in ades later. In England and Wales satis- 
the introduction and wider use of factory vital statistics came much later 
greater-yielding crops, and in animal than in the Scandinavian countries, but, 
breeding. This advance in agricultural when the first census was taken (1801), 
productivity now appears small in com- it was believed by all those especially 
parison with what was achieved during interested in population changes that 
the nineteenth century and thus far in there had been a relatively rapid growth 
the twentieth, but it was sufficient to in numbers during the latter half of the 
support a considerably larger number eighteenth century, and this growth 
of people having a better, a more was attributed to the improvement in 
abundant, and a more certain food sup- the means of subsistence and to the 
ply. As the industrial revolution gath- betterment of the physical environment 
er(*d momentum, it not only produced in the cities as well as in the country 
better tools and implements to aid in villages. When vital statistics first be- 
fiirtlu'r agricultural advance but made came available for all of England and 
possible' the more efficient use of labor Wales in 1838, they showed a signifi- 
in prf)\ iding all other types of goods cantly higher birth rate than death rate 
and ser\ ices. It made po.ssible the re- and continued to do so for over three- 
construction of the filthy and deadly quarters of a century. For the first two 
medieval c ities; it provided better trans"- or three decades of the nation-wide 
portation, so that local shortages of registration of births and deaths an in¬ 
food were loss apt to result in serious crease in the birth rate was noted, but 
famines; and it drew into more produc- some of the most careful students at- 
tive non-agricultural tasks the surplus tribute this increase to a more complete 
of people from the land, so that there registration of births rather than to an 
was less underemployment in agricul- actual increase in the rate (Farr, 1885, 
ture. p. 89). The most significant facts shown 

On the whole, the increase in simple by the first half-century of English vital 
cleanliness which accompanied the mild statistics are the rather steady but slow 
relaxation of the pressure of people for decline in the death rate and the negli- 
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gible change in the birth rate until 
about 1880. In England it would appear 
that the rather widespread but slow 
improvement in living conditions which 
had been taking place since about 1750 
had no appreciable effect on the birth 
rate until after the famous trial, in 
1878, of Bradlaugh and Besant for the 
dissemination of birth-control informa¬ 
tion. 

It is not possible to go into more de¬ 
tail here regarding the population 
changes in other western European 
countries during the nineteenth cen¬ 
tury, but it can be said in general that, 
with a partial exception in the case of 
France, the improvement in living con¬ 
ditions which was taking place resulted 
in a decline in the death rate some dec¬ 
ades before there was any significant 
change in the birth rate, with the result 
that population grew fairly rapidly and 
far more steadily than in any known 
past. 

In the New World and particularly 
in North America after the early days 
of settlement, the excess of births over 
deaths, as shown by the increase in 
population, was so great that there 
could be no doubt of a significant de¬ 
cline in the death rate due to the rela¬ 
tive abundance of land and the conse¬ 
quent ease of securing a sufficiency of 
the necessities of life, or of a significant 
rise in the birth rate, or of both of 
these changes. It was literally true that, 
where good land was available cheap¬ 
ly, or even free, “every mouth was ac¬ 
companied by a pair of hands to feed 
it.” For several generations the migrants 
to the New World and their descend¬ 
ants increased in numbers so rapidly 
that there is reason to believe they had 
significantly higher birth rates than the 
people in the countries from which they 
came (Thompson and Whelpton, 1933, 
chaps, vii, viii, ix). If there was a sub¬ 
stantial increase in the birth rate among 
the people settling in the New World, 
it was probably due chiefly to the mar¬ 


riage earlier than was customary in 
Europe of a larger proportion of the 
women. In 1751 Benjamin Franklin 
wrote: “For People increase in Propor¬ 
tion to the Number of Marriages, and 
that is greater in Proportion to the Ease 
and Convenience of supporting a Fam¬ 
ily. When Families can be easily sup¬ 
ported, more Persons marry, and earlier 
in Life.” He was certain that this was 
what was happening in the North 
American colonies (1907, III, 63-73). 

In any event, there probably was no 
period, from the time when the first 
European settlements became firmly 
established until after 1860, when the 
natural increase in North America was 
less than 2.5 per cent per annum; most 
of the time it was probably nearer 3 
per cent. 

What the experience of the Western 
world as regards population growth 
during the nineteenth century has 
shown us can be summed up briefly in 
three statements: (1) When improve¬ 
ments in the processes of production 
led to somewhat enlarged per capita 
consumption, or when there was an 
abundance of new and fertile land 
available, thus easing the positive 
checks, the death rate declined, and 
most of this decline (before 1900) oc¬ 
curred in spite of an almost total lack 
of knowledge regarding the nature of 
disease and the methods for its control. 
(2) The increase in per capita con¬ 
sumption had little or no effect on the 
birth rate for several decades after the 
death rate began to decline (in the case 
of England and Wales, almost certainly 
somewhat more than a century). (3) 
Although the relaxation of the hard¬ 
ships determining the death rate was 
not entirely confined to Western and 
Northern Europe and the areas settled 
by people from these areas, these 
peoples profited most by the improve¬ 
ment in level of living, as will be noted 
in a moment, because many circum- 
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stances led to an unprecedentedly rapid 
economic development among them. 

Two points encouraging this rapid 
economic development in the West will 
be emphasized here; (a) The Euro¬ 
pean peoples, through actual settle¬ 
ment, were able to exploit vast areas 
of new land and, through extension of 
the colonial system, were able to inten¬ 
sify the exploitation of other large 
areas. In either case, for all practical 
purposes the area and the resources of 
Western Europe were very rapidly and 
greatly increased during the nineteenth 
century, (b) The industrial revolution, 
which may be defined as the applica¬ 
tion of science to production, pro¬ 
ceeded so rapidly in this larger resource 
area tliat per capita production grew 
steadily, in spite of the unusually 
steady and rapid population increase. 

The net eJEect of the large decline in 
the death rate during the nineteenth 
century in the area of European settle¬ 
ment, coupled with a relatively small 
decline in the birth rate, was that, by 
1000, Europe itself (including Asiatic 
U.S.S.R.) contained over 26 per cent of 
the world’s population as compared 
with about 21 per cent in 1800, while 
the whole area of European settlement 
grew from about 24 per cent of the total 
to about 36 per cent in the same period 
of time—a proportional increase of about 
one-half, in which emigration from 
Europe played a significant role. 

On the other hand, the proportion of 
the world’s people living in Asia de¬ 
clined from about 65 per cent in 1800 
to about 55 or 57 per cent in 1900, de¬ 
pending on whether the estimate of 
Willcox or Carr-Saunders is used. Thus 
the best information available indicates 
that a relatively large part of the total 
increase of population in the world 
during the nineteenth century took 
place in those areas in which much new 
and fertile land came into use at that 
time and in which the new techniques 
of production, arising from the applica¬ 


tion of science to economic activities, 
replaced the older traditional patterns 
of work. These economic changes in 
turn led to a steady decline in the death 
rate throughout the nineteenth century, 
thus inducing a rapid growth in num¬ 
bers, since, until near the end of the 
century, there was only a rather small 
decline in the birth rate in many of 
these Western countries, France alone 
of the Western countries had so re¬ 
duced its birth rate fairly early in the 
nineteenth century and at the same 
time failed to reduce its death rate as 
fast as most of the others; therefore, it 
had a comparatively small natural in¬ 
crease during a considerable portion of 
this period. In spite of the reduction of 
the death rate in the area of European 
settlement during the nineteenth cen¬ 
tury, death rates of 16-18 per thousand 
were considered quite good in most of 
the more advanced Western countries 
in 1900, whereas in 1800 death rates of 
ten to fifteen points higher were the 
rule rather than the exception. On the 
other hand, the earlier death rates of 
1800 still prevailed in most other parts 
of the world in 1900. 

It is of course purely arbitrary to 
select any particular date and say that 
a marked change took place at that time 
in the factors affecting the growth of 
population in the world as a whole or 
in any given portion of it. However, 
around 1900—a decade or two in either 
direction, depending on conditions 
in particular areas—such significant 
changes in birth rates and death rates 
became manifest that it is worthwhile 
to note these in some detail. In the first 
place, although the bacterial cause of 
many contagious and infectious diseases 
had been discovered some years earlier, 
it was not until after 1900 that these 
discoveries were put into practical use 
on a large scale and began to exert a 
profound influence on the death rate. 
Furthermore, about the time the con¬ 
trol of such diseases as diphtheria, tu- 
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berculosis, and diarrhea and enteritis in 
young children, and of several other 
deadly contagious and infectious dis¬ 
eases, had become so secure that they 
no longer took nearly as heavy a toll 
of life in the more advanced countries 
as they had before 1900, the discovery 
of the sulfa drugs and of antibiotics 
and the use of DDT for the extermina¬ 
tion of the anopheles mosquito gave a 
new impetus to the control of the death 
rate. In addition, there was no letup, 
but rather a more rapid increase, in the 
development of better methods of pro¬ 
duction in both agriculture and other 
industries, so that the level of living 
continued to rise in much of the West. 

The effect of the great medical ad¬ 
vances in Western countries since 1900 
plus the continued improvement of liv¬ 
ing conditions among the poorer por¬ 
tions of their populations may be shown 
clearly by a few figures. In the period 
1898-1902 Denmark had a death rate 
of 16.0 per thousand; for the years 
1950-52 it was 9.0. For England and 
Wales the decline was from 17.4 to 
11.8; for Sweden, from 16.2 to 9.8. 
Thus, about the time that it would 
have been reasonable to expect a slow¬ 
er decline in the death rate due to the 
further improvement in economic con¬ 
ditions, science took over, and the 
death rate in the more advanced West¬ 
ern countries fell almost as much pro¬ 
portionally between 1900 and 1950 as 
it did between 1800 and 1900, although 
in absolute amount it was less in most 
of them. 

It was also around 1900, with a vari¬ 
ation of a decade or two in either direc¬ 
tion, that the decline in the birth rates 
in many Western countries became 
more clearly marked. But, in spite of 
this decline in the birth rate, there was 
no large decline in the excess of births 
over deaths in most European countries 
until after World War I. The period 
1908—12 to 1918—22 saw a decline in 
natural increase in Denmark from 14.1 


to 11.3 per thousand. It had been 13.7 
and 11.5 in the two decades preceding 
1908-12 and still lower twenty years 
earlier. In England and Wales the nat¬ 
ural increase was 11.9-11.0 in the 
period 1888-1912, which was only two 
or three points below that in the period 
from 1858-62 to 1878-82, but it fell to 
7.2 in the period 1918-22. Much the 
same pattern is found in Germany, 
Sweden, most of the countries of West¬ 
ern Europe, and, with some lag in time, 
in those of southern Europe. 

Even before 1900, improved methods 
of production began to have an effect 
on the death rates in certain portions of 
the other continents outside the area of 
European settlement. Thus the begin¬ 
ning of industrialization in Japan in the 
1870's was accompanied by a fairly 
slow but steady decline in the death 
rate, so that the population had begun 
to grow at a modest but steady rate by 
1900. Since 1900 it has grown more 
rapidly and quite steadily, except dur¬ 
ing World War II, owing chiefly to the 
continued decline in the death rate. 
The decline in the birth rate in the two 
decades before World War II was of 
much the same magnitude as the de¬ 
cline in the death rate. 

In some of the colonial areas the 
establishment of peace and the encour¬ 
agement of better agriculture and the 
better organization of famine relief also 
reduced the death rate somewhat and 
thus led to a steadier but slow growth 
of population. Thus, under the rule of 
Japan, population grew slowly in both 
Korea and Formosa until about 1920. 
After that it grew rapidly. Under Dutch 
rule, bringing peace and a better econ¬ 
omy, it appears that the population of 
Java began to increase fairly steadily 
by the end of the first quarter of the 
nineteenth century and continued to do 
so up to World War II. In the Philip¬ 
pines there can be no doubt of the rela¬ 
tively rapid growth of population from 
the time of the American occupation 
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Pakistnn, which hax'C the largest popu¬ 
lations of any country that has actually 
counted its people, the increase in pop¬ 
ulation in the thirty years 1871—1901 
was only from about 255 million to 
about 285 million, or about 11-12 per 
cent, nearly all of which took place in 
the decade 1881-91, there being two 
decades in which it was almost station¬ 
ary (Davis, 1951). Their populations 
again grew fairly rapidly during the 
first decade of this century but were 
practically stationary in the decade 
1911-21. Since 1921 there has been a 
steady and fairly rapid increase com¬ 
parable to that in many European 
countries during the nineteenth cen¬ 
tury, and their populations (combined) 
had grown to 432 million by 1951.^ This 
growth in India and Pakistan, as far as 
can be told, has all been achieved 
through the reduction of the death rate, 
since there is no clear evidence of any 
decline in the birth rate. Thus for none 
of these non-European peoples regard¬ 
ing whose recent growth we have even 
a modest amount of evidence does the 
birth rate appear to have changed ap¬ 
preciably, exf’ept in Japan since about 
1930 and especially since 1951. In this 
respect the pattern of population 
growth in these underdeveloped areas 
appears to be following that of the 
Europeans of a century ago in its gen¬ 
eral outline. The scanty information we 
do possess seems to indicate, however, 
that the birth rates of most of these 
non-European peoples are now higher 
than those of the Europeans in I8D0 
and that tlieir death rates are falling 
faster than those of Europeans in the 
early days of the industrial revolution. 
That their death rates should fall faster 
is not hard to understand, since it is 
relatively easy and cheap to carry out 
health programs today which will 
rapidly reduce death rates even among 

2. See United Nations, Demographic Year- 
hnol\ 7.953, Table 1, p. 7.5. 


1 peoples having very low levels 
- Jug. As regards birth rates, which uj.- 
an integral part of the general cultural 
pattern, the change (reduction) does 
not appear to come until the entire so¬ 
cial system begins an adaptation to a 
new pattern of life arising from a bet¬ 
ter level of living based on the modern¬ 
ization of their economic activities. 
This is what the West experienced with 
population growth during the last one 
hundred and fifty years. If the history 
of population growth among the Euro¬ 
pean peoples since 1800 should repeat 
itself among the non-Europeans during 
the ensuing one hundred and fifty 
years, the population of Africa and 
Asia, in 1950 numbering approximately 
1,470 million, could be expected to in¬ 
crease to more than 5,900 million by 
A.D. 2100, and the total population of 
the world could be expected to pass 
7,200 million before that time. 

Among the underdeveloped peoples 
there appear to us to be two possible 
variations from the path of economic 
and social development followed by the 
Western peoples which may so affect 
their growth during the next several 
decades that the above figures will 
have no meaning; (1) The increase in 
the productivity of labor may proceed 
more slowly than it has in the West (to 
be discussed somewhat more fully be¬ 
low), thus preventing the easing of the 
positive checks (death rate) to popula¬ 
tion growth, to the same extent as in 
the West, over a relatively long period 
of time. This would mean that the ac¬ 
tual lack of the necessities of life would 
continue to keep their death rates high 
in spite of modem medicine and health 
work. Except for this contingency a 
more rapid decline in the death rate in 
these areas than took place in Europe 
during the nineteenth century can be 
expected. (2) The spread of the volun¬ 
tary control of the birth rate at a much 
faster pace than took place in Europe 
before World War I would reduce the 
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natural increase in a shorter time and 
thus lessen the number of additional 
persons to be provided with the neces¬ 
sities of life year by year. The opposite 
of the first of these variations (i.e., a 
more rapid increase in the productivity 
of labor) may take place, but, when all 
is considered, this seems to us rather 
unlikely; the opposite of the second 
(i.e., the slower spread of the voluntary 
control of births) seems more likely. If 
both of these opposites were to become 
actualities, the above calculations for 
growth would be far too small. 

At this point it may be well to give 
concrete examples of the possibilities 
of lowering the death rate today under 
fairly favc^rable conditions. In Japan the 
death rate in pre-World War II days 
was 17-18 per thousand. In the latter 
days of the war and in early occupation 
days it rose to about 29, but for the 
entire year of 1946 it had again fallen 
to the prewar level (17.6). By 1949 it 
had been brought down to 11.6, and 
the preliminary figure for 1954 is 9.0. 
Thus it had been cut in half between 
1946 and 1954, most of the decline tak- 
ing place in the period 1946-50. This is 
a very remarkable demographic phe¬ 
nomenon and proves what well-planned 
health work backed up by modern 
medical achievements can do in a few 
years’ time if the necessities for even a 
rather low level of living are available. 

The experience of Ceylon in wiping 
out malaria had an almost ecjually star¬ 
tling effect in reducing the death rate. 
The average death rate in Ceylon in 
1945-46 was about 21 per thousand. In 
the period 1949-52 it averaged only a 
little over 12—a reduction of about 40 
per cent. As a result of these health 
improvements in both Japan and Cey¬ 
lon, the rate of natural increase rose to 
heights it had never before attained. In 
Japan the continuation of the natural 
increase of 1947-49 would have led to 
the doubling of the population in about 
forty years, and in Ceylon the present 


981 

natural increase would double the pop¬ 
ulation in twenty-five years. 

Let us now enumerate and consider 
briefly the changes in death rates and 
birth rates which seem most likely to 
take place in the next few decades, 
especially in the underdeveloped areas 
of the world. 

In the first place, we should realize 
that, even if our knowledge of the fac¬ 
tors effecting population changes in the 
West during the last one hundred and 
fifty years were entirely adequate, it 
could not serve as an infallible guide in 
projecting the growth of world popula¬ 
tion, or even that of any given nation, 
during the next few decades. The chief 
reason why we must use our knowledge 
of recent population growth in the 
world with caution in trying to look 
ahead is the simple fact that tlie condi¬ 
tions which were closely associated 
with certain population changes in any 
particular group in the past can never 
repeat themselves precisely in the expe¬ 
rience of another people, or group of 
peoples, or even in the same people, at 
a different time. Again, close associa¬ 
tion of conditions is not a proof of 
causal relationship. Besides, even 
though the circumstances associated 
with past population changes may ap¬ 
pear to be very much the same among 
certain peoples today, we know very 
well that these circumstances are found 
in a different cultural setting and will 
not result in exactly the same type of 
population changes as has been ob¬ 
served in the past, even if the observed 
relationship is causal. This is not to say 
that knowledge of past population 
changes is useless, but it is to say that 
we must be cautious in the use we 
make of our knowledge of past popula¬ 
tion changes in trying to foresee future 
changes. Such knowledge can be only 
suggestive of probable future changes. 

I presume the chief questions regard¬ 
ing future growth of population to 
which most students of population are 
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most anxious to find useful answers 
may be phrased somewhat as follows: 
How long will it take the peoples living 
in underdeve'Joped countries to pass 
through the period of population 
change correspomling to that which the 
western European peoples, and those 
in the areas settled by them, have 
passed through since about 1750-1800? 
How much are the populations in these 
underdeveloped lands likely to grow 
before they attain a relative stability, 
or at least a low rate of increase, based 
on low birth raters and low death rates 
rather than a low rate of growth based 
on high birth rates and death rates 
nearly as high? Another very practical 
question may be regarded as an essen¬ 
tial part of the above: What chance is 
there that during this transition period 
these underdeveloped peoples can en¬ 
joy a rising level of living such as that 
which took place among the Western 
peoples during their demographic tran¬ 
sition and which appears to have been 
an essential factor among them in de¬ 
veloping effective motives for birth 
control? 

It is evident at once that such ques¬ 
tions implicitly make several important 
assumptions. But the chief assumption 
involved in both questions is that the 
modernization of the economy in any 
underdeveloped area will result, in the 
course of a few decades, in such an im- 
prov(‘rnent in the level of living in this 
area and in such changes in the organi¬ 
zation of society that much the same 
motives for the voluntary control of the 
birth ratt‘ will come to prevail in it as 
now prevail in much of the West. 

In our opinion this broad assumption 
is open to serious question. We cannot 
be certain that the modernization of 
their economies will result as quickly 
in the growth of motives leading to the 
effective control of the birth rate as it 
did in the West after 1800, for the un¬ 
derdeveloped areas are undertaking the 
modernization of their economies with 


a cultural heritage greatly different 
from that of the Europeans of 1800. 
There can be no assurance that cultural 
development in the two cases will fol¬ 
low the same pattern as regards control 
of the birth rate. The development of 
Japan suggests that industrialization in 
the underdeveloped areas of today may 
lead to many of the same changes as 
regards reproduction as it did in the 
West, but it certainly does not prove 
that this will be the case. 

In the second place, it is far from 
certain that the modernization of the 
economy of the underdeveloped peo¬ 
ples of today can be accomplished with 
the same speed as in the West, in spite 
of the fact that we now know how to 
increase the tempo of economic de¬ 
velopment if all conditions are favor¬ 
able. We are saying, in effect, that there 
are many reasons to believe that the 
underdeveloped peoples of today, in 
their efforts to modernize their econo¬ 
mies, will labor under many handicaps 
which did not exist for the Europeans 
of 1800, not the least of which are, for 
many of tliem, a large and relatively 
dense population and a lack of new 
lands available for exploitation. 

We cannot, because of these and 
many other uncertainties, be positive 
that the peoples in the underdeveloped 
countries will pass through a demo¬ 
graphic transition similar to that of the 
Western peoples. However, most stu¬ 
dents of such problems believe that 
they will. How long it will take them 
to make this transition can be only 
guessed at. Modern means of communi¬ 
cation might be expected to shorten the 
time within which knowledge of how 
to modernize their economies can be 
conveyed to them and can be put to 
practical use and also to reduce the 
time it will take to make known the 
fact that it is feasible to control the 
birth rate. Furthermore, it seems prob¬ 
able that science can be relied upon to 
find surer, simpler, and cheaper means 
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of birth control than are now known 
anywhere. All this would indicate that 
the time needed to pass from an uncon¬ 
trolled birth rate (or one largely un¬ 
controlled) to a controlled birth rate 
might be considerably shortened and 
need not depcmd as much upon a sub¬ 
stantial rise in the level of living as 
was the case in the West. 

On the other hand, we cannot know 
how these peoples, whose cultural 
heritage is so much different from 
Western peoples, will react to the con¬ 
trol of the birth rate. The “cake of cus¬ 
tom/' of which their reproductive life is 
an integral part, may be very hard to 
break, although many people in these 
lands do not think this will be espe¬ 
cially difficult. Again it is possible thrat 
the breaking of the cake of custom as 
regards productive processes, which is 
demanded for success in effecting both 
an agricultural and an industrial revo¬ 
lution, will be a much slower process 
than in the West. If this should prove 
to be the case, it is highly probable that 
the continuance of low levels of living 
would make for the continuanc*e of 
high birth rates and death rates, that is, 
for the continuance of the existing pat¬ 
terns of reproduction, in spite of in¬ 
creasing knowledge of the close relation 
between a high birth rate and a higher 
level of welfare. We are not predicting 
til is; we are merely saying that it is an¬ 
other of the imponderables encountered 
in trying to assess the probability of 
population changes in the world in the 
near future. 

Another important matter which 
must be taken into account when we 
think of population change in the un¬ 
derdeveloped lands is the scarcity of 
new areas open to them for exploita¬ 
tion as compared with those available 
to Europeans in 1800. In addition, many 
of these underdeveloped areas are not 
endowed with the abundance of min¬ 
eral and water resources found in the 
West. These differences in available re¬ 


sources may make the economic im¬ 
provement in living conditions much 
slower than that of the Western peoples 
even in spite of the availability of much 
better techniques for their use. This, 
coupled with the fact that the death 
rates in these underdeveloped areas 
may be reduced much faster than those 
of the West, may discourage the belief 
in the effectiveness of man's efforts to 
bring about a progressively more 
abundant economy such as was never 
felt by the West(?rn peoples during 
their demographic transition. 

To offset this possibility of relatively 
slow economic development, we know 
that the application of science to the 
processes of production in tlie future is 
likely to accomplish results in en¬ 
larging production which were scarcely 
dreamed of a few years ago. How soon 
these underdeveloped areas can adopt 
these new techniques we do not know, 
and we cannot know until trial has 
been made. If this trial is made and if 
it is as successful as the most optimistic 
believe it will be during the next few 
decades, another question is certain to 
become of much importance. Will the 
leaders of these peoples interpret this 
rapid economic advance as meaning 
there is no need to give consideration 
to the reduction of the birth rate and 
therefore turn to the encouragement of 
a high birth rate and the expansion of 
their political power, as is happening 
in the U.S.S.R. and in China? 

We might continue for many pages 
the enumeration of considerations 
which would seem to favor a rather 
rapid and easy transition of the peoples 
in the underdeveloped areas of the 
world from their present poverty-strick¬ 
en conditions and the hardships asso¬ 
ciated with high death rates and high 
birth rates to the relatively easy condi¬ 
tions of life in the most developed areas 
of the West, where both birth rates and 
death rates are low. Likewise, we could 
cite an equally impressive array of con- 
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[nine t(' li' ^ ' the like- tury ago, and seem likely to continue to 
itivelv - iransition in grow significantly, but probably more 
bix .i .i Ahichwould slowly, for at least two or three dec- 
1 u.. i, hardship and ades. Since there are still considerable 
instant increase 
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hhood of a relatively - iransition in 
the underdeveloped a. a a Inch would 
be accompanied bv m, i' luirdship and 
snfFering, because !i.e 'Hstant increase 
in numbers would consul no practically 
nil the increased product likely to be 
made available by improved processes 
of production. Such a course of devel¬ 
opment would pre\'ent any substantial 
improvement in the ievel of livdng in 
the foreseeable future. Aliich has been 
written on these matters recently, and 
the conclusions arrived at have often 
been diametrically opposed. 

On the one hand, a consideration of 
the evidence has led some students to 
make statements to the effect that, no 
matter how great the increase of popu¬ 
lation may be in coming years, the de¬ 
velopment of science and the ingenuity 
of man in applying it to the production 
of goods to supply his needs will pre¬ 
vent any pressure of population on the 
necessities of life. On the other hand, 
more of the men who have given this 
iriatt(M' much thought conclude that the 
increase in numbers in the underde¬ 
veloped areas will be so great in the 
foreseeable future that no reasonably 
probable increase in the efficiency of 
labor can prevent growing hardship and 
a rise in their death rates, unless these 
people learn to reduce their birth rates 
even more rapidly than occurred in the 
West during the demographic transi¬ 
tion there. We, personally, incline to 
the latter view. Since we cannot at this 


ades. Since there are still considerable 
differences in the rates of growth of 
different Western peoples, probably 
owing to the different stages of eco¬ 
nomic and social development they 
have attained, these differences seem 
likely to persist for some time. The 
peoples in eastern Europe and in the 
Americas will probably continue to 
grow more rapidly than those in West¬ 
ern and Central Europe for at least two 
or three decades. However, the people 
of European origin are quite likely to 
become a slowly declining proportion 
of the worlds population, although 
their proportional decline may not be 
so rapid as is sometimes thought. 

In spite of the high birth rates among 
the underdeveloped peoples, they will 
not soon attain the high rate growth 
which the increased control over their 
death rates, made possible by the use 
of the medical knowledge at man's dis¬ 
posal today, leads many people to ex¬ 
pect. The most basic consideration 
leading us to this belief is our assess¬ 
ment of the difficulties standing in the 
way of increasing agricultural and in¬ 
dustrial production among the under¬ 
developed peoples. We find it hard to 
believe that over-all production of the 
necessities of life can be increased at a 
rate of 2 per cent or more a year in 
most of these countries during the next 
two or three decades. Until this is done. 


time go into the detail needed to sup- we do not see how they can support a 
port this view, only general conclusions much larger rate of growth than they 
regarding the probable pattern of now have. Even in the United States, 
growth during the next two or three where conditions have been most favor- 
decades are presented in the form of able to a rapid increase in over-all pro- 
several brief and much too dogmatic duction, the average annual increase 
statements. for the last fifty years is generally esti- 

The Western peoples as a whole mated at about 3 per cent. It does not 
have passed the period of their most seem reasonable to us to believe that 
rapid growth, although they are still such a rate of growth in production can 
growing fairly rapidly by the standards be attained in the near future in these 
of what constituted rapid growth a cen- underdeveloped areas, and any rate of 
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3 per cent or less will certainly mean 
that nearly all the increase will be ab¬ 
sorbed in the support of the more rapid 
increase in population, which can easily 
be achieved by a well-planned health 
program in almost any underdeveloped 
area. Witness what has happened re¬ 
cently in Ceylon as described above. 
Another important factor increasing the 
difficulty of raising production rapidly 
in these underdeveloped areas is the 
rneagerness of new lands and of mineral 
resources available to them as com¬ 
pared with those available to the Euro¬ 
peans of 1800. 

The cultural obstacles standing in 
the way of the rapid spread of the 
voluntary control of population growth 
(chiefly by contraception) are very 
formidable. Hence, even though means 
of contraception which are sure, are 
simple, are cheap, and are not injurious 
to health may soon become available, 
their use may not become so wide¬ 
spread during the next two or three 
decades as would seem necessary to 
insure a rapid rise in the level of living 
which, in turn, would do more to en¬ 
courage the rapid adoption of contra¬ 
ception than would any other change. 

As a consequence of these beliefs, we 
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expect the underdeveloped peoples of 
the world to attain only slowly a signif¬ 
icantly greater degree of freedom from 
the positive check (hardship) to popu¬ 
lation growth which now is the chief 
factor in keeping their rate of growth 
at 1.0-1.5 per cent per year on the 
average. Hence, although we believe 
that these underdeveloped peoples are 
likely to grow at a somewhat faster rate 
in the near future than are the peoples 
of European origin, we do not believe 
that they are likely to increase at as 
rapid a rate over a long period of time 
as the latter did during the nineteenth 
century. Thus, it will be seen, we be¬ 
lieve that the growth of underde¬ 
veloped peoples of the world still de¬ 
pends more largely on the rate at which 
their means of subsistence can be in¬ 
creased than upon the improvement of 
health conditions made possible by 
modern science. The positive checks to 
population growth are, even yet, the 
effective checks to the upward spiral of 
population growth in that part of the 
world's people who have not yet made 
the transition from high and largely un¬ 
controlled birth rates and death rates 
to low and controlled birth rates and 
death rates. 
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Possible Limits of Raw-Material Consumption 

SAMUEL H. ORDWAY, JR.* 


Whether there may be any unbreakable upper limits to the con¬ 
tinuing growth of our economy, we do not pretend to know, but it 
must be part of our task to examine such apparent limits as present 
themselves.— President’s Materials Policy Commission, Resources 
for Freedom (1952). 


This paper does not seek to analyze 
the availability, present or prospective, 
of particular raw materials. This al¬ 
ready has been done effectively by the 
President’s Materials Policy Commis¬ 
sion, and some of its findings, sum¬ 
marized below, constitute basic infor¬ 
mation from which the arguments here¬ 
in stem. This information leads to pres¬ 
entation of a theory of the limit of 
growth. The possibility of avoiding, in 
the United States, arrival at such limit 
by imports and technological discovery 
is minimized. The remainder of the 
paper is addressed to possible ways by 
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which our prosperity may be sustained. 
It is suggested that, for the next few 
decades at least, there will be increased 
prosperity and plenty. In the same 
period there will continue to be de¬ 
creases in the hours men have to work, 
accompanied by an abundance of lei¬ 
sure for many. These factors of plenty 
and leisure can lead to individual and 
group activity which can develop new 
national awareness and discipline and 
a needed ethic for an age of conserva¬ 
tion. 

BASIC INFORMATION 

British Political and Economic Plan¬ 
ning (PEP), in a draft report dated 
January, 1955, excerpted and summa¬ 
rized relevant findings from the Presi¬ 
dent’s Materials Policy Commission’s 
report (1952) most succinctly as fol¬ 
lows: 

There is a Materials Problem of con¬ 
siderable severity affecting the United 
States and the industrialized nations of 
Western Europe. Unless the problem is 
effectively met, the long range security 
and economic growth of this and other free 
nations will be seriously impaired. The 
Commission’s report is primarily concerned 
with the United States problem, which 
cannot, however, be isolated from the rest 
of the free world problem. 

The basic reason for the problem is 
sofiring demand. This country took out of 
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the ground two-and-oru-half tunes 

bituminous coal in 1950 than in 1900; 

three times more copper, four times 
zinc, thirty times more crude oil. fhc 
quantity of most nictdls and mtneral fuels 
used in the United States since the first 
World War exceeds the total used through¬ 
out the entire tcorhl in all of history pre¬ 
ceding 1914. Although almost all materials 
are in heav'ily increasing demand, the hard 
core of the materials problem is minerals. 

In 1950, the United States consumed 
2.7 billion tons of materials of all kinds— 
metallic ores, non-metallic minerals, agri¬ 
cultural materials, construction materials, 
and fuels-or about 36,000 pounds for 
every man, woman and child in the coun¬ 
try. With less than 10 per cent of the fre(^ 
world population, and only 8 per cent t)l 
its area, the United Slates consumed more 
than half of J950’s supply of such funda¬ 
mental materials as petroleum, rubber, iron 
ore, manganese and zinc. 

War would alter the patterns of mate¬ 
rials demand and supply in swift and dras¬ 
tic ways; yet if permanent peace should 
prevail, and all the nations of the world 
should acquire the same standard of living 
as our own, the resulting world need for 
materials would he six times present con¬ 
sumption. In considering materials at long 
range, therefore, we have roughly the same 
prohlcms to face and actions to pursue*, 
war or no war. 

For the last hundred years, the United 
States’ total output of all goods and serv¬ 
ices (the Gross National Product, or GNP) 
has increased at the average rate of 3 per 
cent a vear, compounded. Such a rate 
mc'ans an approximate doubling every 
twentv-five years (which would mean a 
nineteen-fold increase in a full century). 
As of 1950, the GNP was approximately 
$283 billion. Tn considering the next quar¬ 
ter century the Gommission has made no 
assumption more radical than that the 
GNP will continue to increa.se at the same 
3 per cent rate compounded every year, 
which is the average of the last century, 
all booms and denressions included. This 
would mean a GNP in the middle of the 
1970’s of about $566 billion, measured in 
dollars of 1950 purchasing power. The 
Commission has also assumed, after con¬ 


sultation with the Bureau of the Census, 
that population will increase to 193 mil¬ 
lion by 1975, and the working force to 82 
million, compared to the 1950 Bgures oi 
151 million and 62 million. It has also as¬ 
sumed a shortening work week, but that 
irian-hour productivity will continue to rise 
.somewhat more than in the recent past. 
But even these conservative assumptions 
bring the United Stales up against some 
\ery hard problems of maintaining ma¬ 
terials supply, for natural resources, what¬ 
ever else they may be doing, are not ex¬ 
panding at compound rates. 

Ahsolntc shortages are not the threat in 
the materials problem. We need not expect 
we will some day wake up to discover we 
have run out of materials and that econom¬ 
ic activity has come to an end. The threat 
of the materials problem lies in insidiously 
rising costs which can undermine our ris¬ 
ing standard of living, impair the dynamic 
quality of American capitalism, and weak¬ 
en the economic foundations of national 
.security. These costs are not ju.st dollar 
costs, but what economists refer to as real 
costs—meaning the hours of human work 
and the amounts of capital required to 
bring a pound of industrial material or a 
unit of energy into useful form. Over most 
of the 20th century these real costs of ma¬ 
terials have been declining, and this de¬ 
cline has helped our living standards to 
rise. But there is now reason to suspect 
that this decline has been slowed, that in 
some cases it has been stopped, and in 
others reversed. The central challenge of 
the materials problem is therefore to meet 
our expanding demands with expanding 
supplies while averting a rise in real costs 
per unit. 

In materials, there is always a tendency 
for real costs to rise because invariably 
people use their richest resources first and 
turn to the leaner supplies only when they 
have to. What is of concern today is that 
the combination of soaring demand and 
shrinking resources creates a set of up¬ 
ward cost pressures much more difficult to 
overcome than any in the past. In the 
United States there are no longer large 
mineral deposits in the West waiting to 
be stumbled upon and scooped up with 
picks and shovels; nor are there any long- 
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cr vast forest tracts to be discovered. We 
can always scratch harder and harder for 
materials, but declining or even lagging 
productivity in the raw materials indus¬ 
tries will rob economic gains made clse- 
wlane. The ailment of rising real costs is 
all the more serious because it does not 
give dramatic warning of its onset; it 
creeps upon its victim so slowly that it is 
hard to tell when the attack began. 

In recent years, the general inflation 
has struck with special force at many ma¬ 
terials, causing their prices to rise more 
than the price structure as a whole. Some 
materials prices are high today because de¬ 
mand has temporarily outrun supply; here 
we can expect the situation to adjust itself. 
But in other cases the problem is more en¬ 
during than this, and reflects a basic 
change of supply conditions and costs. It 
would be wishful, for example, to expect 
lumber prices to settle back to their pre- 
1940 price relationships. We are running 
up against a physical limitation in the 
supply of timber, set by the size and 
growth rates of our forests, and cost relief 
through easy expansion is not to be ex¬ 
pected. For such metals as copper, lead, 
and zinc. United States discovery is fall¬ 
ing in relation to demand, and prices re¬ 
flect the increasing pressure against limited 
resources. 

Although the GNP can be expected to 
doulfle between now and 1975, the total 
materials input necessary for this will not 
double, but perhaps rise only 50 to 60 
per cent. Demand for materials will rise 
most unevenly, sometimes increasing one- 
(piarter or less, sometimes rising fourfold 
or more. Among the major classifications, 
something like this might be expected in 
the United States (1975 compared to 
1950): 

Demand for minerals as a whole, in¬ 
cluding metals, fuels and non-metal- 
lics, will rise mast—about 90 per cent, 
or almost double. 

Demand for all agricultural products will 
rise about 40 per cent. 

Demand for industrial water will in¬ 
crease roughly 170 per cent. 

Taking these classifications one by one 
shows wide ranges and various problems 
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within each. There can be plenty of room 
for argument as to how high demand for 
this or that will really rise, but the central 
fact is; demand for everything can be ex¬ 
pected to rise substantially. These pro¬ 
jections, which look high today, may look 
low tomorrow. 

The above figures apply to the United 
States alone. For the rest of the free world 
the projections made by the commission 
are net'cssarily much rougher, but they 
suggest that demand in other free nations, 
building as it will on a smaller base, will 
be e\en larger in its percentage increase 
(ban United States demand, and that the 
Ibiited States, although its total of ma¬ 
terials consumption will increase greatly, 
will probably consume a somewhat smaller 
share of the free world’s total supply. 

Demand for iron, copper, lead and zinc 
might rise only 40 to 5?) per cent over the 
next cplarter century, but other increases 
might be: fluorspar, threefold; bauxite for 
aluminum, fourfold; magnesium, eight¬ 
een to twenty fold (the largest projected 
increase for any material). 

Industrial water, which used to be had 
for the taking in most of the country ex¬ 
cept the arid parts of the West, now 
shows a growing shortage problem, be¬ 
cause modern industry uses it in such vast 
quantities. About 18 barrels of water are 
needed in refining a barrel of oil, and 
more than 250 tons of water must go to 
make a ton of steel or a ton of sulfate 
wood pulp. During World War II plans 
for at least 300 industrial or militarv es¬ 
tablishments had to be abandoned or modi¬ 
fied because of inadequate water supplies, 
and an already serious problem may be 
much sharper by 1975. 

All of the above facts are symptoms of 
the same condition: the United States is 
outgrowing its present usable domestic re¬ 
source base. This condition has been a 
long time in the making, but it was not 
until the 1940’s that we completed the 
change from being a raw materials sur¬ 
plus nation to being a raw materials def¬ 
icit nation. Whereas at the start of the 
century we produced some 15 per cent 
more raw materials than we consumed 
(excluding food), by mid-century we were 
consuming 10 per cent more materials 
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than we produced. This is a peacetime 
situation, and the trend seems firmly es¬ 
tablished. 

With the nation facing such situations 
the Commission draws a sharp distinction 
between being alarmist, which it is not, 
and seriously concerned, which it is. The 
nation cannot assume that ‘‘everything 
will be all right if we just leave things 
alone”; the forces causing the materials 
problem will increase, not diminish. We 
must become conscious of the existence of 
the materials problem and guide ourselves 
by its seriousness in every way possible 
[1955, chap, in, pp. 2—6]. 

IHKORY OF THE LIMIT OF GROWTH 

It is our opinion that the President's 
Materials Policy Commission, while 
concerned, is not sufficiently concerned 
by the implications of its findings. It is 
obvious that wc shall not come to the 
end of any of our raw materials sud¬ 
denly and without warning, but it is 
submitted that continuing consumption 
each year of more raw materials essen¬ 
tial to industrial eixpansion than the 
earth and man together re-create will 
bring us some day to a limit of growth. 
We have been living, and we are still 
living, on resource capital as well as in- 
cointj to make possible continuing in¬ 
dustrial expansion and higher levels of 
living for ever more people. 

This part of the thesis has been de¬ 
veloped by the author of this paper in 
the following terms: 

None of us can doubt that population 
densities have sharply increased in many 
parts of the world, that many people are 
undernourished and that there are today 
growing shortages of strategic and neces¬ 
sary materials in some places much of the 
time. None of us can doubt that technol¬ 
ogy has found new sources of raw material 
and new products to substitute for old, to 
our great betterment as well as to our woe. 
No one seems to have examined carefully 
enough the causes responsible for our cur¬ 
rent fantastic consumption of raw mate¬ 
rials—causes which are more significant 
than population growth or preparation for 


war. No one has assumed to analyze the 
basic philosophy, indeed religion, of mod¬ 
em man, that makes us what we are; a 
race working, struggling, inventing, fight¬ 
ing, living to create an ever higher level 
of living for all mankind. That is our great 
in.spiration, our almost universal goal, and 
it may turn out to be our great illusion. 

This aspiration for an ever higher level 
of living has become the obsession of man¬ 
kind. It is an expression of the democratic 
aim toward greater equality; it is the dic¬ 
tator's justification for a five-year plan; it 
is a tangible fulfillment of the spiritual aim 
of the church to better the poor as well as 
the rich; it becomes the internationalist’s 
h)rmula for relieving the pressures which 
“have not" people exert on wealthier na- 
tii)ns, and a major means of preventing 
war. If we keep on raising the standard 
of living, want will be satisfied. To most 
of us today an ever higher level of living 
is the very meaning of human progress. 

To laymen, human progress must have 
tangible expression. It means more and 
better food, clothing, and housing, better 
health and longer life, greater leisure 
(often confused with the idea of freedom) 
and more security, accompanied, of course, 
by less physical effort. 

In the United States we have steadily 
moved to attain these things. Despite oc¬ 
casional setbacks and depressions, produc¬ 
tion has increased miraculously in all areas 
almost year by year; wages have risen, 
working hours decreased, investment in¬ 
come and corporate profits have mounted. 
Industry has been able to plow back mil¬ 
lions and millions of dollars into new plants 
and new equipment. This is expansion, 
economic growth, the realization of a 
dream. 

Economists substantiate these obvious 
evidences of economic growth. Industrial¬ 
ists boast of industrial expansion. Despite 
Malthus and the fact of population growth, 
our aim, our goal, our aspiration, our way 
of life is being fulfilled. We are achieving 
an ever higher level of living. 

For this end, and this ideology, Ameri¬ 
cans have worked harder than they have 
worked for any other article of faith. Our 
modern religion is growth. But at what 
cost, material and spiritual, to the nation? 
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I'he PresideDt’s Materials Policy Commis¬ 
sion affirms, as right, our American faith 
in the principle of growth, because “it 
seems pieferablc to any opposite, which 
to us implies stagnation and decay” [Ord- 
way, 1953, pp. 5—8]. 

An ever higher level of living for an ever 
expanding population has been brought 
about primarily by increased industrial and 
agricultural production. Expanding indus¬ 
try has converted raw materials into more 
useful products. It has produced in the 
last thirty years the most remarkable tools 
that man has ever known—tools which help 
find and extract more raw materials and 
refine them more ecoiu)mically into time 
and labor-saving devices. Industry also 
produces machines and tools and fertilizers 
which help increase the growth of living 
things. This enables us now to feed and 
clothe more people at lower cost. Our lab¬ 
oratories, directly and indirectly supported 
by industry, have found substitutes for 
scarce materials, and new chemicals and 
drugs that cure ills heretofore incurable, 
and save and prolong life. Industry thus 
increases wealth, health, and leisure. 

At the same time the growth of indus¬ 
trial production has increased consumption 
of raw materials out of all proportion to 
our increase in population—although it is 
population growth which continues to 
arouse concern in neo-Malthusians. The 
population of the United States has exactly 
doubled in the last fifty years and neo- 
Malthusians still insist that mankind will 
eat itself out of house and home within 
foreseeable time, particularly if the birth 
rates not only here but in underdeveloped 
countries in the rest of the world follow 
their current upward patterns and death 
rates, due to improved medical care and 
longer life, continue to decline. William 
Vogt [1948] says: “It is obvious thait fifty 
years hence the world cannot support 
three billion people at any but coolie 
standards—for most of them. One third 
of an acre cannot decently feed a mjin, 
let alone clothe him and make possible 
control of the hydrologic cycle.” It is this 
threat which the cornucopian scientists 
believe new discovery and new technology 
can offset; but what has not been dis¬ 
cussed at length in the literature, or ade¬ 
quately analyzed in conservation fomms. 
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is the fact that continuing and increasmg 
consumption of raw materials due to eco¬ 
nomic expansion is proportionally far 
greater than the population rise. 

While the number of persons in the 
United States doubled in fifty years, the 
production (4' all minerals increased 8 
times; the consumption of power increased 
11 times; the consumption of paper and 
paperboard increased 14 times over the 
same period. The use of some raw ma¬ 
terials more and more exceeds domestic 
production with the result that we are in¬ 
creasingly dependent upon foreign imports 
to supply our higher level of living. 

At the same time, despite technological 
ad\ances in farming, our gross farm prod¬ 
uct is not increasing currently as fast as 
our population. This is a rich land. Never¬ 
theless, since 1945 our food production 
has increased 50 per cent less than our 
population. And manufacture each year is 
using more and more organic products 
from the land. 

While food in the United States is not 
scarce, many of our inorganic resources 
are scarce. Thirty-three separate minerals 
are presently on the critical list. Millions 
of dollars a year are being spent to speed 
the search for new deposits and to find 
substitutes (other raw materials) for them. 
No one doubts that there is a limit to the 
supply of these raw materials we are con¬ 
suming so fast in the earth, sea, and air. 
There is doubt as to the extent of undis¬ 
covered supplies . . . there is doubt as to 
the extent of discoverable substitutes . . . 
and there is doubt about the time in which 
we shall reduce the supply to a point 
where rising costs will curtail use. Yet, 
to the satisfaction of all who have faith 
in an ever higher level of living, increas¬ 
ing use of our natural resources goes stead¬ 
ily on. Both industry and population con¬ 
tinue to grow. The resource base grows 
less. 

Much of the wealth produced by indus¬ 
try today is reinvested in expansion—to the 
extent of more than twenty billion dollars 
per year! One company alone last year 
paid out in dividends 34 million dollars, 
but withheld 623 millions of its earnings 
for new equipment and expansion. Few 
of us appreciate the extent to which con¬ 
tinuing expansion makes further inroads. 
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quantitatively and qualiiativelvy on the pro¬ 
ductivity of the earth [ihid.y pp. 10-15], 
Increasing pressure on renewable re¬ 
sources also affects adv'crsely productiv’ity 
of the land itself, unless extraordinary and 
expensive techniques are used to restore 
and increase its j^r^^^hiclivity—techniques 
which are often not known by, and fre¬ 
quently beyond the means of, smaller own¬ 
ers who eke their living from the earth. 
One Yearbook of Agriculture [1938] slated: 
‘"Fifty million acres of farm land have al¬ 
ready been abandoned by fanners be¬ 
cause they are no longer productive, and 
30,000,000 acres more arc in process of 
abandonment.” Year by year, productive 
acreage per person is declining. 

There is little unexploitcd land left in 
the United States. As lands are exhausted 
and abandoned (further increasing the new 
acreage needed) more and more farmers 
enter industry. Urban and industrial pres¬ 
sures continue to grow. 

Not alone in terms of food, but also in 
terms of industrial production, shortage of 
agricultural land is a limiting factor. Ap¬ 
proximately one half of the raw material 
used by business and industry is organic 
in origin. Automobiles are made of animal 
and vegetable, as well as of mineral, 
products. 

Reports of technicians to the Materials 
Policy Commission emphasize the growing 
industrial drain on agricultural products 
and the fact that the problem is world¬ 
wide. They predict a 17 per cent increase 
in industrial con.sumption of cotton and 
woo] by 1975. They also anticipate a 34 
per cent increase in industrial require¬ 
ments for wood, which exceeds the output 
considered probable at that time by 39 
per cent. The shortage of wood predicted 
for the United States will not be •pre¬ 
vented, the report states, by imports from 
other parts of the world. Even with free 
trade, and full Soviet participation in meet¬ 
ing estimated 1979 import needs of the 
present free world, the gap in 1979 be¬ 
tween such requirements and available 
supply would still remain far from closed 
[ibid., pp. 21-23]. 

The theory of the limit of growth is 
based on two premises: 
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Ltr\els of human Jiving arc constantly ris 
ing with mounting use of natural resources. 

Despite technological progress we are spend¬ 
ing each year more resource capital than is 
created. 

The theory follows: 

If this cycle continues long enough, basic 
n'soiirces will come into such short supply 
that rising costs will make their use in addi- 
tioiia] production unprofitable, industrial ex¬ 
pansion will cease, and we shall have reached 
the limit of growth. 

Despite reductions in prices of many 
finished products caused by increased pro¬ 
duction, raw materials—food, wood, water, 
and minerals—are becoming dearer. The 
limit of expansion will not be reached 
until raw materials liave become so scarce 
that the industrial product can no longer 
be sold at a profit. 

This is not a matter of temporary boom 
and depression, or artificially stimulated 
Iiigh or low prices, or overstocking which 
commonly causes ups and downs in indus¬ 
trial production—sometimes with drastic 
temporary effect on the economy. This is 
a matter of expanding industry, approach¬ 
ing maximum profitable use of its resource 
base, and finally overreaching that maxi¬ 
mum at a time when (unless we are pre¬ 
pared) it is too late to alter values volun¬ 
tarily, willingly abandon the dream of 
higher levels of living, and peacefully 
adapt our thinking and our ideals to an¬ 
other very different way of life. This kind 
of enforced, unexpected reversal of a faith, 
this end of an expanding industrial civili¬ 
zation, could be the end of the culture we 
know. 

That kind of end may well overtake us, 
despite all our apparent wealth, unless a 
new philosophy of conservation, by which 
we reorient our views of the Good Life 
and many of our values, becomes generally 
accepted within a reasonable time [ibid., 
pp. 31-35]. 

LIMITATIONS ON IMPORTS 

Some people believe that, as short¬ 
ages of raw materials develop in the 
United States, we will be able to sup¬ 
ply our needs from the rest of the 
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world. British Political and Economic 
Planning (PEP) comments on this as 
follows: 

One of the encouraging developments 
of recent years has been the growth of a 
world conscience demanding a steady ap¬ 
proach to equality of economic opportu¬ 
nity for all countries. Increasing technical 
assistance and grants are being given for 
this purpose. 

It is argued that the purchase of min- 
('lals from underdeveloped countries is one 
of the best ways of enabling those coun¬ 
tries to import the machinery and other 
c<]uipment they need for development, 
and that therefore the heavy purchases 
of minerals by the developed countries 
are a major advantage to the underde¬ 
veloped countries. This is tme in the short 
run; the exchange of minerals for ma¬ 
chinery and plant must be generally a 
pure gain to the underdeveloped coun¬ 
tries who almost universally welcome such 
trade. 

But if we look ahead for two generations 
the position is a very different one. There 
is plenty of iron looking a very long way 
ahead. On the other hand, copper will he 
exhausted in about 50 years; lead, zinc 
and tin before 1980, And the supply of 
other important minerals is likely to be 
exhausted before the year 2000. 

The Paley report does not consider the 
effect of the demand by the U.S.A. and 
the other highly-developed countries of 
the world on the underdeveloped countries. 
The developed countries, including a quar¬ 
ter of the population of the world, con¬ 
sumed in 1950 about 95 per cent of the 
minerals, whereas the underdeveloped 
countries, including three-quarters of the 
population of the world, consumed about 
5 per cent. In total, the developed coun¬ 
tries consumed nearly t wen tv times as 
much as the underdeveloped countries. 
Per caput they consumed nearly a hun¬ 
dred times as much. 

In 1954 the population of the United 
States increased by three million; that of 
India increased by five million. The con¬ 
sumption of iron by the three million 
Americans would he at 1950 rates 100 
times as much as that of the five million 


Indians and about 40 per cent more than 
the consumption of the total population 
of India, which is 350 millions. 

The industrial revolution began in Eu¬ 
rope about 200 years ago and has been 
carried on at an accelerating pace in the 
N('w World. Japan joined in vigorously 
towards the end of last century, and the 
U.S.S.R. after the Revolution. They had 
the ad^'antage of a highly-developed tech¬ 
nology and no shortage of materials, with 
the result that they developed their indus- 
trv as fast or faster than the Western 
world. Some of the South American coun¬ 
tries hav e already made considerable prog- 

Thc underdeveloped countries are hop¬ 
ing to begin their development shortly; 
India is perhaps the only one that has 
made a substantial beginning. Most of 
them are not likely to get far in the next 
generation or even two generations; by 
that time V'ciy serious difficulties as regards 
metals and other materials may well have 
arisen. The difficulties in their wav^ will un¬ 
doubtedly be v^ery much greater than those 
hitherto experienced. 

The Paley report estimates that if the 
rc'st of the non-communist world achieved 
the present American materials standard, 
the world consumption of minerals would 
be multiplied by six. It is quite obviotis 
that to supply such standards would mean 
an impossible demand on the world's min¬ 
eral resources. 

The scientific optimists argue, firstly, 
that re.st'rves may be much greater than is 
now realised; and secondly, that technol¬ 
ogy has performed such wonders that there 
are no limits to what it may achieve. In 
fact, this ea.sy optimism is dangerous non¬ 
sense. The essentials of the po.sition are a 
balance of rates: the rate of production of 
alternatives or substitutes for each mineral 
must equal or exceed the rate of con.sump- 
tion of av’ailable reserves. Technology has 
achieved great triumphs and will, if all 
goes well, certainly achieve greater tri¬ 
umphs, but it would be irresponsible folly 
to count, for instance, on technology pro¬ 
ducing adequate alternativ'es for lead, zinc 
and tin before the existing supplies are ex¬ 
hausted or become excessiv^ely expensiv^e. 
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'which must occur at some date; it may be 
about 1980 [1955, chap. Hi, pp. 7-8J. 

It does not seem likely that imports 
or "technology” will be the means of 
keeping us from ultimately reaching the 
h'mit of growth. 

CAN PROSPERITY BE SUSTAINED? 

Now what can be done in the next 
few decades (from three to seven) to 
prevent our economy from overreach¬ 
ing this possible limit of growth? How¬ 
ever complex the physical, economic, 
and social factors involved, the answer 
to this question is stark as it is simple. 
The only way to avoid reaching that 
limit some day is eventually to cease to 
consume more resources each year than 
nature and man together create. 

As our scientists and technicians, and 
those of us who lag in applying their 
discoveries, deliver on cornucopian 
promises to find substitutes and synthe¬ 
size new raw materials from earth, sea, 
and air, there will be more annual in¬ 
crement available for annual use. So 
far, unfortunately, annual increase in 
consumption has continued to rise fast¬ 
er than any such increment, while the 
resource base continues to decline. To 
the extent that consumption continues 
to exceed creation in the decades 
ahead, the budget will continue to be 
unbalanced. If we are to eliminate an¬ 
nual deficits, we shall have to reduce 
annual consumption until annual con¬ 
sumption no longer exceeds annual 
creation. 

This is obviously not a matter that 
can be exactly defined in terms of par¬ 
ticular resource creation and expendi¬ 
ture. Had we been of a conserving 
mind a hundred years ago, we might 
have reduced the use of marble for 
building, because marble was running 
out. We now use building materials 
then unknown. 

But the fact that we lack inventories, 
which would be partially meaningless 


if we had them, and the fact that the 
several resources we use and are using 
up may not he requisite to future prog¬ 
ress in various holds of our endeavor 
does not mean that we have a never end¬ 
ing storehouse of materials of plenty. 
The fact that we have many funds to 
draw on and that we constantly shift, to 
support f)ur prosperity, from one fund 
to another does not mean that we can 
ke(‘p on forever drawing over-all more 
than is replaced. It is not only the part 
of prudence to reduce consumption of 
raw materials which are becoming 
scarce; it is a law of life itself. If we do 
not do so voluntarily and gradually, we 
shall be forced to do so ultimately 
against our wills, and with a very upset¬ 
ting loss of the freedom of initiative— 
with involuntary reversal of our "Amer¬ 
ican Dream” of prosperity for all. 

This solution—voluntary reduction of 
consumption either general or selective 
—is simple enough to state. It may even 
be that America would prosper more 
if it succeeded in disciplining itself to 
get along with less. But the idea is so 
foreign to our society, to our industrial 
planners and managers and their stock¬ 
holders—including both labor and con¬ 
sumer as well as tycoon—that voluntary 
reduction is not likely to be realized in 
an era of prosperity unless something 
quite revolutionary happens to our phi¬ 
losophy, our conscience, and our cur¬ 
rent faith. 

It is the purpose of the remainder of 
this paper to consider various factors 
which in the next few decades might 
substantially change the thinking and 
the faith of our people and make pos¬ 
sible sustained prosperity on what 
Stanley Cain, in a speech in 1954, called 
a "dynamic equilibrium.” 

We Are Entering an Era of 

Abundant Prosperity 

The next few decades, at least in the 
United States, is likely to be a period 
of unprecedented marshaling and utili- 
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zation of our remaining resource capi¬ 
tal. Regardless of what may seem to 
some of us to be prudent and wise in 
the way of reducing consumption, the 
present temper of our spirit and our 
faith is such that we shall continue to 
expand, to produce, and to prosper. 
Even without restraint, our essential re¬ 
sources will not be exhausted during 
the lives of most of us living today. 

Let us start with an appraisal of our 
soil situation. How serious is the loss 
of these thousands of tons of topsoil 
by erosion each year? How serious is 
the depletion of soil nutrients and con¬ 
tinuing damage to the structure of the 
soil itself? How long can this continue 
before we shall find ourselves unable to 
produce the foodstuffs and the fibers 
we shall need to keep on raising the 
level of living of our people, whose 
numbers are increasing by nearly three 
million additional souls each year? 

The United States Soil Conservation 
Service reports that each year we are 
losing by water and wind erosion three 
billion tons of ‘‘solid material” from the 
land surface of the United States. It 
adds that no less than two hundred 
million acres of cropland have already 
lost approximately half of their topsoil. 
More worn-out farmlands are being 
abandoned to the states. Over five mil¬ 
lion acres of such farmland have al¬ 
ready been abandoned in New York 
alone. In the United States there are 
approximately eighty million acres of 
land—still being farmed by a half-mil¬ 
lion operators—said to be so meager 
that it would pay the states to help 
these operators transfer to some better 
occupations and to reforest the old 
farms. Each year new roads, airports, 
factories, and factory communities are 
taking over about two million addition¬ 
al acres of potentially productive land. 
In addition, the present rate of popu¬ 
lation increase will require, to maintain 
present dietary levels, the full product 
of an additional seven and one-half 
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million acres of cropland each year. 

This continuing trend is certainly 
serious in its long-term implications, 
for there is comparatively little addi¬ 
tional land to be reclaimed. Even the 
most optimistic plans of the Bureau of 
Reclamation contemplate the reclama¬ 
tion of only six million acres of new ir¬ 
rigated cropland by 1975. If reclaimed 
today, this would supply enough food 
for new mouths alone for only three 
years. It seems probable that unless 
some miracle occurs far more wonder¬ 
ful than the increase in production per 
acre over the last fifty years, or unless 
we derive new food supplies from the 
air or sea, we are going to be bank¬ 
rupt in our food account in another 
hundred years. 

However, we have surpluses now, 
and for the next tliree to seven decades 
we should still have enough to keep us 
well fed. Productivity per acre on our 
good land will continue to increase, for 
our farmers have only begun to apply 
the knowledge that exists. And today 
a full 90 per cent of our food comes 
from the best 50 per cent of our farm¬ 
land. The poorer 50 per cent, which will 
probably have to be retired soon, pro¬ 
vides a very small part of our total 
supply today. Carskadon and Modley 
state (1949, p. 94) that, if under pres¬ 
sure we really want to extend our¬ 
selves, we can crop more than an addi¬ 
tional one hundred million acres—one- 
third more than now—by plowing our 
pastures, by clearing unproductive 
woodlands, and by draining and irrigat¬ 
ing. In short, we can still put more 
pressure on our land. “We could then 
boost our food production totals half 
as much again. This gives us some idea 
of the power of America to bring forth 
food from our soil.” To be sure, to do 
this could finally mine the land of its 
productive power. But, unless we at¬ 
tempt to feed the rest of the world, it 
does give us assurance that we can pro¬ 
duce plenty of food in the coming dec- 
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ades—a time in which we shall be fac- 
ing, and, we hope, solving, the problem 
of our Jong-term future. 

So much for soil for the short run. 
Turning to forests, we see a slightly 
less pleasant picture. We will certain¬ 
ly be short of saw timber in the next 
seventy years, even if every last tall 
tree on accessible land is cut. It will be 
after that time that our current replant¬ 
ing programs, commenced in the name 
of conservation, will begin to produce 
fully mature saw timber—and then only 
if we are willing and can aflFord to let 
it grow to maturity. Even so, the situa¬ 
tion is not desperate. We are using less 
wood for construction purposes all the 
time—more plastic, glass, aluminum, 
concrete, and brick. We are more and 
more using small trees, quickly re¬ 
placed, in the form of plywood and 
veneer, and we are beginning to use 
hardwood in place of soft. Pulp for pa¬ 
per and plastic is already being pro¬ 
duced commercially from hardwood. 

A substantial part of our presently 
existing forest resource is in farm wood 
lots, and these we, as a nation, have 
only begun to nurture and use com¬ 
mercially. Good management of small 
forest holdings is difficult to achieve, 
because most of them are an integral 
part of lands used primarily for farm 
and grazing purposes. The truck farm¬ 
er, or even the wheat farmer, is con¬ 
cerned with annual plowing, planting, 
and harvesting of crops and with mar¬ 
keting; he may use his wood for fence- 
posts or firewood, but he also lets his 
cattle graze over young forest growth; 
and he is frequently persuaded by an 
itinerant sawmill operator to sell all his 
frees at one fell swoop for ready cash 
at a tenth of their true worth. Substan¬ 
tial wood lots are often clean-cut and 
not replanted. As of 1954 our farm 
wood lots, tremendously important in 
the aggregate, made up 57 per cent of 
all our remaining timber, yet they are 
the least well managed of all woodland 


holdings. They are thought of as minor 
appendages by farmowners and are 
treated as such. A proper expenditure 
in training for conservation manage¬ 
ment of farm wood lots can do much to 
help us through the lean period. 

Granted a modicum of thrift, salvage 
of current waste, extension of fire pro¬ 
tection and pest control, and full utili¬ 
zation of known substitutes, we should 
have enough wood to last through the 
year 2000. We shall not be like those 
of our contemporaries in India, who 
have now to burn dung for cooking 
and for warmth instead of using it to 
restore the fertility of the earth. 

Water is another matter. Water is the 
one essential resource without which 
we should have no production from 
our soil, no forests, no industry, no ani¬ 
mals, no beauty—no life at all on earth. 
Most of the time, in one place or an¬ 
other, man is either suffering from 
floods, exerting all his effort to get rid 
of excess water to avoid disaster, or suf¬ 
fering from drought, exerting his skill 
and knowledge to tap new sources, 
bring water from far away, make rain, 
or somehow tide over his thirsty crops 
and his thirsty industrial processes un¬ 
til more rains come. Only three-tenths 
of I per cent of all the rain that falls 
on earth is available when and where 
needed for man's use. Total runoff is 
twenty-six hundred times the total 
withdrawal for use. 

Man's demand for and consumption 
of water is increasing each year out of 
all proportion to population growth. 
Not only do we use more water all the 
time for agricultural and domestic pur¬ 
poses but industrial demands are ever 
more exorbitant. Much water used in 
industry can be re-used after purifica¬ 
tion, recooling, or other processing at 
large expense, but the greater part of 
it cannot be economically used again. 
And industry is constantly expanding. 

It appears now that in many places we 
may be shorter of available water than 
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of any oth(‘r <‘sst*ntial resource to en¬ 
able us to continue our economic ex¬ 
pansion in the decades just ahead. 

Nevertheless, these increasing short¬ 
ages of water will not stop prosperity 
in the next sixty years. There are ways 
of storing underground, as well as on 
the surface, more of the water that now 
runs off, and ways of reducing waste. 
Industry and federal and state govern¬ 
ments are gradually becoming aware 
of this threat to progress, and their 
geologists, engineers, agronomists, and 
hydrologists are combining to make 
more fresh water available in quantity 
in many places to meet the imperative 
needs of agriculture and industry. This 
is costly in the beginning, but it will be 
done. 

The problem of storing vast quanti¬ 
ties of flood waters which now course 
wasted and threatening down our in¬ 
land rivers from the melting snows and 
rains of spring cannot be solved by ex¬ 
pensive engineering alone. Millions of 
dollars are already programed for up¬ 
stream development as well as for con¬ 
struction of multiple-purpose main- 
stem dams. 

The United States government has 
recently appropriated two million dol¬ 
lars for research on methods of con¬ 
verting salt and brackish waters to 
usable freshness. Five or six different 
processes for doing this have been de¬ 
veloped; all require some form of heat 
and power, and the cost of the de¬ 
livered product today exceeds economic 
feasibility. But costs of conversion are 
coming down, and the value of avail¬ 
able fresh water is going up. Conver¬ 
sion processes at a price, if necessary, 
will help take care of expansion in the 
decades ahead. 

Rain-making, by artificially seeding 
clouds under suitable meteorological 
conditions, is still a controversial sub¬ 
ject. There is a lack of adequate cli¬ 
matological, meteorological, and other 
data needed to ascertain whether. 
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where, and how storms can be con¬ 
trolled to produce more or less precipi¬ 
tation in any one place, particularly 
without causing unnatural flood or 
drought somewhere else. If enough 
data can be collected and the problem 
of meteorological controls solved, we 
may in the coming decades see the end 
of water shortages. 

While sufficient fre.sh water to assure 
prosperity ahead is not everywhere 
available today, we know that more 
than enough water falls on the United 
States each year to meet our every 
need and can be made available at a 
price, just as sweet water can be con¬ 
verted from the ocean at a price if 
necessary. The evidence is that ade¬ 
quate fresh water will be available to 
us in the next sixty years as we curtail 
waste and pollution and develop new 
programs of conversion, storage, and 
delivery. This does not mean that in 
the distant future we may not go the 
way of previous civilizations—of Baby¬ 
lon and Tyre and Sidon—which de¬ 
nuded their lands, neglected their water 
sources, and became arid deserts. It 
means that we shall have time yet, in 
the age ahead, to avert such catastro¬ 
phe—if we will. 

Power we shall have in plenty. There 
are still huge untapped sources of hy¬ 
droelectric power in the upper reaches 
of the Missouri, Columbia, and Colo¬ 
rado rivers, if we should be foolish 
enough to insist on tapping them at the 
expense of other greater values, includ¬ 
ing wilderness and recreation. Several 
variant sources of power known today 
may turn out to be less costly than the 
more remote hydroelectric storage 
projects we now have planned. For we 
have found of late that the cost of big 
dams is greater than we knew, because 
we failed to include as part of the cost 
public losses from the inundation of 
productive valleys, evaporation, silta- 
tion, and loss of million-dollar fisheries. 

Power from lignite, which is avail- 
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able in some areas in large quantities, 
has already been produced at a cost 
per kilowatt hour, after sale of by¬ 
products, considerably less than that of 
more remote hydroelectric power. 
Progress in the de\'elopment of power 
from atomic fission for peacetime uses 
has been remarkable. While compara¬ 
ble prices are not yet available, we 
know we can have atomic-powered ma¬ 
chines and plants of many kinds and 
that we may thus be spared additional 
hydroelectric dams on our great rivers. 
Progress has also been made in har¬ 
nessing solar energy, though not yet at 
competitive cost, and the experiment of 
harnessing the Qiioddy tides has been 
revived. At any rate, whatever the 
cheapest source, there will be ample 
power for this golden-age-to-be. 

The condition of our metal supplies 
for the near future is also related to 
cost~in this case cost of extraction and 
refinement. We shall run out of high- 
grade ores, particularly iron, lead, and 
zinc, in the years immediately ahead. 
But we can turn to lower-grade ores to 
meet industrial needs, particularly as 
methods of extraction and use become 
more economical and as the salvage of 
used metals is .stepped up. Our copper 
should last another forty years, and it 
is probable that we shall stockpile a 
large part of our production of this and 
of other scarce metals as we increase 
and seek to maintain, as long as pos¬ 
sible, imports from abroad. 

It does produce an uneasy feeling to 
contemplate the rapid rate of exhaus¬ 
tion of some of the world's important 
mineral supplies. There will be grad¬ 
ual curtailment of the use of many 
presently essential minerals. Ultimate¬ 
ly, unless adequate substitutes are 
found, we shall have no more to use. It 
is difficult to predict exactly when the 
pinch will really come or when the rate 
of our industrial expansion will be 
forced to slow down because of short¬ 


ages of raw materials. But it will not 
be tomorrow. 

In summary, it does seem certain that 
for the next sixty years, no matter how 
profligate we continue to be, we shall 
have enough natural wealth at our dis¬ 
posal in one form or another to feed 
ourselves and most of the man-made 
machines and laboratory processes 
upon which present prosperity depends. 
We shall have time and wealth to face 
up to the problem of how to save pros¬ 
perity. 

Wc Are Entering a Period of 

Abundant Leisure 

Until very recent times man applied 
his own efforts, aided only by other 
animals, fire, flowing water, and his 
handmade tools, to produce a liveli¬ 
hood from the earth. Today manpower 
is less and less needed to deliver the 
wonders derived from the earth's 
wealth to man's use. For almost a half- 
century great mechanical excavators, 
harvesters, and machine tools have been 
helping to ease the work of man. To¬ 
day giant computers and almost auto¬ 
matic factories are beginning literally 
to perform man's work for him. Pow¬ 
ered by ample, low-cost electricity, 
mineral fuels, and even atomic and solar 
energy, these will produce far greater 
wealth in far less time than ever could 
be done before. 

In this mechanistic century, even be¬ 
fore the creation of man's incredible 
new automatic tools of production and 
the development and use of feedback 
circuits, man-hours of labor were de¬ 
clining while output of wealth per man¬ 
hour and take-home pay increased. 
There are many variables in computing 
man-hours and output. Economists and 
statisticians differ in detail on the rec¬ 
ord, but all agree on the actuality of 
the trend. Let us examine the trend be¬ 
fore the rise of automation. 

One important study of America's re- 
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sources, made in 1947 by the Twentieth 
Century Fund, reports (p. 695) that in 
1850 the average human work-week in 
industry was 68.0 hours; in 1890 it was 
58.0; in 1910 it was 53.0; in 1920 it was 
48.0; in 1940 it was 41.7; and, by cur¬ 
rent report, in 1950 it was 39.0. 

A 1953 study by W. and S. Woytin- 
sky on world population and produc¬ 
tion reports that the average work-week 
in the United States declined from sev¬ 
enty-two hours in 1850 to forty hours 
in 1950. Over the last century, they tell 
us, average hours per week worked in 
the United States declined nearly 50 
per cent; for the world as a whole they 
declined slightly more than 30 per cent. 
The average decline per decade from 
1850 to 1940 was three hours, but from 
1910 to 1950 the decline was four hours 
per decade. If we project this rate of 
decline forward five more decades, we 
would have the twenty-hour week. 
This trend has occurred without bene¬ 
fit of automation, which has enjoyed 
limited industrial application only in 
the last five years. 

This reduction in the average num¬ 
ber of hours per week worked in in¬ 
dustry has been accompanied by con¬ 
tinuously increased productivity. In the 
last fifteen years, since 1939, output per 
factory in the United States has in¬ 
creased 37 per cent. Average hourly 
pay per week has increased 170 per 
cent. In 1940, before the war, the value 
of our factory output averaged 74 cents 
per man-hour. Despite and because of 
retooling and postwar readjustments, 
the factory output in 1950 averaged 
87.5 cents in 1940 prices. Our yearly 
consumer income per capita in 1932 
was $610. In 1950 it was $1,140. This 
includes every man, woman, and child. 
Income per family unit, which was 
$2,050 in 1932, had increased in con¬ 
stant dollars to $3,420 in 1950. This in¬ 
cludes farm families as well as the fam¬ 
ilies of industrial workers. It measures 


increased national prosperity despite 
the decline in hours worked. 

Have man-hours decreased on farms 
as well as in factories? There are still 
no regular or fixed hours of work for 
the man who cultivates the land or 
husbands domesticated animals. But 
the trend in total number of man-hours 
worked per unit of production is down 
even more than in industry. In 1870, 
53 per cent of the total United States 
labor force worked in agriculture. In 
1952 only 10 per cent worked in agri¬ 
culture. Between 1900 and 1950 agricul¬ 
tural production increased 80 per cent. 
Mechanization, plus better farming 
practices on more acres, development 
and use of better seed and fertilizer, 
and improved animal and plant genet¬ 
ics are causes. As recently as 1920 there 
were 11.5 million gainful workers in 
agriculture, 25 million horses, and 
200,000 tractors. In 1940 there were 
about 9 million gainful workers, 14 mil¬ 
lion horses, and 1.5 million tractors. By 
1950 there were less than 7 million 
workers, 7.5 million horses, and 3.5 
million tractors. The important point is 
that, with constantly decreasing man- 
liours and horse-hours worked on our 
farms, the farm product and the farm¬ 
ers' income have increased along with 
the product and income of industrial 
workers. 

On the basis of increasing use on the 
farm and in industry of modern ma¬ 
chines and tools with which most of us 
are now familiar, at least by photo¬ 
graph and description, it is evident that 
the trend in hours per week worked, as 
production increases in the decades 
ahead, should continue downward. The 
individual worker will have more and 
more free time to suffer or to enjoy as 
his earnings continue to grow. 

Now let us look at the miraculous 
new labor-saving devices just coming 
into use and try to understand how 
they work—what there is incorporated 
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in them that is so radically different 
from and more effective than anything 
we have had before. Perliaps the sim¬ 
plest and clearest assembly of “non¬ 
technical” descriptions of these new 
wonders is contained in a special issue 
of Scientific American devoted exclu¬ 
sively to this subject in September, 
1952. This was followed by innumtjra- 
ble scientific and technical treatises in 
engineering and electronics publica¬ 
tions. 

Auiomation* is the word used to de¬ 
scribe the employment of automatic 
machines in industrial production—ma¬ 
chines operated by machinery instead 
of men—to perform one function or a 
great number of complex functions 
faster and more accurately than human 
beings, regardless of numbers, have 
ever been able to perform them. An in¬ 
creasing number of automatic machines 
utilize feedback circuits, electrical or 
mechanical, to achieve and control high 
jiroduction speeds. 

Feedback uses the output of a ma¬ 
chine to control the intake and, there¬ 
fore, the speed and functioning of the 
machine itself or any number of its 
parts. James Watt is credited with de¬ 
signing for his steam engine a novel de- 
v'ice, the first mechanical governorF to 
maintain a relatively constant .speed for 
that engine regardless of its work-load 
without manually advancing or retard¬ 
ing the throttle; as the revolutions 
slowed down, the throttle automati¬ 
cally advanced, and, as the revolutions 
speeded up, the throttle automati¬ 
cally retarded. Tliis is a simple ^nd 
probably the first example of mechani¬ 
cal use of the feedback principle. To¬ 
day the principle is applied electrically 
by coupling a generator to the drive 
motor and to a magnetic brake. As the 
motor speeds up, the voltage from the 
generator increases, the brake tightens, 
and the motor slows down—and vice 
versa. A point of equilibrium can thus 


be automatically reached and main¬ 
tained regardless of load variations. 

What has been needed to make vari¬ 
ous manufacturing processes, operating 
instruments, and complex computing 
machinery automatic is some way to 
compensate for variables—for internal 
and external environmental changes. 
Such internal automatic control is now 
possible. 

There are still limitations to the in¬ 
dustrialists’ dream of a completely au¬ 
tomatic factory manned only by but¬ 
ton-pushers and a few trouble-shooter 
repairmen. But, as more and more of 
the processes of production become au¬ 
tomatic, the dream comes closer and 
closer to attainment. The limitations are 
less in perfection of the machines than 
in the human “programing” which must 
be perfected before the machines can 
be set to turn out their product. 

What is the meaning of this in terms 
of time and leisure for Americans in 
the next few decades? First of all, it is 
clear that industry is going to proceed 
with automation just about as fast as it 
can prepare to use it—that is, master 
the programing aspects of its use. Al¬ 
ready the proportion of annual invest¬ 
ment in new equipment which is going 
to automatic controls has begun to sky¬ 
rocket. From 1948 to 1954 total expend¬ 
itures for plant and equipment in¬ 
creased about 12 per cent. During the 
same time expenditures for automatic 
control devices increased 100 per cent. 
That this is profitable investment is 
shown by the fact that there is in in¬ 
dustry today a steadily decreasing ratio 
of fixed investment per unit of output 
and an accelerating decrease in man¬ 
hours per unit of output. 

This does not mean that there will 
be mass unemployment. There will be 
as many or more jobs as there are to¬ 
day, but they will require fewer hours 
of work from each worker each week. 
The drudgery-type jobs will gradually 
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diminish. Leontief says (1952) that 
man has already “all but ceased to be 
a lifter and mover and [has] become 
primarily a starter and stopper, a set¬ 
ter and assembler and repairer. With 
the introduction of self-controlled ma¬ 
chinery, his direct participation in the 
process of production will be narrowed 
even further.” This will mean retrain¬ 
ing and upgrading of the labor force, 
a task which we found not overly diffi¬ 
cult during the shortage of skilled 
tradesmen in World War II. The task 
is eased by the increasing emphasis, 
whether good or bad, on vocational 
training in our high schools and the 
ever increasing attendance at our tech¬ 
nical colleges and graduate schools. 
Skilled workers, clerks, and profes¬ 
sional personnel already make up 42 
per cent of our working population. 
Since product is increasing out of pro¬ 
portion to capital outlay, the business 
community would be foolish indeed to 
reduce take-home pay of so large a 
part of its consuming market while its 
profits are mounting, even though this 
may mean a drastic increase in hourly 
wages. 

Indeed, Stuart Chase points out 
(1954, p. 10) the advantage to industry 
in providing more leisure time without 
decreased earnings. “The industrial 
worker,” he says, “must have time to 
practice the arts of consumption if in¬ 
ventories are to be cleared. Abundant 
leisure will provide added employment 
in the trades which supply the means 
and materials of recreation.” 

If wages stay up and profits remain 
high, as they can well do so long as raw 
materials are available at reasonable 
prices, it is not likely that there will be 
produced more than our mounting pop¬ 
ulation will consume. Sumner Slichter, 
the Harvard economist, bears this out 
when he says (1954): “Fears that de¬ 
mand cannot be expected to rise rapid¬ 
ly enough to provide sufficient jobs are 


out of date,” and he adds that through 
industrial research for promotion “the 
demand for goods can be made to grow 
as rapidly as our capacity to produce 
goods.” 

The point of all this is not that every¬ 
one of us will have less paid work to 
do in the years ahead. The evidence is 
that there will be more jobs, as produc¬ 
tion rises, requiring less time and less 
effort of each worker per unit of pro¬ 
duction. But, regardless of whether 
additional jobs do keep pace with re¬ 
duced labor requirements, individuals 
will work shorter and shorter periods 
of time each week. Some may be en¬ 
gaged for only four hours a day in a 
five-day week. Others may work eight 
hours a day for only two and a half 
days a week. But very many will have 
one hundred and thirty to one hundred 
and fifty free hour.s a week to concern 
themselves, if they will, with the prob¬ 
lem of assuring that the leisure, pleasure, 
and plenty which they enjoy can con¬ 
tinue to exist in times beyond their 
own. 

Leisure and Plenty Can Change 
Our Faith and Dream 
Leisure and plenty in the next dec¬ 
ades will expose the people of America, 
as never before in this industrial age, 
to variant ways of life. People will be 
engaging in individual activities of 
many sorts for which there was not 
enough time before. They may well 
begin with simple new hobbies, home 
crafts and arts, and lead into extended 
work for improvement of the home en¬ 
vironment and, later, the community 
environment. There will be time for 
new forms of recreation, much of it 
outdoors, introducing many urban 
dwellers for the first time to the land, 
the mountains, and the sea. This will 
bring them into closer contact with na¬ 
ture and natural resources and will help 
to develop growing awareness of re- 
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source depletion. The problem will be 
to channel the opportunity for aware¬ 
ness to the grand account of ultimate 
survival. 

In good times there is willing mass 
acceptance of things as they are. We 
shall have to help cultivate individual 
awareness of the eternal importance of 
man*s relationship to the earth and its 
resources; we shall have to find leader¬ 
ship to induce action to hold the pros¬ 
perity we have. The motive cannot be 
material alone. We must be concerned 
with the future of the spirit as well as 
with the future of the machine. It is 
not we but generations unborn who 
must concern us. What we shall need is 
cultivation of a new ethic in and for 
this age of leisure. 

It should become more feasible to 
acquire such an ethic as we achieve 
the leisure that will give us time to 
recognize the need. With leisure, after 
the first burst of relaxation, will come 
contemplation born of a kind of rest¬ 
lessness, the will not to be idle, and 
with it a will to find meaning in life. 
This, in time, will produce the kind of 
attention to nature and natural things 
“in which man begins to see how 
worthy of veneration they really are." 

Given all the leisure in the world, 
Americans would not long be inactive. 
As Stuart Chase says (1954, p. 10): “A 
man must have something to do, prefer¬ 
ably something he can believe in, if he 
is to keep sane. His whole nervous sys¬ 
tem is geared to survival activity." 

And Josef Pieper, one of the reli¬ 
gious philosophers who has analyzed, 
this problem, says also that opportunity 
for leisure is not enough to make lei¬ 
sure fruitful. He asserts (1952), after 
Plato, that leisure must become “a fes¬ 
tive companionship with the Gods" and 
be, as Aquinas phrased it, “at once a 
sacrifice and a sacrament." 

This is rather a heady way of putting 
it, but it is clear enough that man is 
going to need an ethic for his con¬ 


science and his discipline in the wise 
pursuit of leisure. The trouble with the 
proposals of Plato and Aquinas today is 
that we Americans are likely to prefer 
“overtime work at overtime pay” on the 
dreariest belt line to constant celebra¬ 
tion of a sacrament. 

Obviously an ethic implies faith in 
something—“something a man can be¬ 
lieve in"—something important enough 
to change his use of leisure from rou¬ 
tine conformity and make of it a worth¬ 
while and therefore satisfying—festive, 
if you will—contribution toward the 
realization of a purpose. This is what 
we greatly need. Stuart Chase gives us 
a clue to this modem faith when he 
refers to man's inherent need for “sur¬ 
vival activity." In both the Greek and 
the Latin derivations of our word "lei¬ 
sure," skole and schola, the meaning is 
“work, discipline, activity.” It is pos¬ 
sible that activity for survival—of re¬ 
sources, of prosperity, of the race—can 
become the purpose of the age ahead. 
It is unthinkable that as a nation we 
should bask idly in our new luxury of 
machines and leisure or that we should 
“eat, drink, and be merry, for tomorrow 
we die," while we leave to succeeding 
generations of baskers the knowledge 
that men are coming closer all the time 
to the day when they will have con¬ 
sumed the earth's remaining resources, 
made barren the land, and ended sur¬ 
vival opportunity forever. 

An ethic for our new age of leisure, as 
we see it develop, can be based upon 
a clear-cut survival activity: effort to 
develop such an understanding of our 
relationship to the natural world and 
its resources that we find a way not 
only to enjoy plenty through leisure 
but help to create it; to create more 
than we consume so that we do not 
ultimately come, after a few more dec¬ 
ades, to the end of prosperity. 

Of course not everyone will have a 
hundred and thirty hours a week of 
leisure, but more and more of us are 
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going to have more and more free time. 
We can waste it as a nation or we can 
use it to preserve our wealth and pleas¬ 
ure for succeeding generations. If we 
do not do the latter, the future looks 
dreary indeed. How can this diverse 
nation find its way to the fashion or the 
faith or the ethic which will save the 
world? It can do so only through indi¬ 
vidual and group activity in the im¬ 
pending golden age. 

By what processes can we find, amid 
leisure, pleasure, and plenty, the will 
to devote supreme effort to the suste¬ 
nance of natural resources? Walt Whit¬ 
man wrote: “Perhaps, indeed, the efforts 
of the true poets, founders, religions, 
literatures of all ages, have been and 
ever will be essentially the same—to 
bring people back through their per¬ 
sistent strayings and sickly abstractions 
to the original concrete”—which he de¬ 
fines, in the words of Marcus Aurelius, 
as “a living and enthusiastic sympathy 
with nature.” 

Human experience has shown that 
man will always work and fight for the 
survival of his family, home, commu¬ 
nity, state, and even civilization when¬ 
ever he is aware of grave danger and 
of the kind of cfiEort required of him. 
If men recognize today the danger 
ahead from continuing overconsump¬ 
tion of resources and basic lack of hu¬ 
man sympathy with nature, they will 
seek remedies. There is evidence al¬ 
ready that they are beginning to com¬ 
prehend. Leisure will advance that 
comprehension as more and more free 
time is devoted to the improvement of 
local environment, even without distant 
vision. Vision is expansive. As sympathy 
and comprehension grow locally, more 
and more men will begin to organize 
and work on the grand scale, using 
leisure “in sympathy with nature” to 
turn the tide of resource destruction. 

This will not be any sentimental re¬ 
turn to the nineteenth century’s nostal¬ 
gia for a “Blue Flower,” or flight from 


reality to ivory towers of the Romantic 
Age. This will be a hardheaded, hard¬ 
working alliance of men with both na¬ 
ture and science to engineer a solution 
for survival. It will mean a new appli¬ 
cation of man’s old will to serve him¬ 
self and others too. 

Whitman’s concept of “sympathy 
with nature” sounds vague and philo¬ 
sophical, but it is basic and can be 
highly practical. Its importance is at¬ 
tested by ageless rc-emphasis in the 
literature of history, religion, and art 
of all races as a main truth of existence. 
Yet the concept has never before been 
connected so directly with impending 
destruction of prosperity and life itself. 
A feeling for nature has always existed 
in man; his will to prosper as well as to 
survive has always existed—but the re¬ 
lation of that feeling and will to the in¬ 
creasing decline of world resources has 
not been significant in the past. It is 
evidently significant now. 

But, even though men come to com¬ 
prehend its significance, the concept 
will remain inchoate unless the result¬ 
ant feeling for nature and our will to 
survive are translated into truly com¬ 
mon motive, thought, and action. A 
turn of the tide will be attained only 
when those who are not poets, dream¬ 
ers, mystics, or reformers choose to de¬ 
vote time and effort to this human serv¬ 
ice above all other. 

Let us consider the kinds of human 
service from which we shall have to 
choose. For ages we have conceived 
that the most worthy human service 
for those with leisure is charity. Char¬ 
ity has assumed many forms. Today 
amateur “social service” is no longer 
sufficient. In addition to time, the tithe 
which men once were expected to give 
to help the poor is now exacted through 
taxation and goes to provide slum clear¬ 
ance, modern housing, health clinics, 
employment service, job insurance, old 
age benefits, playfields, beaches, and 
swimming pools. We the people have 



1004 Mans Role in dhatwinfi i/ie Fan^ of ///c Fa//// 


accepted the view that social service is 
a public responsibility to be adminis¬ 
tered by those professionally trained. 
Accordingly, leisure-time social service 
has turned more and more in the direc¬ 
tion of study and participation in edu¬ 
cational and civic enterprises. There is 
still time given to fund-raising for pri¬ 
vate charity and church, but personal 
participation in useful, unpaid activity 
is increasingly related to the develop¬ 
ment of group pressures to improve 
parent-school relationships, town and 
district planning, development of rec¬ 
reational facilities, and encouragement 
of better governmental practice in the 
handling of health, housing, delinquen¬ 
cy, and community resources. In short, 
welfare endeavor is directed to en¬ 
vironmental rather than individual re¬ 
lief. This is an encouraging trend. 

At the same time there is excessive 
concern over personal security—job in¬ 
surance, old age and disability pen¬ 
sions, and governmental protection in 
crowded communities which no longer 
expect the individual to protect him¬ 
self. But it is becoming apparent that 
security is decreased rather than in¬ 
creased by dependence on machines. 
Judge Learned Hand has said that the 
new devices of science, industry, and 
government have their perils: “They 
lull men into the belief that because 
they are severally less subject to vio¬ 
lence, they are more safe; because they 
are more steadily fed and clothed, they 
are more secure from want. . . . Our 
security has actually diminished as our 
demands have become more exacting. 
Our comforts we purchase at the cost 
of a softer fiber, a feebler will and an 
infantile suggestibility.” A new respect 
for environment will make both gov¬ 
ernment and machines seem less impor¬ 
tant. 

The will to serve continues to exist 
and will grow, with added leisure, 
along new lines. This will to serve is 
the will to do. It is in our inheritance 


and has long been in our blood as a 
people to do what has to be done, and 
what we cannot do alone, through 
group effort Barn-raising, the husking 
bee, the quilting party, building the 
frontier church, the western trek, the 
underground railroad—are all examples 
of realization of individual needs and 
aims through group action. As a people 
we will still do, in groups, what needs to 
be done when we recognize the need. 

This will to group service is the 
greatest asset we shall have in the age 
of leisure. As we become increasingly 
aware of dwindling natural resources, 
we will join more and more in local 
and national efforts to balance the crea¬ 
tion and consumption of raw materials. 
This will not be a sterile or lonely use 
of leisure, for it will bring us into con¬ 
tact with sentient citizens of all kinds 
—landowners, scientists, civic leaders, 
and technicians who know the land 
and the pressures on it and on our 
security—in what may be the greatest 
of all charities: the improvement of 
environment in relation to life for the 
present and future betterment of all 
living things. 

There are many ways we may use 
our leisure through existing local and 
national groups, most of which are 
constantly seeking more working mem¬ 
bers and which are striving to help 
America meet the resource problem at 
home and throughout the world. There 
are associations made up of citizens 
interested in particular subject matter 
such as farming, forests, range manage¬ 
ment, sports fishing, or reclamation. 
There are watershed associations and 
soil-conservation districts, conservation 
workshops of all kinds for laymen and 
teachers, park associations, recreation 
associations, wildlife study clubs, and a 
host of local and federated women’s 
organizations, garden clubs, and voters’ 
leagues which have conservation com¬ 
mittees to study, plan, and lead action 
programs. 
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The Mid Century Conference on Re¬ 
sources for the Future (1954) empha¬ 
sized “the paramount importance of 
people working together, as individuals 
and as groups, to formulate and attain 
objectives in the resource field. . . . The 
interplay of many interests and forces 
will detc'rmine how well th(^ country’s 
resources arc used and how long some 
of them will last.” 

Resource study committees have 
been appointed by the United States 
Chamber of Commerce, the National 
Association of Manufacturers, the 
American Bankers Association, and the 
Congress of Industrial Organizations. 
I.,abor and industry both have a large 
stake in resources for the future. The 
storm warnings are out, and people 
with leisure as well as people with re¬ 
sponsibility for industry and govern¬ 
ment are recognizing the need to de¬ 
vote more of their time and thought to 
resource problems. 

There is opportunity for all and need 
for all who have leisure time to give 
and the will to serve the land they love 
as active members of hundreds or edu¬ 
cational group endeavors. For this sort 
of creative and satisfying pursuit there 
will never be too much leisure. 

Today a nation cannot win a mili¬ 
tary war simply by hiring professional 
soldiers and sending them to fight at 
the front. All the people have to pitch 
in together on land, on sea, and in the 
air—fighting, producing equipment and 
supplies, and sustaining the home econ¬ 
omy through mass effort. So the large 
task of trying to balance resource sup¬ 
ply and consumption for future sur¬ 
vival of prosperity is going to require 
the whole vigor of our people, each 
^^'orking in his own small area on a 
thousand varied fronts. Fortunately we 
still have time and the means to do this 
job. Leisure, pleasure, plenty, and the 
will to serve will help us do it. 

This implies a change of thought, a 
renunciation of false gods, shibboleths. 
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prejudices, customs—a changed way of 
life. But our life will be changed, willy - 
nilly, by leisure. At last we shall have 
time to face up to issues of human 
fertility, resource consumption and cre¬ 
ation, and the building of an ethic 
which will cause man to choose to use 
his time and his will to conserve all 
that is best in his environment. We 
shall have time also to participate in 
developing the patterns of govern¬ 
mental, business, and educational pol¬ 
icy related to resources and their use- 
patterns which will be ever changing 
in the decades ahead as we direct our 
force toward conservation of the re¬ 
source base. 

Currently developing patterns in 
education can help abundantly in the 
decades ahead. Granting that no man 
should be considered educated to meet 
the problems of this age without a 
minimum of knowledge about the 
earth’s resource and population trends, 
without comprehending the relation of 
life to its environment and the inter¬ 
dependence of all matter, we are con¬ 
fronted with the practical question of 
how our schools and colleges can man¬ 
age to supply this considerable infor¬ 
mation and comprehension within 
existing limits of time, curriculum, and 
facilities. 

With all the other vital problems in 
the world today—the new applications 
of science, the international conflict for 
resources and ideologies, the over¬ 
whelming issue of peace, international 
organization, the four freedoms, the 
constructive use of atomic energy, and 
dozens more—why ask education when 
or how it is going to begin to teach 
values and conservation? The answer 
is clear. These other ‘Vital” is.sues it is 
already teaching in manifold disci¬ 
plines; indeed, it is pointing most of its 
emphasis in all “general studies” to¬ 
ward these recognized majors. Yet 
there continues to be an almost com¬ 
plete lack of awareness of the related 
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underlying importance of population 
control and resource depletion and 
what they mean in terms of interna¬ 
tional conflict, the issues of peace, free¬ 
dom and prosperity, or the growth of 
communism in the world of tomorrow. 
This is itself a matter of \ aluc*s in c'dii- 
cation. It is clear that demography and 
ecology can be and are going to have to 
be integrated with these other modern 
majors as educational essentials. We, 
as citizens who participate on school 
boards and in parent-teacher associa¬ 
tions, who pay for the schooling of our 
children against tomorrow, are able to 
get these things taught when we will. 

These uses of leisure are all essential 
to the struggle that lies ahead. But they 
are only beginnings—conditioners, so to 
speak—for the acceptance of an ethic 
which will enable us to accomplish the 
ultimate, essential goal. 

Conditioning we may achieve. But in 
the end the only way to consume less 
raw material is by reducing individual 
and industrial consumption. If we are 
not to lower our living standards, we 
shall have to reduce the number of con¬ 
sumers. It is apparent that will take a 
very long time indeed, because we 
have as yet no natural control of hu¬ 
man fertility and because we are still 
prolonging life-expectancies and want 
to keep on doing so. The alternative is 
to cut back industrial consumption 
even though that does reduce the level 
of living. But could this be done, either 
voluntarily or by government rationing 
in an industrial nation such as ours, 
without causing economic depression 
and unemployment sufficiently pro¬ 
longed to bring about stagnation and 
decay? 

This is a problem our economists and 
sociologists need to study. Life was not 
apparently intolerable, even among the 
masses, before internal combustion en¬ 
gines were known to man. The first 
such engine was developed about a 
hundred years ago. The first oil well 


was drilled as recently as 1857. Oui 
first electric utility plant was con¬ 
structed in the 1880’s. Now our entire 
way of enterprise and life seems to be 
dependent on machines and power. 
Life might be harder once again, but 
it might still be good—tomorrow—with 
fewer machines and gadgets. 

That life may be quite tolerable with 
levels of living less advanced is sug¬ 
gested by the statistics on suicides set 
forth by Louis Dublin (1933): Suicides 
in the United States increased from 10 
per hundred thousand population in 
1900 to 18.8 per hundred thousand in 
1932. In rural Ireland in 1928 the sui¬ 
cide rate was 3.2 per hundred thou¬ 
sand, and in urban England it was 12.5. 
Suicides among the colored people of 
Alabama, 1925-29, were 1.8 per hun¬ 
dred thousand, while among the whites 
of Alabama, with a considerably higher 
level of living, they were 8.4; among all 
citizens in New York State and in Cali¬ 
fornia the rates were 15.7 and 26.3, re¬ 
spectively. It seems, indeed, that, the 
higher the level of living, the less toler¬ 
able life is. 

If initiated soon, and carefully 
planned, industrial cutbacks could be 
made gradually. In wartime we sur¬ 
vived very substantial cutbacks in pro¬ 
duction of consumers’ goods. Reduc¬ 
tion in the use of some materials might 
have to be more drastic and occur 
faster than reduction in the use of 
others. And the duration of the period 
of retraction would depend on the 
speed with which substitutes are de¬ 
veloped and productivity stepped up, 
as our scientists deliver on their prom¬ 
ises. Of course there would be some 
measure of business recession which 
would be painful. All tightening of the 
belt, all reducing of expenditure, to 
meet a lowering income is painful. 

But since, today, nature, man, and 
science are not reproducing nearly as 
much of some materials as they con¬ 
sume, and are not likely to do so while 
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our industrial civilization continues to 
expand, retraction is bound to occur 
sometime; it can occur gradually by 
plan, oi it will occur ultimately by 
force of eircumstance. Short of a mira¬ 
cle, we are going to suffer this pain 
eventually, and the sooner we begin 
balancing the budget, by plan, the less 
acute the pain should be. By early diag¬ 
nosis and treatment we may be able to 
prevent what otherwise could be a 
mortal process. This is not a happy 
thought, but it is a necessary conclu¬ 
sion. We are coming to a crisis that 
will require of this and future genera¬ 
tions conviction, courage, new values, 
and a new ethic to resolve. 

Sixty years is a short space of time in 
which to change our values, to regain 
a faith in nature, to preserve the 
sources of our prosperity, and to build 
an ethic for survival. It is hard, indeed, 
in prosperity, to see that what we have 
may not survive. Yet the prospect of 
leisure is propitious. For with leisure 
more of us are likely to turn to nature 
and become more aware of the state of 
our resources and the fact that they are 
the true source of prosperity and satis¬ 
faction. 

The will to conserve resources will 
not come from early warnings of the 
imminent danger of losing them, for 
those who cry ^danger" will be written 
off as “prophets of doom and gloom.” It 
will rise, if it rises at all, from a much 
stronger and better compulsion than 
danger. It will rise from a resurrected 
understanding and appreciation of life 
and an affection for the things that are 
fundamental—from spiritual adjust¬ 
ments we shall have time to acquire 
with leisure. It will rise largely from 
the very love of what we have and a 
growing desire to pass on to the future 
the things we love. 

Faith is something not always con¬ 
stant and not necessarily always good. 
We have today extraordinary faith in 
the virtue of progress. But, as we attain 
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progress, we find that some of its by¬ 
products are more gratifying than satis¬ 
fying. If we can resurrect a more nat¬ 
ural faith in things of the earth and of 
the spirit, we shall gradually become 
less eager to indulge in waste and idle¬ 
ness made possible by progress and 
more concerned with preserving the 
sources of prosperity. We shall drift 
further and further from reliance on 
what machines can do to give us grati¬ 
fication and turn more and more to 
what we and nature, working together, 
can do to succor prosperity of the earth 
and of the human spirit. For thcise are 
dependent one on the other. 

Survival may be the by-product of 
love of creation, not love of exploita¬ 
tion. We have worke^d for economic 
prosperity, and we needed it. Now 
that prosperity is reaching maturity at 
last, we could well transfer our faith to 
conservation. 

But how? It is apparent that man 
needs a new ethic for his conscience 
and his discipline in the wise pursuit of 
leisure. Such an ethic would need to be 
so appealing and compelling that it 
would cause us as a people not only to 
divert our use of leisure from routine 
acceptance of waste and idleness but 
also to channel it into individual and 
group activity to preserve material and 
spiritual prosperity. It has been sug¬ 
gested that we shall need leadership 
to translate such an ethic into a way 
of life that will create more than we 
consume, so that we do not ultimately 
come, after a few more decades, to the 
end of prosperity. 

In leisure, as men tire of idling, some 
of their free-tiine activities will certain¬ 
ly be directed to human service. More 
than a few of us will recognize that the 
salvation of prosperity is the most com¬ 
pelling human service of our time. 
Conservation discipline and action to 
save prosperity is idealistic; it is crea¬ 
tive; it deals in practice with the sci¬ 
ences; it is modern; it is ethical. But 
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does it provide spiritual and emotional 
overtones essential to a faith? 

Conservation, Paul Sears has said, is 
an attitude as well as a concept and a 
cause. The attitude is that of harmony 
between man and the life-forces of the 
earth—forces greater than man but of 
which man is a part and in which he 
does play both a destructive and a con¬ 
structive part. The concept is that 
man’s part should be constructive. The 
cause is nothing less than the survival 
of prosperity on earth. The way is 
through establishment of a continuing 
relationship betwt^cn man and his en¬ 
vironment, establishment of under¬ 
standing and discipline by which there 
is consumed each year less raw mate¬ 
rial taken from earth, sc‘a, and air than 
nature and man together create. 

Thus conservation is both profound 
and virtuous, for it serves the well¬ 
being of all of life as well as man’s 
need for material prosperity. Concept, 
cause, way, profundity, and virtue— 
here are the makings of an ethic. 

Conservation for prosperity appeals 
to logic also. It is practical as well as 
creative and con.structive. It is co¬ 
operatives and convivial as well as ubiq¬ 
uitous. It is consonant with the “join¬ 
ing** instinct and the “do-good” instinct, 
and it is respectable. It is educational, 
social, and political as well as scientific. 
It benefits the poor and debases no 
one. It links respect for the primitive 
with respect for the sophisticated; love 
of nature’ with love of the machine. It 
would build, not wreck. It would save, 
not destroy. It lifts man’s thought be¬ 
yond himself. 

What more can man a.sk of an ethic? 
Where else will he find so much? Such 
an ethic offers purpose and meaning 
for modern life. It provides temporal 
faith in material salvation compatible 
with spiritual faith in the salvation of 
the soul. 

This sense of the importance of con¬ 
servation, this goal of balancing the 


resource budget, this dedication to sur¬ 
vival of prosperity and ultimately of 
mankind, is something that can be un¬ 
derstood and accepted universally—and 
lived by in the decades ahead. It is 
clear that circumstances make such ac¬ 
ceptance possible. If accepted by even 
a few leaders in an age of leisure, more 
and more people will embark on indi¬ 
vidual and group activities and prac¬ 
tices that will increase their compre¬ 
hension of environment and bring new 
purpose to their lives. This will increase 
their readiness to accept and in turn 
express the ethic, and the mass of men 
may ultimately follow; for the enter¬ 
prise will be good, the practice bear¬ 
able, and the faith satisfying. There 
will be new purpose in life, and grad¬ 
ually, in practice, the budget will be 
balanced. 

With such an ethic there would be 
fewer unexpected children and fewer 
unneeded luxuries; gadgets would be 
made to last longer; there would be 
less waste. There would be increased 
productivity, less erosion and destruc¬ 
tion of soil, less escape of valuable 
w^ater, better forestry, more wildlife 
habitat, wiser husbandry of all re¬ 
sources. The bases of prosperity could 
be preserved. 

Once citizens in the age of leisure 
begin to apply their time and energy 
to social activities that develop aware¬ 
ness, to business activities that renounce 
overconsumption of resources, and to 
development of political and education¬ 
al policies that increase productivity, 
w^e shall be on the way to stability. 
Once citizens take active interest in 
these practices and active part in policy 
determination and execution, our dream 
will begin to be remade. Then we can 
be done with this ridiculous insistence 
upon industrial expansion and with all 
unnecessary production. Our goal will 
become industrial stability. Our civili¬ 
zation, so called, will have matured. 

We have talked about a coming 
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golden age—an age of plenty and an 
age of leisure. If we wisely use our 
senses and our courage, our spirit and 
our faith, our resources and our leisure. 


it will be better known to history as 
the “age of conservation”—an age which 
embraced an ethic and a discipline that 
saved prosperity. 
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Limitations to Energy Use 

CHARLES A. SCARLOTT” 


If the title of this paper were to be 
taken literally, it would be a very short 
paper indeed. In fact, it could be re¬ 
duced to one word: cost. The real limi¬ 
tations to energy use are not the abso¬ 
lute amounts of the various fuels in 
existence but the economics of making 
energy available from the sources 
where and when found and in forms 
suitable for use. It is a que.stion of 
how much pains we are willing to take 
and how much ingenuity we can mus¬ 
ter to the task. 

AMPLE ENERGY—AT A PRICE 

The earth is possessed of ample 
stores of fuels and of energy in other 
forms. Techniques for their capture, 
storage, transportation, and conversion 
as needed are known. If we were to 
lift the restriction of price, or if we 
were to become considerably more 
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Pittsburgh, Pennsylvania, as a technical edi¬ 
tor. For thirteen years he was managing edi¬ 
tor of the Electric Journal. In 1941 he estab¬ 
lished the company’s major engineering pub¬ 
lication, the WestirifThouse Engineer, and was 
its editor for fourteen years. He is the co-au¬ 
thor of several technical books, including Fun¬ 
damentals of Radio, 1944; Electronics for In¬ 
dustry (with W. I. Bendz), 1949; and Energy 
Sources: The Wealth of the World (with Eu¬ 
gene Ayres), 1952. 


clever in mining, the seams of coal 
threading the underground strata could 
alone carry the burden of man's energy 
requirements—as well as provide a 
large part of his chemicals—for thou¬ 
sands of years. The coal is there. The 
difficulties attendant to bringing it to 
the surface from great depths, from 
thin veins, or from badly faulted or 
tilted seams, or because of poor qual¬ 
ity, reduce the net amount that will 
finally be recovered to a small fraction 
of the gross. 

To a much lesser extent the same is 
true for petroleum and natural gas. 
How much of these deluxe fuels could 
be produced if money were no object 
is an open question. It is also an aca¬ 
demic one. In any case, both the prac¬ 
tically and the teehnically recoverable 
petroleum and gas are substantially less 
in terms of British thermal units (Btu.'s) 
than the solid fossil fuel that will even¬ 
tually be actually surfaced. 

The tonnages of oil presently locked 
in shale and in tar sands are almost 
astronomical. Even now the recovery 
of oil from shale borders on the eco¬ 
nomically feasible. If the allowable 
price could be doubled or recovery 
techniques improved, the inventory of 
potential oil from shale would be sub¬ 
stantial. Virtually nothing has been 
done about tar sands. The deposits are 
extremely large. But the economic dif¬ 
ficulties are also large—so much so that 
tar sands remain virtually unknown 
both in extent and as to technical feasi¬ 
bility of fuel recovery from them. 
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The world also has lots of peat. How¬ 
ever, as long as cheaper Btu.’s can be 
obtained in more convenient form in 
other ways, peat bogs will not be much 
disturbed except for certain local uses. 

The new star in the fuel firmament- 
fissionable materials—is still of uncer¬ 
tain siz(\ However, the successes of 
discovery already attained under the 
incentive of a guaranteed market and 
an artificial but moderately high price 
show that uranium ores will be forth¬ 
coming in much larger amounts than 
was believed possible five years ago. If 
we were willing to double or triple the 
ante for uranium ore, the quantities 
brought to market would rise in even 
greater proportion. Hundreds of spoil 
banks from old mining operations and 
many phosphate-fertilizer operations 
would become uranium sources. Carry 
the price high enough, and virtually 
every back yard as well as the ocean 
would become fissionable-fuel sources. 

Mr. Jesse C. Johnson, director of the 
United States Atomic Energy Commis¬ 
sion's Division of Raw Materials, sum¬ 
marized the situation of the uranium- 
ore reserve in 1955 as follows: 

Areas of the Free World now in produc¬ 
tion or under development have uranium 
resources in the moderate cost category 
(less that $12 per pound for uranium in 
a concentrate) that may be between one 
and two million tons. Considering the 
limited amount of exploration, there are 
possibilities of much greater tonnage. Cer¬ 
tainly the economic reserves would be 
greatly increased if uranium cost up to $30 
per pound could he considered. If the per¬ 
missible cost is increased to $50 a pound, 
vast low-grade deposits, such as shale and 
phosphate deposits, would become sources 
of production. Available resources could 
then be measured in terms of many mil¬ 
lions of tons of uranium. 

In addition to the non-renewable 
energy resources, some are sustained. 
The strength of the winds, the weight 
of the tides, and the temperature dif¬ 


ferences of the oceans contain, in the 
aggregate, great funds of energy. Since 
each has been tapped on occasion, we 
know it can be done technically. A few 
possible installations to function on 
these continuing energy sources are 
competitive, or close to being competi¬ 
tive, for special situations. However, 
the world will become extremely des¬ 
perate for Btu.’s before any of these 
will provide more than token amounts 
to the energy bank. 

Finally, we have the sun. Daily the 
earth is bathed in energy many thou¬ 
sands of times more than man, for all 
his voracious energy appetite, has 
found use for. Indeed, this resource- 
renewed every sunrise—appeals to 
many students of the energy situation 
as the ultimate bulwark against even¬ 
tual energy starvation. Such belief, 
coupled with certain encouraging de¬ 
velopments in radiant-energy capture, 
lies behind the resurgence of interest in 
solar energy. 

Thus, if man runs out of energy, it 
will not be because the various wells of 
energy have dried up. The limitations 
arc those of the pains man is willing to 
take to draw it out and his cleverness 
in doing so. 

NEWCOMERS TO THE ENERGY TABLE 

There are, however, several other 
limitations to energy use I wish to offer 
for your contemplation. These are cer¬ 
tain factors not commonly thought of 
as affecting energy use. I wish in this 
discourse to be selective rather than 
comprehensive. 

Inventories of economically recover¬ 
able energy reserves have been ade¬ 
quately set forth elsewhere. Further 
repetition until new data are available 
is pointless. The rates of population in¬ 
crease and the demands placed on 
energy resources by man’s rising stand¬ 
ard of living have been well summa¬ 
rized by others (Putnam, 1953). To have 
some numbers as guides, let us take 
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present annual consumption of fuels in 
the United States as about 500 million 
tons of coal, nearly 3 billion barrels of 
petroleum, and 10 trillion cubic feet of 
gas. 

Rising energy use is generally ac¬ 
counted for by man’s propensity for 
physical comforts—houses that are 
warmer in winter and cooler in sum¬ 
mer; automobiles with power steering, 
air conditioning, power-operated win¬ 
dows and seats, and rolling on soft, 
low-pressure tires; and the eminently 
desirable trend, though costly in ener¬ 
gy, to do the work of the world with 
machine instead of muscle. It is of little 
point for me to repeat these obvious 
items of increasing direct energy use. 

But there are other trends often over¬ 
looked in terms of their energy signif¬ 
icance. I shall address myself to these. 

Iron Ore 

Some of the diners crowding in for 
seats at the energy table are without 
invitation. It has been man’s habit to 
serve himself the choicest resources 
first. This has its justifications. It also 
has its consequences. 

We are, for example, witnessing a 
major, and energy-significant, shift in 
the source of iron. The deposits of soft 
red ore that have for decades been 
scooped by immense shovels from the 
gigantic open pits of the Mesabi Range 
in Minnesota, and used with little or no 
enriching treatment, are nearing their 
end. The steel industry is already in 
transition to using a concentrate won 
from flint hard rock called taconite. 
Much of this taconite is so hard that it 
defies the toughest bits. The rock is 
wrested from its bed by dynamite 
placed in holes formed by jets of flame 
of 4,500® F. moving 6,000 feet per sec¬ 
ond, created by burning kerosene and 
oxygen under pressure. The boulder- 
size taconite rocks must then be 
crushed and milled to the size of face 
powder, and the iron particles sepa¬ 


rated magnetically. By heat and the 
addition of carbon (i.e., fuel) the con¬ 
centrate must finally be re-formed into 
manageable lumps. Each of these steps 
consumes large amounts of energy. 

A ton of direct-shipping ore scooped 
from the dwindling Mesabi pits is 
ready, with no or only simple mechani¬ 
cal enrichment, for shipment to the 
blast furnaces and represents an energy 
investment of less than 5 kilowatt-hours 
(kw-h.) per ton. Taconite concentrate 
of equivalent iron content eontains 
about 75 kw-h. of electric energy plus 
the fuel used in processing. The total 
('nergy content of blast-furnace feed of 
taconite origin comes to something like 
thirty-five times more than for the ores 
concentrated and softened by nature in 
the past several million years. 

Many other minerals display this 
sam<‘ pattern of rising energy use—c op¬ 
per, for example. A few decades ago 
ore containing less than several per 
cent copper was ignored as worthless. 
Now, big open pits are operating on 
rock containing about 18 pounds of 
c'oppc^r per ton (0.9 per cent). This is 
possible, of course, because of the facil¬ 
ity with which mountains of material 
can be handled by machinery—petro¬ 
leum-consuming machinery. 

The light metals—aluminum, magne¬ 
sium, and more recently titanium—are 
taking larger places in the industrial 
economy. Each of these metals comes 
only with a high energy investment—a 
requirement established by nature, not 
by lack of man’s ingenuity. 

Synthetic Rubber 

Other newcomers in our industrial 
economy are more subtle in their im¬ 
positions on the energy supply. World 
War II forced the Western world to an 
independence of the hevea tree for rub¬ 
ber. Under the pressure of necessity, 
chemists learned how to produce it 
.synthetically, using ingredients that 
have their origin in fossil fuels. Thus, 
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in making rubber instead of growing it, 
another burden has been shifted from 
the sunshine of today to the sunshine 
stored in past millenniums. 

Consumption of synthetic rubber in 
the United States is now running about 
two-thirds of a million tons annually. 
To produce this much syntlietic rubber 
requires nearly a half-million tons of 
petroleum products. While probably no 
one begrudges synthetic rul3ber except 
the rubber-tree plantation owners and 
workers, it do('s represent—in the 
United States alone—about 100 million 
gallons of petroleum per year that we 
do not have to drive trains, airplanes, 
and automobiles, to build roads, or to 
heat homes. 

Latex-base paints have rocketed to 
great popularity. Even these, in their 
small way, have energy implications. 
In 1954 the people of America spread 
nearly 50 million gallons of latex paint. 
To make this paint required about 
10,000 tons, or nearly 3,000,000 gallons, 
of raw material that came from oil 
wells. Insignificant in the national to¬ 
tal, yes. But it combines with many 
similar little-observed developments to 
become a limitation to energy use. 

Man-made Fibers 

Another tree has figured in the shift 
from the energy of today’s sunshine to 
that of Paleozoic times. This is the mul¬ 
berry tree, the traditional origin of silk, 
long cherished by women for the lux¬ 
ury feel it gave to stockings and other 
garments. The silkworm has been large¬ 
ly displaced by the mechanical spin- 
ncrette that continuously extrudes the 
fabulous filament known as nylon. The 
300 million pounds of nylon currently 
produced yearly comes not from the 
ceaseless mastication of leaves by the 
silkworm but from prosaic lumps of 
coal or smelly crude oil. Gracing each 
nylon-encased feminine leg are at least 
750 Btu.’s of energy in raw materials 


alone. But let no man say it is not 
worth it. 

The ladies wear out about 600 mil¬ 
lion pairs of nylons each year. If all the 
raw materials for hose and other nylon 
products were to come from coal (some 
is now derived from petroleum and 
farm wastes), the annual production of 
nylon would require 300,000 tons of 
coal. 

Nylon was but the first of a large 
family of man-made fibers having their 
origin in fossil fuels instead of growing 
things, Dacron, Orion, Dynel, Acrilan, 
Saran, and others have become familiar 
household textile names. Production of 
th(\se man-made fibers in the United 
States (excluding the rayons and ace¬ 
tates, which originate in animal or 
plant fibers) amounts to about 200,000 
tons annually and is increasing. 

Plastics 

On almost every bathroom shelf and 
in almost every kitchen is something 
new-the squeezable^ bottle. This flex¬ 
ible, unbreakable bottle that has cap¬ 
tured our fancy and much of the mar¬ 
ket for cosmetic containers and other 
uses is made of polyethylene. It is only 
one of the new developments in plas¬ 
tics that is based almost entirely on 
crude oil and natural gas. Last year the 
United States consumed over 100,000 
tons of polyethylene, which called for 
some 100 million gallons of petroleum 
products. 

I.ooking at the plastics industry as a 
whole, we see that the numbers are 
becoming very large. About a million 
tons of plastics are currently being 
produced in the United States annual¬ 
ly. That represents a take of nearly that 
much tonnage from the fossil-fuel re- 
.serves. 

At the automobile shows and occa¬ 
sionally on the highways we have ad¬ 
mired the sleek lines of the plastic¬ 
bodied sports car. We fondly envision 
the day when a dented fender on a 
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new car will be less of a tragedy. How¬ 
ever, we may not have thought—and 
quite possibly should not think—of the 
Fiberglas plastic body in terms of the 
oil bank account. Just suppose, how¬ 
ever, that the day arrives when a sig¬ 
nificant number of the automobiles 
have them. Each 100,000 plastic-bodied 
cars will mean about 3,000,000 fewer 
gallons of fuel with which to run them. 

Detergents 

For centuries man has freed his 
clothes of soil with soap made from 
animal greases or tallow or from veg¬ 
etable oils. The last decade, however, 
has seen this time-honored practice up¬ 
set by the development of detergents. 
These have had phenomenal accept¬ 
ance. Starting from almost nothing in 
1944, United States production of de¬ 
tergents has grown to about a million 
tons per year. As a consequence, taUow 
in the United States is on the techno¬ 
logically unemployed list to the extent 
of about a billion pounds yearly, with 
the figure still rising. Detergents—it 
hardly need be stated—are made from 
chemicals originating in petroleum 
products. 

The list could be continued. But 
these suffice to suggest the many new 
seats being occupied at the energy 
table as scientists continue to learn to 
synthesize materials better than nature 
currently grows them. 

More Roads 

Other trends also qualify as new or 
increased users of energy. Seldom &re 
they thought of in terms of their energy 
implication. 

Take roads. The United States Con¬ 
gress is considering a program for an 
enormously expanded road-building 
program. The request is for an addi¬ 
tional $25 billion of federal money to 
be spent over the next ten years. This 
sum combines with other federal road- 
building funds and those provided by 


state, county, and city governments to 
make a total of $101 billion. 

With congestion mounting daily on 
the highways, most of us are prone to 
say that this new order of magnitude of 
road-building comes not a bit too soon. 

It is interesting, however, to measure 
the cost in terms of energy as well as 
dollars. 

From past experience, and averaged 
over the country as a whole, we can ex¬ 
pect that, in the execution of a $100- 
billion road program, the earth-moving 
and road-building machinery and other 
equipment will consume the stupen¬ 
dous total of 15 billion gallons of gaso¬ 
line, oil, and grease. This is at the rate 
of 1,500 million gallons per year—which 
is to be compared with the total pres¬ 
ent United States annual consumption 
of motor fuel of 50,000 million gallons. 

Also to build that $100 billion worth 
of roads we must order 1,250 million 
barrels of cement and 30 billion tons of 
bituminous aggregates. To manufac¬ 
ture these 1,250 million barrels of ce¬ 
ment will require 30 billion kw-h. of 
electric energy and the equivalent of 9 
billion gallons of petroleum in direct 
heat energy. 

This road-building program does not, 
of course, re^present either all or the 
end of the job. It is recognized as 
simply an attempt to catch up with the 
needs of the voracious energy-consum¬ 
ing machine, the automobile. After 1965 
even larger expenditures of dollars— 
and energy—will be called for. 

These several facets of our expanding 
economy that have little-suspected in¬ 
fluence on the energy situation are by 
no means all. They are only illustrative. 
Each by itself is small when measured 
against the total direct energy con¬ 
sumption. They are presented here not 
as disquieting evidence of pending 
energy shortage but to help complete 
the picture of our future energy re¬ 
quirements. 

It is not suggested that we should 
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shut down any man-made fiber plants 
or synthetic-rubber factories or curtail 
the road-building program because 
they are eating into our fossil-fuel re¬ 
serves. Certainly that will not happen. 
But these facts do point to the growing 
need to adopt that other alternative to 
ease the pending limitation to energy 
use~increase the energy supply. 

LIMITATIONS TO SOLAR ENERGY USE 

Concepts like those just discussed 
make many observers believe it is pru¬ 
dent to intensify our efforts to utilize 
directly a portion of the tremendous 
shower of radiant energy from the sun. 
Encouragement for this belief comes 
from comparatively recent develop¬ 
ments in the laboratory, which suggest 
that practical ways of harnessing solar 
(*nergy for some purposes may not be 
distant. These include developments in 
solid-state physics, of which the silicon 
solar battery is a well-publicized exam¬ 
ple. Forced culture of low-order plants, 
such as algae, offers prospect that fur¬ 
ther development will make it a prac¬ 
tical source of fuel as well as food. The 
photosynthesis reaction is still a mys¬ 
tery in spite of extensive studies of it. 
However, both organic and inorganic 
photosynthesis reactions will probably 
be mastered without plant or animal 
aid and will become practical on large 
scales. 

Man has been working at solar-ener¬ 
gy utilization a long time. The ancients 
produced their salt by drying up ponds 
of brine. In spite of advanced technol¬ 
ogy, we are not doing much better than 
this today. There are reasons for this 
poor showing, of course. 

The Mechanism of Solar Energy 

To understand the problems attend¬ 
ant to solar-energy use—limitations, if 
you will—it is well to observe the basic 
mechanisms by which the sun's radiant 
energy can be converted into useful 
forms. 


In dealing with solar radiation, we 
are concerned with energy '‘bundles” 
or photons of fixed, discrete sizes. 
Those at the ultraviolet end of the solar 
spectrum are much more energetic than 
those in the visible band, which in turn 
contain more energy than those in the 
infrared or heat region. The important 
fact is that each photon is a fixed 
amount; it cannot be cut in half, or two 
cannot be added together to do the 
work of one. Solar-energy capture be¬ 
comes, then, a matter of learning the 
different ways individual molecules of 
matter react under the impact of these 
solar photons of different size. In fact, 
solar-energy uses can be catalogued and 
sc'parately examined in those ways. 

It is convenient to start with the sim¬ 
plest responses of the molecule to sun- 
radiated photons and continue on 
through the more complex. When radi¬ 
ant-energy photons strike some mole¬ 
cules, they are altered only in their di¬ 
rection of motion. They are reflected. 
This is the mirror effect. As far as the 
molecule is concerned the result is— 
nothing. The molecule is in no way 
changed. 

Mirrors and lenses are not, of them¬ 
selves, solar-energy devices, but they 
can be joined with a second-type re¬ 
sponse to wave motion to produce 
stoves and furnaces, as will be men¬ 
tioned. 

The Flat-Plate Collector 

The simplest—and by far the most 
common—active participation of the 
molecule in transformation of light 
photons to usable energy is the con¬ 
version of light to heat. The molecule 
is set into some form of motion by the 
solar photon. This can be vibration, 
spin, or translation. However, as the 
molecule returns to rest, it releases its 
energy in at least two and usually sev¬ 
eral smaller photons of energy. These 
are in the infrared or heat region. The 
energy is thus degraded into smaller 
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si^e units. Tho dirt^ctioii of li^ht-cticrgy 
conversion is always downhill. 

This mechanism of setting molecules 
in motion by light-energy photons pro¬ 
vides the simplest and, at present, most 
useful solar-energy device susceptible 
to man's control. It is the principle of 
the greenhouse. It is also the principle 
of the flat-plate collector now receiving 
increased attention. Basically this con¬ 
sists simply of a base of some good 
radiant-energy absorber, an air space, 
and one or more covers of transparent 
glass or plastic. Some fluid—air, water, 
or other liquid—is pumped through the 
space between absorber and cover, 
picking up heat en route. 

The flat-plate collector is a simpk? 
structure. It requires no maintenance, 
has long life, is simple to construct, and 
can recover a large proportion of the 
incident radiation. Practical considera- 
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are two areas in which further engi 
neeiing development is needed. The 
standing rewards for success are high. 

Heat from the Sat-plate collector can 
he used for several purposes. The one 
most likely to have early extensiv^e use 
is house-heating. This is of utmost con¬ 
sequence, because house-heating ac¬ 
counts for one-fourth to one-third of the 
total energy consumption. Any appre¬ 
ciable reduction in the load imposed 
by comfort heating on the stored fuels' 
reserves is of first-order importance. 

A number of houses heated all or in 
part—sometimes even cooled—by flat- 
plate collectors have been erected. The 
heat from the collector, usually built as 
a portion of the south wall or roof of 
tlu' house, is stored by circulating air 
(or a liquid) through it and into a 
reservoir of water, stones, or chemicals 
from which the heat can be withdrawn 


tions dictate that it be set in a fixed 
position and not turn with the sun. Its 
principal limitations are that it pro¬ 
duces heat only when the sun shines 
and that its output is heat at a low 
level. In practical collectors the tem¬ 
perature created in the fluid does not 
exceed the ambient by more than 
300^ F. This is because the expenditure 
for materials to prevent excessive heat 
losses at higher temperatures becomes 
prohibitive. 

The need here, if this limitation is to 
be lessened, is primarily an engineering 
one. T(^ reduce the heat lost by conduc¬ 
tion at the sides and bottom, materials 
are needed that are both better heat in¬ 
sulators and are cheaper. Heat lost 
above the absorber can be materially 
cut down—particularly on windy days 
—by increasing the number of dead air 
spaces, that is, the number of layers of 
transparent material. The practical 
number of layers is determined by cost 
and by the light-transmission coeffi¬ 
cient of the material. The need is for a 
transparent material of lower cost and 
higher light-transmission factor. These 


as needed. Water or stones are cheap 
enough. The problem with them is 
bulk. For localities where heat must be 
stored for s('veral days in the absence 
of the sun, or whore the heating load is 
severe, the volume (and hence cost of 
installation) is high. 

Use of chemicals that conveniently 
melt in the range of 85°-110° F. offers 
a large reduction in storage volume by 
virtue of the high heat storage result¬ 
ing from the latent heat of fusion. There 
are several such chemicals. Sodium sul¬ 
fate, or Glauber's salt, is the best 
known. 

The limitation of salts for heat 
storage is—again—their higher cost and 
the fact that most of them are two- 
phase chemicals. They tend to separate 
gradually with recurring cycles of melt¬ 
ing and freezing. Periodic agitation is 
required. 

A cheaper, single-phase compound 
with a low-temperature fusing point is 
urgently needed. If anyone knows of 
one, please step forward, for the solar- 
energy engineers are looking for you. 

The warmed fluid from a flat-plate 
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collector can be used to operate a heat 
engine. Many ingenious ones have been 
devised, some of them in ancient times. 
Almost none has endured. The cost or 
complexity is too great, or the net out¬ 
put of the device hovered just above 
the zero point. How^ever, a few solar- 
operated pumps are now being mar¬ 
keted. They are practical where the 
water being pumped is relatively cold, 
fuel is scarce, and sunshine abundant. 

The weakness of the low-level heat 
engines is their low efficiency. To begin 
with, any heat engine has a ceiling effi¬ 
ciency fixed by that of the familiar 
Carnot cycle. With small diflFerences 
between inlet and outlet temperatures 
this sets a pretty low ceiling on even a 
perfect engine. For example, if a flat- 
plate collector provides to the engine 
a fluid that is 250° warmer than the 
fluid used in the condensing portion of 
the engine cycle, the maximum possible 
efficiency would be 32 per cent. 

This is not too serious. Because solar 
energy is free, to double this—or, more 
properly, to double the power—requires 
only that the flat-plate collector be 
doubled in size and the engine made 
larger. The real limitation, however, is 
that engines operating at low heat lev¬ 
els are not efficient even within the 
boundaries set by their theoretical 
maxi mums. 

A vast amount of research and engi¬ 
neering development has gone into per¬ 
fecting the high-temperature engine, 
such as the internal combustion ma¬ 
chines and steam and gas turbines. 
Relatively little has been expended on 
improving low-temperature engines. 
This is another area in which engineer¬ 
ing effort could profitably be spent. 

It is natural that we should look 
hopefully to "free” solar energy, as pro¬ 
vided by devices operating on the flat- 
plate collector principle, for relief from 
water shortages that daily are growing 
more critical. If the sea water available 
in abundance could be freed of salt. 


many of these shortages would be re¬ 
solved. Distillation has always cost too 
much in energy, except under special 
circumstances where the need for water 
is acute. 

Frankly, the prospect that solar en- 
ei'gy will provide the answer to the 
water problem is slim. And for the same 
old reason—cost. Solar energy is too 
diffuse, and the Btu. investment to boil 
water is too high, for presently known 
systems to be practical. For any solar 
still to operate on a large scale will 
probably require some means for par¬ 
tial recovery of the heat released on 
the condensation portion of the cycle. 
Such a mechanism obviously adds com¬ 
plexity and cost. Whether further de¬ 
velopment can ease this limitation is 
not known. The odds against it appear 
to be long. 

Solar stills will be used to a limited 
extent where fuel is costly, water is ur¬ 
gently needed, and sunshine is abun¬ 
dant. The solar still to produce drinking 
water for aviators adrift at sea is an 
example. 

Solar Stoves and Furnaces 

The principle of photon reflection 
and the principle of conversion of pho¬ 
tons to infrared photons underlie two 
other solar-energy devices—the solar 
stove and the solar furnace. 

Several varieties of stoves have been 
demonstrated. A simple solar stove is 
being manufactured for sale at about 
fifteen dollars in fuel-poor but sun- 
rich India. The limitation to its use is 
that the Indians cannot afford a stove 
so expensive. A solar oven, designed by 
Maria Telkes, of New' York University 
and consultant on solar energy to the 
Stanford Research Institute, has four 
flat mirrors that direct the sun’s rays 
into an oven. A temperature of about 
350° F. is achieved. 

A few solar furnaces are in operation. 
The Consolidated-Vultee Aircraft Com¬ 
pany in San Diego uses one with a 10- 
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foot mirror for metallurgical research. 
Professor Felix TroiJihc, of France^ nJS 
one furnace with a mirror 40 feet across 
and has several smaller solar furnaces. 
With them he produces refractory ce¬ 
ramics such as fused quartz and tita¬ 
nium dioxide on a commercial basis, t 
He is building four smaller, mirror- t 
type furnaces for experimental use, A c 
furnace of different design with an alu- tl 
minum reflector 27/2 feet across was a 


b. Eventually—in a time that nia\ 
s short as a millionth of a second or .#s 
' long as several hours-the electrons hill 
back into their original orbits. They ah 
most never return in a single jump 
They do it in a succession of steps. At 
each step a photon of energy, smaller 
than the original, is emitted. Thus the 
color of the light emitted differs from 
the incident light. This is phosphores- 


built by the government of Algeria to 
produce fertilizer by fixation of atmos¬ 
pheric nitrogen. 

Solar furnaces are relatively efficient, 
converting upward of 70 per cent of 
the total incident radiation into usable 
heat. Temperatures above 7,000° F. 
have beem obtained. The solar furnace 
provides a readily controllable means 
of obtaining extremely high tempera¬ 
tures and is a useful tool for several ap¬ 
plications. However, it produces heat 
only when the sun shines and only 
while the mirror is focused directly on 
the sun. The initial cost is compara¬ 
tively high. The solar furnace seems 
destined to be a special-purpose tool, 
not a general producer of power. 

This about sums up what is being ac¬ 
complished by devices that convert so¬ 
lar radiation to heat. One thing is con¬ 
spicuously missing: a large-scale pro¬ 
ducer of power. If the sun is to be the 
source of substantial amounts of power, 
in contrast to heat, we must look to 
some other way of using the photons. 

Light Storage 

En route to examination of poten¬ 
tially more important solar-power de¬ 
vices we sliould mention only in pass¬ 
ing a third type of response of a mole¬ 
cule to light energy. This is the dis¬ 
turbance of the satellite electrons from 


Phosphorescence is an interesting 
way of storing light energy briefly. 
While it has some limited applications, 
it is not regarded as having any pros¬ 
pect as a major energy device. 

Photoelectricity 

Potentially of much greater signif¬ 
icance is a fourth way of operating on 
the molecule with solar energy. When 
the atoms of certain molecules are hit 
hard enough, some of their electrons 
are jolted entirely out of their orbits 
and away from the parent-atom. Once 
out in the open, they create an electric 
potential that establishes electron flow 
in a connecting circuit and load. This 
is the principle of the photographer’s 
exposure meter. Although it is an ex¬ 
tremely useful device, it is inefficient. 
It converts only about two-tenths of 1 
per cent of the received light into elec¬ 
tric energy. 

A much more attractive photoelectric 
power source is the silicon solar bat¬ 
tery, such as has been demonstrated by 
Bell Telephone Laboratories. The an¬ 
nounced efficiency is 12 per cent, but 
improvement can be expected. How¬ 
ever, the silicon cell has a ceiling effi¬ 
ciency of about 22 per cent. This is be¬ 
cause most solar photons (those in the 
infrared) are too weak to dislodge elec¬ 
trons from the silicon surface. Much of 


their normal orbits. When the mole- the sun’s radiation is simply wasted as 
cules of certain substances receive light heat or is reflected. Also, a precise 
energy, some of the electrons spinning amount of energy is required to lift an 
within the atoms are boosted into or- electron away from its normal orbit 
bits more distant from the nucleus, around a molecule nucleus. Surplus en- 
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ergy is spent needlessly accelerating 
the electron and does not contribute to 
the power output. The energy left over 
from one photon cannot be used par¬ 
tially to dislodge another electron. 
Hence, not all the energy of the more 
energetic photons toward the violet end 
of the spectrum can be used. 

An efficiency of some 15 per cent can 
be eventually expected for a practical 
silicon battery. That is pretty good. It 
is a direct conversion device without 
moving parts and requires no attention. 
Indeed, the performance of the present 
silicon battery is good enough for the 
device to be practical for many pur¬ 
poses where small amounts of energy 
are adequate and where continuity is 
not essential. 

Further research on the principle of 
photoelectricity is definitely worth 
while. Materials other than silicon may 
be found that are less costly or even 
more efficient converters of solar to 
electric energy—preferably both. 

Photosynthesis 

We come now to the final way by 
which molecules can react under pho¬ 
ton attack. In the discussion thus far the 
molecular structure has remained aloof. 
The molecule can be set in motion to 
give heat, or the orbital electrons can 
be disturbed to provide brief energy 
storage or a direct current, but in all 
these the chemical structure has not 
been altered. 

Molecular changes can, however, be 
affected by radiant energy. Indeed, 
these are the sources of man’s suste¬ 
nance—both food and oxygen. This is 
the photosynthesis reaction. Chloro¬ 
phyll manages to utilize radiant energy 
to force the reaction of water and car¬ 
bon dioxide to carbohydrates and oxy¬ 
gen. How chlorophyll performs this re¬ 
action, which requires 112 kilocalories, 
with photons having only one-third or 
one-half that amount of energy, is not 
known. Scientists in many laboratories 
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are working hard to find out. Their 
eventual success is highly probable. 
That new knowledge should hasten so¬ 
lar-energy utilization on a large scale. 

However, it does not seem likely that 
vve can look to land-plant photosynthe¬ 
sis as a major energy source. Photosyn¬ 
thesis, for all its importance, is not an 
efficient converter of sunlight into 
chemical energy. Most scientists be- 
]i('ve that it is in the neighborhood of 
25 per cent. Evem that is utilization of 
the total light falling on the plant and 
is achieved only uncler the best labora¬ 
tory conditions. In the fields and for¬ 
ests the conversion is much less, con¬ 
sidering that the energy in the infrared 
.spectrum (about half the total) is not 
used at all, that much of the energy 
falls on bare ground between the plants, 
and that the growing season is only a 
portion of the year. The conversion for 
evc'n the best plants, such as sugar 
beets, is about 2 per cent. Most farm 
crops use no more than one-half of I 
per cent of the light that falls on the 
field. 

If we arc to augment our energy 
sources by photosynthesis, it seems that 
we can do better by turning to the 
simple plant forms, such as algae, that 
thrive in water. In particular, the green 
unicellular algae Chlorella has com¬ 
manded much research attention and 
offers considerable pro.spect of produc¬ 
ing both food and fuel. 

This technique has much to recom¬ 
mend it. Chlorella can be grown in a 
water solution continuously. The pro¬ 
portions of carbohydrate, protein, and 
fat in the end product can be varied 
widely. If Chlorella could be grown in 
large quantities with the same yield as 
in laboratory culture, the result would 
be 20 tons of protein and 3 tons of fat 
per acre per year, which far exceeds 
that achieved with land plants. This 
would be an efficiency of nearly 20 per 
cent. 

No one, however, has succeeded in 
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doing this. There are many unsolved 
problems, such as the proper turbu¬ 
lence of the water containing the algae 
(sunlight is too strong lor continuous 
exposure of algae), the most suitable 
temperature for algae, the optimum 
carbon dioxide supply, the development 
of disease-free strains of Chlorello, etc. 

Inorganic Photosynthesis 

Perhaps we can learn how to cause 
molecular changes with radiant energy 
on a large scale without plant or ani¬ 
mal aid and with much better total uti¬ 
lization of that energy than is achieved 
by nature. Herein, many believe, lies 
the great hope of practical solar power 
devices. But, as yet, all are a good dis¬ 
tance from success. 

Of particular fascination is the pos¬ 
sibility of breaking up water into its 
constituent hydrogen and oxygen for 
later recombination for energy recov¬ 
ery. Several reactions by which water 
is dissociated by radiant energy into 
oxygen and hydrogen are known. Dr. 
L. J, Heidt, at the Massachusetts Insti¬ 
tute of Technology, has been experi¬ 
menting for several years with the 
chemical decomposition of water con¬ 
taining ceric perchlorate and perchloric 
acid by ultraviolet light. This reaction, 
however, does not seem to lend itself 
to general use as a means of capturing 
solar energy, because it employs only 
the more energetic portion of the radi¬ 
ant spectrum. 

Scientists of the Stanford Research 
Institute are studying a different reac¬ 
tion for dissociating water. In this re¬ 
action a solution containing water, an 
inorganic chemical, and a small amount 
of chlorophyll as catalyst is exposed to 
sunlight. The products of the reaction, 
again, are oxygen and hydrogen. This 
reaction is attractive because, in the¬ 
ory, it can use almost all the visible 
spectrum of sunlight. It is too early to 
state whether success will be achieved. 


Use of solar energy to effect the rup¬ 
ture of water molecules is promising, 
and major research effort is justified. 
Water is readily available as raw mate¬ 
rial. If oxygen and hydrogen can be in- 
f'xpensively and efficiently produced, 
the troublesome problem of energy stor¬ 
age is solved. Hydrogen could be con¬ 
veniently stored as a gas for recovery 
of the energy-burning, releasing heat 
and forming water. The temperature of 
burning oxygen and hydrogen is ex¬ 
tremely high—too high for presently 
known heat engines. Effective utiliza¬ 
tion of these temperatures in a heat 
engine to produce mechanical or elec¬ 
tric energy would entail further re¬ 
search and engineering effort. 

However, there is prospect of recov¬ 
ering the energy directly as electricity 
without going through the wasteful 
heat cycle or the use of moving machin¬ 
ery. Experimental cells for doing this 
have been built. In one, the Bacon cell, 
hydrogen and oxygen are introduced 
through porous walls inclosing a liquid 
electrolyte. Therein they recombine to 
form water and electric current with¬ 
out producing significant amounts of 
heat. Extremely high efficiencies of 
these small, laboratory cells—from 50 to 
65 per cent—are reported. 

Solar Energy Is Attractive hut Elusive 

Thus, wc see that solar energy has its 
limitations too. However, the rewards 
for success are so great, and recent ad¬ 
vances in solar-energy technology are 
so sufficiently encouraging, that it is re¬ 
ceiving vastly increased attention. Of 
special significance in this direction was 
the World Symposium on Applied Solar 
Energy held in Phoenix, Arizona, dur¬ 
ing November, 1955. This unique 
symposium brought together the solar- 
energy scientists with the engineers, in¬ 
dustrialists, and businessmen whose tal¬ 
ents are required to effect the transi¬ 
tion of laboratory developments to sal¬ 
able devices. If ways can be found to 
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utilize a significant proportion of solar 
energy, the limitation on our use of en¬ 
ergy would be substantially relieved— 
but not eliminated. 

THE H-BOMB IN HARNESS? 

We should also not overlook another 
possibility—a possibility of such im¬ 
mense potentiality that, if realized, all 
our notions of energy use or shortages 
will have to be revised. This is the pos¬ 
sibility that the nuclear-fusion reaction 
can be made a controlled energy 
source. 

The amounts of energy such a reac¬ 
tion would make possible are almost 
incomprehensible. Theory states that 
the heat in the interreaction of heavy 
water (deuterium to helium) in a gal¬ 
lon of ordinary water is about 20,000 
kw-h.—if the reaction can be managed 
outside the bomb. A bathtub of water 
would offer 6,000,000 kw-h. A cubic 
mile of sea water on the same fanciful 
basis and on the assumption of 10 per 
cent over-all efficiency would yield 2 
million billion kw-h. As a comparison 


yardstick, the electric power plants of 
the United States in 1954 generated 
410 billion kw-h. 

Fusion makes for fascinating—and 
challenging—speculation. Whether or 
when fusion power plants will become 
a reality is not known. The problems 
an; tremendously formidable. It is un¬ 
wise to assume that the substantial lim¬ 
itations to energy use immediately be¬ 
fore us will be dispelled by the develop¬ 
ment of controlled fusion. 

The facts about our energy resources 
are sobering. The rapidity with which 
we are finding ways of spending that 
energy, often without realizing it, is 
shocking. The problems attendant on 
tapping unused reservoirs of energy are 
discouraging. Just the same, no one 
should say that man's standard of liv¬ 
ing is likely to toboggan for lack of en¬ 
ergy-cheap energy. This optimism 
comes not from a blind faith in the sci¬ 
entist and engineer but, instead, from 
an infinite confidence, supported by a 
long record of the past, that man's in¬ 
genuity is equal to the task. 
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HARRISON BROWN” 


MACHINE CIVILIZATION 

A modern industrial society is char- 
acU'rized by the production of enor¬ 
mous quantities of goods which, for 
various reasons, people want to own. 
In order to produce these goods, raw 
materials are needed. Machines are 
needed to transform the raw materials 
into other machines, into secondary ma¬ 
terials, and into finished products. Ma¬ 
chines arc needed to transport the di- 
vcTscj materials and goods which flow 
through the complex network of mines, 
factories, farms, and cities. Energy is 
needed to power the machines which 
extract, produce, and transport. The 
continuation of these operations is ulti¬ 
mately dependent upon the extraction 
of materials from the earth, the atmos¬ 
phere, and the oceans. 

In order to produce the multiplicity 
of goods consumed by society, we mine 
iron ore, convert it into pig iron, and 
then mill it into steel. We produce cop¬ 
per, lead, zinc, aluminum, and a variety 
of metals from their ores and blend and 
shape them to suit our needs. We mine 
phosphate rock, fix the nitrogen of the 
atmosphere, evaporate sea water, and 
quarry rock. We transport vast quanti¬ 
ties of sand, gravel and clay; manufac¬ 
ture cement; and mine sulfur, gypsum, 
and pyrites. For every person who lives 
in a highly industrialized society, many 
tons of material must be moved, mined, 
and processed each year. 

* Dr. Brown is Professor of Geochemistry 
at the California Institute of Technology, Pasa¬ 
dena, California. His works include The Chal¬ 
lenge of Mans Future, 1954. 


From the time that coal was first 
linked to iron, the per capita flow of 
goods in the industrialized part of the 
world has steadily increased; associated 
with that increasing flow we see an in- 
ert'asing p(*r capita demand for raw 
materials. By 1950 the yearly per cap¬ 
ita demand for stei'l in the United 
States had rt'achc'd 1,260 pounds; de¬ 
mand for copper had rcacln^d 23 
pounds; demand for stone, sand, and 
gravel had reached 7,300 pounds; and 
demand for cement had reached 520 
j')ounds. In ordc'r to power the indus¬ 
trial network, cTiergy demands had 
risen to the equivalent of over 8 tons 
of coal per person per year. It must be 
stressed that these per capita demands 
are still rising.’ 

In addition to the rise in per capita 
demands, w(' must consider the fact 
that machine civilization is spreading 
throughout the world. The Soviet Un¬ 
ion and Japan are the most recent ad¬ 
ditions to the roster of industrialized 
nations, and enormous efforts aimed at 
industrialization are now being made 
by India and China. Further, the hu¬ 
man population of the world is increas¬ 
ing rapidly and is apparently destined 
to continue to increase for some time in 
the future. 

When we attempt to assess the pros¬ 
pects with respect to both the supply 
and the demand of raw materials on a 

1. See the report of the President's Mate¬ 
rials Policy Commission (1952) for a de¬ 
tailed discussion of current needs in the 
United States. 


1023 



1024 


Man's Rule in ('hanging the Face of the Earth 


world-wide basis, we must inquire into 
several important aspects of the over¬ 
all problem: (1) How large might per 
capita demands for raw materials be¬ 
come? (2) flow rapidly might machine 
civilization spread over the world? (3) 
How large is the Imman population 
likely to become'? (4) How large is the 
pc:)tential source of raw materials? 

TIIK IRON AND STKEL CYCLE 

Steel is the most widely used metal 
in our society, in part because of the 
relatively high abundance of iron ore 
in the ('arth, in part because of the rel¬ 
ative ease with which metallic iron can 
be extracted, and in part because of the 
useful 2 ^hysical properties of the alloys 
ol th(' metal. From an examination of 
tlie [lath of iron through the industrial 
iK'twork, we can obtain a useful picture 
of some of the present trends in indus¬ 
trial society, and wc* will be able to as¬ 
sess some of thc^ more important limits 
plac(‘d by nature upon man’s opera¬ 
tions. 

In order to produce a ton of metallic 
iron within the framework of our exist¬ 
ing practices, approximately tons of 
high-grade iron ore, nearly a ton of 
coke, and nearly a half-ton of limestone 
are required.^ Energy is required to 
mine the iron ore and limestone, to 
produce the coke, and to bring the in¬ 
gredients together. The greater propor¬ 
tion ol the resultant pig iron is chan¬ 
neled into steel production, the balance 
being used for the fabrication of a vari¬ 
ety of cast-iron products. The output 
of the steel furnaces is shaped into* a 
variety of finished products; about 25 
per cent ol the steel ends up as scrap, 
which is recycled, and about 10 per 
cent is lost in the processing. The shap¬ 
ing into finished products and the re¬ 
cycling again require expenditure of 
energy. 

The finished steel is sold to mariu- 

2. Zimmerman (1951) provides a detailed 
description of the steel industry. 


facturers, who fabricate a diversity of 
machines and products. During the 
course of this fabrication there are cer¬ 
tain irrecoverable losses, and a substan¬ 
tial fraction of the steel ends up as 
scrap, which is recycled through the 
steel mills. 

Manufactured steel articles have fi¬ 
nite lifetimes. Machines become obso¬ 
lete. Wear, corrosion, accident, and loss 
constantly take their tolls. Some aban¬ 
doned items are sold for scrap and re- 
cy’cled through the steel mills. Others 
are discarded and permitted to disinte¬ 
grate, never to be recovered. Present 
evidence indicates that, on the average, 
about twenty years will elapse from the 
time an object is manufactured until it 
is returned to the steel mill as scrap. 

The annual irrecoverable losses of 
metallic iron depend upon the amount 
of steel in use, upon the mean lifetime 
of steel products, and upon the rate of 
increase of the amount of steel in use. 
It seems likely that annual irrecovera¬ 
ble losses, other than those involved in 
steel production, amount to about 1 per 
cent of the amount in use and that 
losses involved in steel production 
amount to about one-eighth of the total 
annual production of ingots and caat- 
ings. 

It has been estimated that, of the 2 
billion tons of pig iron produced in the 
United States between 1870 and 1950, 
nearly 40 per cent has been lost as a re¬ 
sult of the various processes discussed 
above. The balance, corresponding to 
about 1.3 billion tons, represents the 
total amount of steel in use in 1950 in 
the United States—the railway tracks, 
girders, automobiles, nails, screws, etc. 
This corresponds to about 8 tons of 
steel in use per person.® Between 1947 

3. This estimate was given by the autlior 
(1954). Steel Facts, published by the Ameri¬ 
can Iron and Steel Institute, gave an estimate 
of 7.3 tons per person in 1948. According to 
the same organization’s The Picture Story of 
Steel (1952), an estimated 10 tons of steel 
ore are in use per person. 
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and 1952 the total amount of steel in 
use in the United States increased by 
an average of about 3.4 per cent per 
annum, an annual rate which is greater 
than the rate of population growth. 
This average growth rate corresponds 
to a doubling of the amount of steel in 
use every twenty years. 

In 1951 pig-iron production in the 
United States amounted to 70 million 
tons and steel production (ingots and 
castings) to 105 million tons.** Thus, 
losses of iron in steel production 
amounted to about 13 million tons, and 
other irrecoverable losses amounted to 
about 12 million tons. As a result, 25 
million of the 70 million tons of new pig 
iron were used to replace losses, and 
the balance of 45 million tons repre¬ 
sents the net increase in the total 
amount of steel in use during that year. 
This corresponds to an increase of 0.28 
ton per person per year. By 1975 the 
per capita amount of steel in use might 
well amount to 15 tons per person. 

LOSS OF METALS IN USE 

The patterns for the cycling of most 
metals are similar to the pattern for 
iron, although the amounts in use and 
the proportions lost irrecoverably each 
year vary greatly from metal to metal. 
For example, out of every 100 pounds 
of lead consumed each year in the 
United States, 24 pounds are used in 
gasoline, in paints, and in diverse other 
uses where the element is dispersed, 
never to be recovered.® Annual gold 
losses, on the other hand, are very 
small. The proportion of copper lost ir¬ 
retrievably each year is intermediate 
between these extreme examples. 

The proportion of a metal which is 
lost irrecoverably will depend upon the 
amount of effort and energy which 

4. Most statistics concerning metal produc¬ 
tion can be found in the Minerals Yearbook 
(United States Bureau of Mines, 1952). 

5. See the report of the President'.s Mate¬ 
rials Policy Commission (1952). 
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must be expended to prevent loss rela¬ 
tive to the amount of effort and energy 
which must be expended to obtain new 
metal from the ore. In principle, losses 
of metals in use and in cyeling can be 
greatly decreased, but only at the cost 
of greater energy expenditure per unit 
of output. Thus, in the long run, efforts 
to decrease metal losses in use and in 
cycling result in greater consumption 
of coal and petroleum. Our operations 
are in effect limited not only by the 
first law of thermodynamics but by the 
second law as well, and the best we can 
do is to balance the value of the metal 
which is lost against the value of the 
energy and effort which would be re- 
<|uired to prevent the loss. In any event, 
losses can never be entirely eliminated, 
with the result that there will be a con¬ 
tinuing demand for new metal for as 
long a time as industrial society exists. 
Even were the time to arrive when all 
nations of the world were highly indus¬ 
trialized, and when world populations 
and per capita quantities of metals in 
use were stabilized, demands for new 
metal would be substantial and would 
be determined in effect by the energy 
expenditure required to obtain new 
metal relative to the energy expendi¬ 
ture required to prevent the loss of old. 

PER CAPITA QUANTITY 
OF METALS IN USE 

We have seen that there are about 
8 tons of steel in use per person in the 
United States. This “steel inventory,” 
together with the inventories of other 
metals in u.se in our society, is required 
for the maintenance of our existing 
per capita flow of goods. The per capita 
quantities of metals in use are increas¬ 
ing with time, and, as we shall see, they 
are destined to increase in the future 
to levels considerably above those of 
the present. 

Almost all major increases in per 
capita consumption of goods fall initial¬ 
ly into the “luxury” classification, but. 
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as time i^oes on hul st>t iety adjusts 
itself to the new sitnutu^n und indeed 
becomes dependent iipo’i it, the in¬ 
creased consniription hfcomes a neces¬ 
sity/^ Af!;ain and again we have seen 
this transformation take place in the 
United States- da* automobile, the tele¬ 
phone, and the eli'etrie light were all 
fnifiaJJy hixiiri('s, yet t]](*v made certain 
things possjhie wliich Jiad not been 
|)Ossi])l(‘ hefon*. And, as society took 
ad\’antag(* of these iit^w ]^ossibiIiti(\s, 
slowly but relcmtlesslv th(' automobile 
the teh'phoiK*, and the* (‘k'ctric light be- 
caiiK* iK'Cc'Ssities. A part of this trans¬ 
formation has la'sultc'd from a progres¬ 
siva* cliangi* in our d(*finition of “neces¬ 
sity/’ But eva'Ti \\'(*rt‘ \v(' to dc'fiiu* a ne- 
cessiW speeifiealh' and narrovv’ly as 
something vv^hich is iu*c(*ssary for the 
avoidance* of premature death, a sur¬ 
prisingly large fractieai of be)th modern 
productie^n and ce)nsumption would 
cjualify for the “nece’ssity” classification. 
Hie' autenneibile*, tlie telephone, and the 
electric light, for e'.xample, have all 
])laye*d major reiles in incre'asing avx'r- 
age* life-e’xjiectancv', and, we*re we sud- 
elenlv to be deprived of the use e)f theses 
elewiec'S, there* wenild be little doubt 
that mortality would incre'ase' substan¬ 
tially. 

Thus, solelv' on the basis eif eair se'e'in- 
iugly infinite capacity to acce'pt new' 
proeluets and the'ii to become depe*ndent 
upon (h(*m, it scerris likely that the per 
capita (]uantities of metals in use will 
incrc'use' in the future—and, indeed, may 
incre'as(‘ to levads far abewe those which 
e.vist tocLiv'. But, quite apart from-this 
aspect nj the problem, thc^ per ca]fita 
(juantities e)f metals in use would in¬ 
cre'ase in the* future even were w'e to at¬ 
tempt to maintain only the existing per 
capita flow oi goods. The quantities 
must incrc'asc for the reason that, as 
time goes by, new metal must be ob¬ 
tained from progressively leaner ores, 
fuels must be obtained from deposits 
which are progressivc'ly more difficult 


to mine, and more equipment will h< 
required for the handling and process 
ing. 

In the eighteenth century, ores that 
averaged less than 13 per cent copper 
were considered impracticable. By 1900 
the average grade of copper ores being 
processed was about 5 pc'r cent. By 
1951 the av'c'iagc grade of ore being 
handlc'd had dropped to 0.9 per cent, 
and ores containing as little as 0.6 per 
cc'nt co]')pcr wc'ie being processed. Al¬ 
though copper consumption is much 
smaller than that of iron, it is neces¬ 
sary, in order to obtain tlu^ copper, to 
handle* a quantity of copper ore* eacli 
v'car vvdiich is equal to the* total amount 
of iron ore produced in the Unitc'd 
States annually. 

As the grade's of various metal ores 
fall, the amounts of c'(|uipnK'nt recjuircd 
for mining and (‘xtraction and the enc'r- 
gy requirc'ments pc'r unit of out]:)ut wn’ll 
increase. In turn, as we drill more and 
more deeply for our oil, and as we shift 
ov'cr to oil .shales, coal hydrogenation, 
and atomic ('uergy, more* and more' 
equipment will be recpiired per unit of 
energv' output.^’ These additional re- 
(piircmients for eqiii])ment will in turn 
result in greater per capita quantities 
of metals in use. Thus, while the 
amount of steel in use in the United 
States now corresponds to about 8 tons 
per person and might reach 15 tons 
per person by 1975, it might eventually 
reach much higher values when we 
look at the picture from a long-range 
point of view', possibly reaching 100 
tons per person or more in the United 
States, in the absence of a major world 
catastrophe, bv the end of another cen¬ 
tury. 

SPREAD OF INDUSTRIALIZATION 
Although the pig-iron production of 
the world has fluctuated as the result 

a. Ste flu* iliscussioii by Ayres and ScarloU 
(H)52) concerning energy losses. 
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of war aiul ecoiicanic depression, the 
general trend has been exponentially 
upward. Between 1885 and 1915 the 
United States pig-iron production 
doubled every twelve years.Since 
1935 production has been doubling 
every ten years. During the period 
192^41 Japan succeeded in doubling 
pig-iron production every five years. A 
five-year doubling time was achieved 
in the U.S.S.R. between 1926 and 1936. 
Soviet recovery and expansion, follow¬ 
ing the low production of 1942, have 
apparently progressed with a doubling 
time of about four years. Steel produc¬ 
tion was started in India shortly after 
the turn of the century, and since 1924 
production of pig-iron has been inereas- 
ing, with a doubling time of twenty-six 
years. It is likely that production will 
soon be accclerattjd and will inen^ase at 
least another threefold during the next 
decade.** With the continued spread 
of industrialization, consumption of 
other metals has increased with equal 
rapidity. 

It is the declared intention of Asian 
headers to stimulate the industrializa¬ 
tion of their countries to levels which 
approach existing Western levels. 
Whether or not they are able to accom¬ 
plish this will depend upon a variety of 
factors- resources, population, rate of 
capital formation, rate of population 
growth, extent of help from the out¬ 
side, etc. However, for the purpose of 
our discussion, let us assume that India 
is able to carry out successfully an in¬ 
dustrialization program and that it is 
able to double its consumption of 
metals every ten years—a rate some¬ 
what less than that achieved by the 
U.S.S.R. and Japan for rather lengthy 
periods. Starting with a pig-iron pro¬ 
duction of 1.8 million tons in 1951, pro¬ 
duction would reach 10 million tons by 

7. Minerals Yearbook (1952). 

8. This estimate is based upon discus.sions 
with members of the Indian Planning Com¬ 
mission. 


1976 and 100 million tons by 2009. By 
2021 production would reach 235 mil¬ 
lion tons, and a total of 1,400 million 
tons of pig iron would have been pro¬ 
duced since 1951. By that time the pop¬ 
ulation of India will almost certainly 
have doubled once again, and, when 
we take into account the losses of iron 
in use and in the steel cycle, the 
amount of steel in use would corre¬ 
spond to about a ton per person—a 
value considerably lower than the 8 
tons per person in use in the United 
.States at the present time. 

Were pig-iron production to double 
every ten years, coal production would 
probably do likewise and might reach 
4,000 million tons annually by 2021. By 
that time, 27,000 million tons of coal 
would have been removed from the 
ground, an amount ajDproximately equal 
to the estimated reserves of all grades 
of coal in 6'itu in Liidia down to a depth 
of 2,000 feet (excluding lignite). The 
amount actually susceptible to mecha¬ 
nized mining operations may be only a 
small fraction of this.® 

India possesses some of the richest 
and most extensive iron-ore deposits in 
the world, and, in the absence of ex¬ 
ports either of the ore or of pig iron, its 
reserves would probably permit India 
to build up an amount of iron in use 
c’quivalent to existing Western per 
capita levels. With a doubling time of 
ten years nearly a century would be 
required. However, it might well turn 
out to be necessary for India to export 
pig iron or iron ore in order to help 
finance the considerable capital outlay 
which would be required for such an 
industrial development.^® In such an 
eventuality it might be necessary for 
India to utilize low-grade deposits in 

9. This estimate is based upon discussions 
witli members of the Geological Survey of 
India. 

10. There is at present considerable re¬ 
sponsible discussion in India concerning the 
possibility of exporting iron ore. 
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order to approach existing Western 
levels of industrialization. 

On the basis of considerations such 
as those outlined above, the industriali¬ 
zation of India would necessarily fol¬ 
low a pattern markedly different from 
the pattern observed thus far in the 
history of industrialization. India's exist¬ 
ing resources would enable it to obtain 
a reasonable start toward industrializa¬ 
tion; but, long before existing Western 
levels of productivity could be 
achieved, supplies of metallurgical coal 
would have disappeared, and India 
would be forced to produce pig iron by 
utilizing low-grade coals, perhaps by 
the sponge-iron process or by a process 
similar to the Swedish electrometal 
process. Again, long before existing 
Western levels are achieved, coal itself 
will be in very short supply, and pig 
iron will have to be produced by utiliz¬ 
ing some other energy source, quite 
possibly atomic energy. Again, it is 
quite possible that, before India 
achieves existing Western levels of pro¬ 
duction, it will be forced to utilize ores 
of lower grade. This would create still 
greater needs for energy and for 
metals. 

When we examine India’s long-range 
requirements for other metals, we en¬ 
counter similar difficulties. Local high- 
grade deposits of most ores are com¬ 
pletely inadequate sources of metals in 
the quantities which are required. 
Clearly, the industrialization of India 
will require either the importation of 
huge quantities of metals, many of 
which are becoming scarce elsewhere 
in the vorld, or the satisfying of the 
demand internally by the extraction of 
the needed metals from very^ low-grade 
deposits, utilizing processes whicn are 
at present undeveloped but neverthe¬ 
less conceivable. 

There are those who maintain that 
areas such as India will not attempt to 
emulate the industrialized West with 
its high per capita level of productiv¬ 


ity. Persons subscribing to this view 
maintain that the average Indian or 
Chinese does not desire large quanti¬ 
ties of material possessions—that he de¬ 
sires only to live at a consumption level 
where life is not quite so difficult as at 
present. He would be happy, it is main¬ 
tained, with an adequate food supply 
and adequate clothing, medical care, 
schooling, and housing—but divorced 
from the luxuries to which we have be¬ 
come accustomed in the West. Propo¬ 
nents of this general view believe that 
the bulk of Western productivity is 
aimed at the production of luxuries and 
that the production of life’s necessities 
would require relatively little indus¬ 
trialization. 

However, most persons, both Asian 
and non-Asian, agree that one of the 
better features of industrial civilization 
is that it has increased the length of the 
average human life-span, and most per¬ 
sons believe that each human being 
should have the right to live out that 
normal life-span. Indeed, the desire to 
live for as long a time as possible is one 
of the strongest of human desires and 
one which has contributed substantially 
to the formulation of existing develop¬ 
ment efforts. 

When we enumerate all the facilities 
which are necessary in order to make it 
possible for the average person to live 
for a span of seventy years or there¬ 
abouts, we find that the list is sur¬ 
prisingly long. First, we require ade¬ 
quate food production, and this in turn 
requires irrigation and fertilizers. Elab¬ 
orate transportation facilities are re¬ 
quired to insure adequate distribution 
of fertilizers and food and to insure dis¬ 
tribution of raw materials to the ferti¬ 
lizer factories. Construction of fertilizer 
factories, hospitals, and plants for the 
production of antibiotics requires steel, 
concrete, power, and a variety of raw 
materials. And, indeed, when we carry 
to completion our list of essentials 
which are necessary in order to permit 
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the average man to avoid premature 
death, we find that we are not far re¬ 
moved from the per capita flow of 
goods which exists in the West today. 
To be sure, it is not necessary to have 
8 tons of steel in use for every person, 
but it would be very difficult to get by 
with fewer than 1 or 2 tons. 

Thus we see that the underdeveloped 
areas of the world are enormous poten¬ 
tial consumers of the earth’s resources. 
It is of course possible that war, polit¬ 
ical difficulties, social upheavals, or 
technological barriers will c^ffectively 
prevent the industrialization of these 
areas. But if industrialization continues 
to spread over the surface of our globe, 
as seems likely, there will be consump¬ 
tion of resources on a scale difficult 
even for Americans to imagine. 

AVAILABLE RAW MATERIALS 

It is clear that, as material desires 
and needs increase, as more and more 
areas become industrialized, and as the 
population of the earth increases fur¬ 
ther, ever greater demands will be 
placed upon the earth's mineral re¬ 
sources. Although only a small fraction 
of the world is at present industrialized, 
we have already been confronted with 
diminishing concentrations of needed 
elements. And whereas man once found 
abundant high-grade ores at the sur¬ 
face of the earth, he must now fre¬ 
quently follow seams deep under¬ 
ground. The time must inevitably come 
when ores as such no longer exist, and 
machine civilization, if it survives, will 
feed on the leanest of substances—the 
rocks which make up the surface of our 
planet, the waters of the seas, and the 
gases of the atmosphere. 

As time goes by, we will see mineral 
grades diminish, but with each step 
downward in grade there will be an 
enormous step upward in tonnage. As 
grades move downward, increasing em¬ 
phasis will be placed upon the isolation 
of by-products and co-products, and 


eventually we may reach the time when 
as many as twenty to thirty products 
are obtained from a single rock-mining 
operation. As grade goes down, energy 
costs per unit of output will of course 
go up; but, given adequate supplies of 
energy, it will be possible for industry 
to be fed for a very long time from the 
leanest of substances. 

One hundred tons of average igneous 
rock contain, in addition to other use¬ 
ful elements, 16,000 pounds of alumi¬ 
num, 10,000 pounds of iron, 1,200 
pounds of titanium, 180 pounds of 
manganese, 70 pounds of chromium, 40 
jiounds of nickel, 30 pounds of vana¬ 
dium, 20 pounds of copper, 10 pounds 
of tungsten, and 4 pounds of lead.^^ 
Given adequate supplies of energy, 
these elements could be extracted from 
the rock, and it appears likely that the 
rock itself contains the requisite 
amount of energy in the form of ura¬ 
nium and thorium. 

One ton of average granite contains 
about 4 grams of uranium and about 
12 grams of thorium. The energy con¬ 
tent of this amount of uranium and 
thorium, assuming nuclear breeding, is 
equivalent to the energy released on 
burning approximately 50 tons of coal. 
It seems likely that the actual process¬ 
ing of the rock can be accomplished at 
an energy expenditure considerably 
smaller than 50 tons of coal, with the 
result that it seems possible to obtain 
a net profit from average rock and at 
the same time obtain a variety of metals 
which are essential to the operation of 
an industrial society. 

There are large beds of rocks of vari¬ 
ous types which are intermediate in 
richness between existing low-grade 
ores and the average rocks discussed 
above. Before man processes average 
rock on a large scale, he will process 
higher-than-average rock. He will iso¬ 
late iron from taconites, aluminum from 
anorthosites and clays, produce sulfuric 
11. See Rankama and Sahama (1950). 
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acid honi calcium suUutc, and isolate 
copper, tin, lead, nickel, and gonna- 
niiiin from a variety oi very low-grade 
deposits. But, eventually, man will 
learn to process ordinary rock, and, 
with practically infinite amounts of this 
lowest common denominator available, 
he will be able to build and i^ower his 
machines for a very long time. 

THE LONG VIEW 

In the absence of a world catastrophe 
it seems highly likely that machine 
civilization cither will spread rapidly 
over the surface of the (^arth, eventual¬ 
ly to become stabilized, or will prove 
to be but a transient “Golden Age’’ in 
human history, destined eventually to 
disappc'ar, much as biological species 
have disappeared in the past as the 
result of changing enviroiiineiit and the 
diminishing availability of the sub¬ 
stances upon which the species have 
fed. If there is a world catastrophe, or 
if civilization regresses to an agrarian 
existence, technological denudation will 
be halted. However, let us assume for 
the purpose of discussion that indus¬ 
trialization spreads during the course 
of the next century to India, to the rest 
of Southeast Asia, to China, to Africa, 
and to South America. Let us assume 
further that world population continues 
to rise and that per capita demands for 
goods in existing industrialized areas 
continue to increase. Clearly in such an 
eventuality denudation will take place 
on a scale which is difficult for us to 


the Face of the Earth 

As time goes by, and the earths re 
sources of fossil fuels arc consumed 
and deposits of high-grade ores are ex¬ 
hausted, we will approach asymptoti¬ 
cally the condition wherein machine 
civilization is fed entirely by the proc¬ 
essing of lowest common denominators 
—air, sea water, ordinary rock, and sun¬ 
light. By this time, population densities 
will have risen to the point where a 
great deal of water will be distilled 
from the sea for agricultural and indus¬ 
trial purposes, and most food will be 
grown by using artificial fertilizers. 
Metals such as iron, aluminum, titani¬ 
um, manganese, copper, tungsten, and 
lead will be obtained from rock, which 
raw material will also provide the ma¬ 
jor source of phosphorus. The waters 
of the seas will provide magnesium, 
chlorine, bromine, iodine, and sulfur. 
Energy will be provided by the urani¬ 
um and thorium of rocks, by the rays 
of the sun, and conceivably by con¬ 
trolled thermonuclear reactions utiliz¬ 
ing deuterium extracted from the 
oceans. Liquid fuels and the whole 
complex of organic chemicals and plas¬ 
tics will be produced from the carbon 
of limestone, utilizing either atomic 
energy or controlled photosynthesis— 
probably both. 

Let us assume that, by the time this 
point is reached, the technological com¬ 
plexities of extracting the necessary 
raw materials and of producing and 
transporting the requisite finished prod¬ 
ucts necessitate that about 100 tons of 


comprehend. iron and other metals be in use for 

Let us now examine some of the’pat- every person alive. Under this circum- 
terns of consumption of raw materials stance the bulk of the necessaiy metals 
which iniglit be expected, during the could be obtained under steady-state 
decades and centuries to come, on the conditions by processing something on 
basis of these assumptions. In order to the order of 50 tons of rock per person 
do this, we must let our imaginations per year. An amount of energy would 
run free and recognize that almost any- be available from the rock which, de- 
thing is possible from the technological pending upon the efficiency of extrac- 
point of view which does not violate tion, might amount to the equivalent of 
the fundamental physical and biologi- about 1,000 tons of coal per person, 
cal laws which govern our world. Making due allowance for the efficiency 
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of utilization of atomic energy under 
circumstances where nuclear “breed¬ 
ing” must be accomplished, at least this 
amount of energy will probably be nec¬ 
essary for powering the diverse extrac¬ 
tive and manufacturing operations and 
for the processing of the sea water. 

The total rate of denudation in this 
hypothetical world of the future will 
depend upon the level of population 
which has been reached by that time. 
On the basis of what wc now know 
concerning the rates at which popula¬ 
tion growth can be slowed down, it is 
difficult to see how the population of 
the world can be stabilized at a level 
of much less than 7 billion (again, in 
the absence of a world catastrophe). 
On the basis of what we know about 
the potentialities of technology, a pop¬ 
ulation of perhaps 100 billion could 
be supported, although, even with the 
high level of technology described 
above, the task of supporting this num¬ 
ber might prove to be extremely diffi¬ 
cult. For the purpose of our discussion 
let us assume that world population 
reaches a level intermediate between 
these two extremes—about 30 billion, 
corresponding to a twelve-fold increase 
over the existing population level. 

A population of 30 billion persons 
would consume rock at a rate of about 
1,500 billion tons per year. If we were 
to assume that all the land areas of the 
world were available for such process¬ 
ing, then, on the average, man would 
“eat” his way downward at a rate of 
3.3 millimeters per year, or over 3 
meters per millennium. This figure 
gives us some idea of the denudation 
rates which might be approached in 
the centuries ahead. And it gives us an 
idea of the powers for denudation 
which lie in mankind's hands. 

The approach to the condition de¬ 
scribed above is, for obvious reasons, 
difficult to put in time perspective. 
However, certain probable patterns 


of future raw-material consumption 
emerge which can be discussed. 

If we assume that pig-iron produc¬ 
tion outside the industrialized West 
doubles every decade, we can expect 
that, by the turn of the next century, a 
substantial fraction of the world will 
d(?pend upon low-grade iron ore such 
as taconite. As supplies of metallurgical 
coal dwindle, an ever increasing frac¬ 
tion of our iron will be produced by 
utilizing processes which minimize or 
avoid the use of coke. 

As supplies of bauxite dwindle, the 
aluminum industry will shift over to 
the processing of anorthosites and 
clays. Consumption of magnesium will 
increase, in part due to the ready avail¬ 
ability of the element in sea water. 

As supplies of elemental sulfur dwin¬ 
dle, increasing quantities of sulfuric 
acid will be manufactured from pyrites. 
As pyrites in turn disappear, sulfuric 
acid will be niimufactured from cal¬ 
cium sulfate. These developments in 
turn will result in increasing emphasis 
being placed on the utilization of nitric 
and hydrochloric acids in chemical 
processing. 

As the higher-grade deposits of the 
minor metals such as copper, lead, zinc, 
tin, germanium, and nickel dwindle, in¬ 
creasing emphasis will be placed upon 
the processing of low-grade deposits 
and upon the isolation of by-products 
and co-products. The mining industries 
as we know them today will gradually 
be tiansformed into enormous chemical 
industries. 

As petroleum and oil shales dwindle, 
liquid fuels will be produced by coal 
hydrogenation. As coal in turn dwin¬ 
dles, its use will be confined to pre¬ 
mium functions such as the production 
of chemicals. 

These various changes, from one type 
of technology to another and from one 
type of raw material to another, will 
take place irregularly in the various 
regions of the world. Anorthosites will 
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be processed in one region, while leveling effects of denudation wiU re 
bauxite is still being processed in an- suit in convergence of techniques and 
Other. The use of atomic energy will of raw materials—and mineral resources 
become widespread in some regions, as we now know them will cease to 
while others arc still obtaining their play a major role in world economy 
energy from coal. But, gradually, the and politics. 
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Influence of Man upon Nature—the Russian 
View: ^ Case Study 

ALBERT E. BURKE" 


Several historical writers of the late 
nineteenth and early twentieth cen¬ 
turies considered the Slavic peoples of 
eastern Europe to have been one of the 
more important historical and geo¬ 
graphical influences on the practical 
development of ideas in scic'nce which 
took place in Atlantic Europe after the 
seventeenth century (Sarolea, 1916; 
Kluchevsky, 1911-.32; Wallace, 1877). 
The role, in this development, of the 
East Europeans who moved eastward 
to populate the forests and grassland 
margin of the great Russian plain was 
that of a "‘buffer” between the peoples 
of eastern Asia and the peoples of the 
small European peninsula in the west. 
Their geographical situation placed 
them close to, and in several places 
athwart, the main land routes of mi¬ 
gration between east and west that lie 
north of the mountain rim^ which sepa¬ 
rates present-day Russia from the coun- 


* Mr. Burke is Lecturer in Geography and 
Director of Graduate Studies in the Conserva¬ 
tion Program at Yale University, New Haven, 
Connecticut. As the son of an American en¬ 
gineer employed in the U.S.S.R. after World 
War I, he lived and went to school for a num¬ 
ber of years in the Soviet Union. His academic 
interests have been in geography, ecology, 
conservation, and education. For the last 
three years he has presented a weekly half- 
hour television program, entitled “This Is Your 
World,” over WNHC-TV, New Haven, Con¬ 
necticut. 

1. The mountain rim made up of the Cau¬ 
casus, Elburz, Hindu Kush, Pamir, and Tien 
Shan ranges. 


tries of the Middle East. South of that 
iTKnintain rim, centered on present-day 
Turkey, the Byzantine Empire per¬ 
formed a similar function in blocking 
the main land routes of migration from 
sf)uthf»ast to northwest. Together, the 
peoples of Byzantium and the peoples 
of early Russia formed a physical as 
well as a cultural axis, a buffer zone 
which acted for several hundred years 
to slow down or absorb westward-mov¬ 
ing peoples from the east and south¬ 
east. For this reason, Europe—particu¬ 
larly Atlantic Europe—was left largely 
to its own devices, which were grad¬ 
ually worked into the tools and inven¬ 
tions that led ultimately to the indus¬ 
trial revohition. This gradual develop- 
iTKmt of practical ideas in science took 
place among European peoples who 
w€*re largely spared the disruptive im¬ 
pacts of non-European cultural inva- 
.sions. 

England, where the industrial revo¬ 
lution began, had a “defense in depth” 
against such invasion. The East Euro¬ 
pean peoples and the Byzantine peoples 
comprised an “outer defensive rim,” 
while the peninsula of Europe and the 
English Channel formed an inner pro¬ 
tective belt. The people of England 
were favored by geographical condi¬ 
tions and by historical circumstance to 
be able to devote the greatest part of 
their energies to trade and commerce, 
on the one hand, and to the develop¬ 
ment of ideas in science, on the other. 
Spared the disruptive influence of non- 
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European culture invasion, the British 
people worked those scientific ideas 
into the most disruptive physical and 
cultural force in human history. 

The tools and inventions of the in¬ 
dustrial revolution transformed the 
lives of most European peoples soon 
after their introduction into European 
affairs but have only within recent 
years reached out to affect the lives of 
the Slavic peoples, whose geographical 
and historical role on Europe's “outer 
rim” helped to make the development 
of those tools and inventions possible 
in the first place. The industrial revo¬ 
lution has been in process of disrupting 
the lives of Russia's people for some¬ 
what less than a hundred years. It is in 
process of transforming the ways of 
life of people in many other places 
now. No other force in our lives is re¬ 
sponsible to the same degree for the 
unrest and turmoil in the world today. 
No other force in human history has 
given man the power that he now com¬ 
mands to change the face of the earth. 
No other group of people is more deter¬ 
mined to use that power to change the 
face of its part of the earth—a very 
large part—than the descendants of 
those early peoples along the northern 
part of Europe’s outer rim—the Rus¬ 
sians. 

In his book Russia in Flux, Sir John 
Maynard suggested (1948, pp. 14-15) 
that one of the most important ideas 
brought into the lives of the Russian 
people by the Bolsheviks when they as¬ 
sumed control in Russia in 1917 was 
the idea that science gave creative 
powers. This concept. Sir John be¬ 
lieved, was the essence of the New 
Russia, and it stemmed originally from 
the writings of Karl Marx. As inter¬ 
preted by the Bolsheviks, Marx seemed 
to say that man was not bound to a 
pitilessly revolving wheel of fate but 
could contribute to the making of his 
own history—through the powers of 
science. This was a concept suited to 


the needs of the hard core of Russian 
revolutionaries who were determined 
to transform a backward, agricultural 
Russian empire into a balanced indus¬ 
trial-agricultural nation in the shortest 
possible time. It was the kind of hope, 
or faith, needed to motivate the Rus¬ 
sian people to fight against the severe 
physical limitations which affect liter¬ 
ally the whole of Russia—limitations 
not entirely understood by the casual 
observer of the Russian scene. 

Cressey (1949, p. 335) has stated 
succinctly and well the “too much” or 
“too little” aspect of Russian geogra¬ 
phy. Northern Russia is too cold and 
wet, southern Russia is too dry and hot, 
and eastern Russia is too high and cold 
and dry to be worked easily for the 
production of the quantity and variety 
of agricultural and industrial raw mate¬ 
rials needed by a modern, balanced, 
agricultural-industrial state. More ef¬ 
fort and energy must be expended to 
wrest industrial raw materials from a 
frozen landscape in Siberia than from 
resource bases in the Ruhr Valley or 
the mines in our states of Illinois and 
Kentucky. More effort and energy must 
be expended to wrest agricultural raw 
materials from a land base affected by 
a strong continental climate and unpro¬ 
tected by any significant geographical 
barriers in the north from the influence 
of the Arctic than are needed to grow 
the foodstuffs and industrial crops 
taken off the farmlands of Europe or 
the United States. The need for a strong 
faith in man’s ability to overcome such 
limitations explains in large part the 
heavy emphasis on the place of science 
in Soviet affairs from the outset of the 
Soviet regime. Science in the U.S.S.R. 
is considered to be a weapon for use in 
“transforming nature.” This purpose 
was clearly expressed in what was 
called the “Great Plan for the Trans¬ 
formation of Nature” announced by the 
Soviet press late in 1948.^ The essence 
2. Pravda, October 24, 1948. 



Influence of Man upon Nature—the Russian View 


of this plan was to change the face of 
the Russian earth, but its roots go deep¬ 
er into Russian history than the last 
thirty-eight years of Soviet emphasis on 
science. 

The tools and inventions of the in¬ 
dustrial revolution reached Russia long 
after they had disrupted and trans¬ 
formed the ways of life, and landscapes, 
of peoples in JEurope. About two hun¬ 
dred years before the Bolshevik seizure 
of power in 1917, Peter the Great, per¬ 
sonally and with great diligence, tried 
to import the newly developing indus¬ 
trial bases of national and international 
power from western Europe and to 
establish them in Russia. To do this, he 
spent two years traveling through Ger¬ 
many, Holland, and England, working 
as a common laborer in shipyards, 
studying the factory system, conversing 
with learn(?d men of science, and gath¬ 
ering models of machines as well as 
scientific literature. His efforts were not 
successful because he tried to super¬ 
impose the more advanced material 
standards of western Europe on a fixed, 
feudal agricultural base which had al¬ 
ready been discarded in England and 
was on the way out in much of the rest 
of Europe. Not until Russia’s defeat in 
the Crimean War a hundred and fifty 
years after the time of Peter the Great 
did the full effect of this measure of 
Russia’s retarded development, its 
feudal system, become clear. The in¬ 
dustrial revolution had produced a new 
power base in the world through the 
practical development and use of ideas 
in science. Russia did not have that 
base. Alexander II, who ruled at that 
time, acted to establish the new base of 
power in Russia bv introducing the re¬ 
forms which abolished feudalism in 
that country in 1861. This was the point 
in time when the industrial revolution 
entered the body of Russian life by dis¬ 
rupting the near-subsistence economy 
of the peasant. A money economy was 
introduced by requiring the peasant 
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village community to buy land from the 
landed aristocracy. Alexander hoped 
that the need to acquire money for pay¬ 
ment of land would force the Russian 
peasant to produce agricultural sur¬ 
pluses which would require more mod¬ 
ern methods of farming and which 
would produce a reserve of capital to 
be used by the aristocracy in establish¬ 
ing and expanding a Russian industrial 
base. It was a well-conceived idea; as 
carried out, though, it was tragically in¬ 
adequate to the need of that time. 

However, Alexander’s reforms did 
bring about significant changes in the 
Russian landscape. Urban centers im¬ 
mediately began to expand as displaced 
farm labor moved to the cities. Farm¬ 
ing areas expanded, too, as a railroad 
network was established linking the 
main agricultural districts to domestic 
and to world markets. The extractive 
industries boomed as industrial bases 
were established in the Ukraine and 
central Russia. The industrial revolu¬ 
tion began the process of transforming 
the ways of life and landscapes of Rus¬ 
sia’s people more than fifty years be¬ 
fore the Bolsheviks came to power to 
intensify that process. The roots of 
present-day Soviet plans to change the 
face of Russian earth go deep into Rus¬ 
sian history. The need to do so goes 
deep into Russia’s future. 

Few concepts developed in western 
Europe have been castigated by Soviet 
scientists as thoroughly as that of 
Thomas Malthus and those of other 
European and American writers who 
suggest that man must operate within a 
framework of specific, though changing 
and fairly broad, limitations at all times 
(Semenov and Popov, 1950). The Mal¬ 
thusian concept, published in 1798, sug¬ 
gests a close relationship between the 
size of populations of living organisms 
and the means for their subsistenc<’. 
The concept that there is a need to 
maintain a balance in nature, in which 
man recognizes limitations imposed by 
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his rnitunil environment beyond which 
it is not wise to go at a given moment 
in time, crosses the grain of Soviet pur¬ 
pose to use science as a means of mas¬ 
tering all environmental limitations. 
Subsequent to the publication of Mal- 
thus’ idea, more than a hundred years 
of great undreamed-of economie expan¬ 
sion pushed it into the baekground of 
scientific thinking in those parts of the 
world affected by the industrial revo¬ 
lution. Recent events the world over, 
however, in places where populations 
are pushing the limits of their food and 
other resource supplies, have once 
more brought the ideas expressed by 
Malthus into focus. Russia itself is one 
of those places, despite the vehement 
denials of Soviet cornucopians. 

To a degree that most Americans 
cannot quite understand, a healthy in¬ 
dustrial economy rests heavily on a 
healthy agricultural bas(\ America has 
been so graciously endowed with vast 
tracts of fertile lands, and has been so 
fortunate in not having to overcome 
established traditions of land use dur¬ 
ing its agricultural development, that 
the full significance of land problems— 
in Russia or any place else—simply has 
not been grasped by ns. Con.siderable 
emphasis has been placed on several 
important similarities which exist in the 
agricultural histories of the American 
and Russian peoples by writers who 
point out the movement of each group 
from a forested base to grasslands and 
finally into desert and mountain coun¬ 
try. The movement in North America, 
\vhich dominated agricultural develop¬ 
ment in what is now the United States, 
was westward from the humid forested 
hearth in which the original colonies 
were located. Russia expanded primari¬ 
ly to the east, from the humid forested 
hearth of early Muscovy. However 
great the similarity of landscapes into 
which both peoples moved as they grew 
into land empires, the land-use systems 
laid down in each place were not alike. 


Americas growth was not accompa¬ 
nied by the imposition of a land-use 
pattern which was intended to inte¬ 
grate the whole of the expanding state 
into an already established agricultural 
system—such as that which operated in 
Russia during that country’s feudal 
period. While there were areas in the 
United States in which elements of the 
feudal system did operate, as in the 
southern colonies and in later time the 
group of states included in the southern 
Confederacy of the mid-nineteenth cen¬ 
tury, nevertheless it was the northern 
farmer whose influence was greatest in 
the evolution of American agriculture. 
This influence in the United States re¬ 
sulted in an emphasis upon individual 
property rights in land, and it was sup¬ 
ported by the homestead system 
through which the American “public 
domain” passed into the hands of a 
largely independent farm population. 
The face of the American earth in the 
United States shows the effect of this 
land-use pattern in the widely dis¬ 
tributed homesteads of our farmlands. 
Each farmer lives on the land he owns 
or works. 

The face of the Russian earth pre¬ 
sents a very different aspect, reflecting 
the evolution of a land-use system 
rooted in large part in the historical 
experience of the Russian people. 
Geography and history combined to 
affect the development of Russian soci¬ 
ety on the great Russian plain in ways 
that placed the farming population of 
that country in village communities, 
not in individual homes on individual 
farm.steads. The Soviet Russian collec¬ 
tive-farm and state-farm system today 
is essentially superimposed upon this 
early village community pattern in 
which the farmers live together in a 
central place and work the farmland.s 
which are laid out around the central 
place. This land-use system is not 
uniquely or distinctly Russian. It oper¬ 
ated in Europe at one time, and ves- 
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tiges of this system still remain there. 
It operates today in much of the rest of 
the world. The reasons for its presence 
in Russia, however, and its strength as 
an element of present-day Soviet soci¬ 
ety are relatively unique and distinc¬ 
tive. 

Conflict with other societies and tlui 
problems presented by the physical en¬ 
vironment are a part of the backgrounds 
of human beings throughout the world. 
The Slavs on the great Russian plain 
reacted to the stimulus of their particu¬ 
lar physical and cultural problems by 
banding together into communal groups 
to overcome them. These communal 
groups operated under conditions that 
have been described for other peoples 
in other places as those of a system of 
archaic communism (Hourwich, 1892, 
p. 19). On the Russian plain this early 
communal organization served best to 
meet the periodic impact of c ultural in¬ 
vaders from east and west, on the one 
hand, and to wrest a livelihood, on the 
other, from a land base with severe en¬ 
vironmental limitations. Unlike the 
gray-brovvm podzolic soils of the early 
northern and middle colonies in North 
America, which are the most naturally 
fertile and productive c^f the worlcFs 
pedalferic soils, thc^ much less fertile 
and less productive podzolic soils of 
early Muscovy were easily "workc'd 
out” in most places and necessitated a 
form of shifting agriculture. The partic¬ 
ular combination of geographical and 
historical circumstances involved made 
a settled existence for the early Rus¬ 
sians hazardous and the establishment 
of a firm Russian government difficult. 
The first firm government of national 
character appears in Russia with the 
crowning of the first great prince of all 
the Russias in 1462. At this point in 
time, when grants in land were givcm 
to loyal servitors of the great prince, 
the basis for Russian feudalism which 
tied the communal groups to the land 
was established. As indicated earlier. 
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Russian feudalism lasted into the mid¬ 
nineteenth century, incorporating, as it 
expanded eastward, new lands and new 
peoples into an existent agricultural 
system. The land-use pattern which de- 
vt'loped during that time had too much 
cultural momentum to break down in 
the relatively short period between the 
end of feudalism in 1861 and the estab¬ 
lishment of Soviet power in 1917. The 
Bolsheviks in 1928 acted to perpetuate 
this deeply rooted Russian land-use sys¬ 
tem by making it the basis for a collec- 
tivfzed agriculture. Thus the face of 
Russian earth presents a very different 
aspect of human occupance and activ¬ 
ity from the face of American earth, 
whatever similarities may otherwise 
('xist in the agricultural histories of 
both places. 

Today's collectivized agricultural 
svstem in Russia has increased agricul¬ 
tural production over all but not at a 
rate to keep pace with the expanding 
iK'cds of a rapidly growing human pop¬ 
ulation. Population pressure on Russian 
farmlands has been an important fac¬ 
tor in that country’s land problems since 
the middle of the nineteenth century. 
As a region of extensive agriculture, 
with a lowf'r carrying capacity than 
exists on the farmlands of the rest of 
Europe, where a more intensive agri¬ 
culture is practiced, Russia's agricul¬ 
tural means of subsistence to support 
its growing population is one of its 
more serious present problems. The in¬ 
creasing pressure of growing popula¬ 
tions on their agricultural means of 
subsistence and other resource supplies 
also confronts more than two-thirds of 
the agricultural world around the 
“Western” industrial nations. 

The American people have not 
known this kind of problem and do not 
understand it. More than anything else, 
this lack of awareness of the meaning 
of land problems in the lives of the 
largely agricultural world around us is 
at the root of our current troubles in 
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international affairs. The Russians are 
more closely attuned to the problems 
of peoples in that agricultural world 
because of their own agricultural diffi¬ 
culties, which are severe. Russia’s phys¬ 
ical disadvantage in this respect has 
been manipulated to its political ad¬ 
vantage on the ideological “front” in 
the nature of its drive for the suj^port 
and loyalties of land-poor and land- 
hungry peoples throughout the world. 
However, in the long run, this ideolog- 


is great. Russia’s status as a world 
power depends upon the degree to 
which success in changing the face of 
its earth is possible. 

The “Great Plan for the Transforma¬ 
tion of Nature,” mentioned previously, 
was planned to attack the land problem 
and thus expand the means of subsist¬ 
ence being put under pressure at the 
moment by the rapidly expanding 
Soviet population. In December, 1953, 
it was announced that many parts of 



Fig. 175.—The Russian agricultural wedge 


ical advantage is not enough. Raw 
materials feed the expanding industrial 
capacities of all industrial societies. 
Roughly half the raw materials con¬ 
sumed in our manufacturing industries 
in the United States come from our 
farmlands (Ordway, 1953, p. 22). Com¬ 
parable statistics for the Soviet Union’s 
manufacturing process are not avail¬ 
able, but there is no reason to assume 
that Russian farmlands are less impor¬ 
tant in this respect than our own. Rus¬ 
sia’s need to overcome its land problems 


this plan had been discontinued. How¬ 
ever, its importance for our considera¬ 
tion lies in an analysis of the problems 
the plan was originally designed to 
overcome as well as of the methods to 
be used in overcoming them which arc 
reflected in landscape change. The 
Soviet Union’s best agricultural lands 
(Fig. 175) are situated in a fairly nar¬ 
row triangular wedge on the great 
Russian plain in the western half of the 
country. The broad base of this wedge 
lies in the west, with the apex in the 
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east roughly at that point where the 
Yenisei Kiver pours out of the Siberian 
upland. The bulk of the Soviet Union’s 
political, social, and economic activities 
are centered in that agricultural wedge, 
and all these activities are subject to 
physical hazards not encountered in 
other parts of the industrialized world. 

The northern part of the Siberian up¬ 
land, in the eastern half of Russia, has 
been called the world’s “weather fac¬ 
tory.” Air-mass movements originating 
here affect the weather of North Amer¬ 
icans and Europeans most of each year. 
During the winter months a heavy mass 
of cold air descends on the Siberian up¬ 
land as a result of the extreme cooling 
of the land. It spreads out at the surface 
in all directions to affect all parts of 
the Asian land mass in varying degree, 
but that part of it moving westward 
undergoes some changes which have a 
strong influence on human activities on 
the great Russian plain (Balzak et ah, 
1952). There are no significant barriers 
between the agricultural wedge on the 
plain and the Arctic Ocean. A cross- 
section of the Russian plain from north 
to south will show a gradual rise in the 
elevation of the land mass from the 
shores of the Arctic Ocean to a low 
east-west divide about midway between 
the northern and southern limits of the 
country and a fall to the south. In the 
eastern part of western Russia this fall 
continues to points well below sea level 
in the central Asian depression which 
includes the Caspian Sea. 

North winds from the Arctic move 
across this barrier-free landscape to 
penetrate deeply into the country. 
These north winds join forces with the 
flow of bitterly cold air off the Siberian 
upland; together they act to blanket 
the Russian plain. I lived in the city of 
Kharkov during the winter of the year 
1931 and can remember a siege of cold 
waves which lowered temperatures 
there to —30° F.—cold waves which 
kept temperatures near freezing that 


year until about the first week of May. 
If for any reason this blanket of cold 
air lasts too long in the spring, or sets 
in too early in the fall, many agricul¬ 
tural districts on the plain are affected 
adversely, for the growing season is 
shortened critically. Any loss today of 
harvc'stable crops can be a serious blow 
to the Sf)viet economy, which needs to 
support a population of about 210 mil¬ 
lion persons. 

Ihe combination of Arctic winds 
from the north and the flow of air from 
the Siberian upland also creates on the 
Russian plain what are known as 
hurani. These are strong surface winds 
which act to remove the winter snow 
cover from open fields, thus reducing 
the reserve of soil moisture available 
lor crops during the planting period the 
following spring. The evaporative 
power of these winds during the win¬ 
ter months is particularly effective in 
removing moisture from the soil in the 
absence of a protective snow cover. 
Many experimental methods have been 
undertaken to ameliorate this problem 
(Kovda, 1952, p. 27). 

The winter climatic hazards in the 
agricultural picture are matched by the 
problem of periodic drought during the 
growing season and by the movement 
of hot, dry winds called suxovei from 
the arid lands of south-central Russia 
into the forest-steppe and black-earth 
districts of the western and central 
parts of the country. According to Rus¬ 
sian agricultural records, there were 
thirty-four such years of drought and 
dry winds in the eighteenth century 
and forty of them during the nine¬ 
teenth century, an average of approxi¬ 
mately one year of drought every two 
or three years {ibid., p. 23). The dry, 
summer suxovei are similar to the hot 
winds from the desert interior of Cali¬ 
fornia, which are known locally as 
“Santa Anas” and have a high evapo¬ 
rative effect. Attempts to cut down the 
effects of these winds on Russian farm- 



1042 


Mans Role in Changing 

lands go back more than a century in 
the Ukraine and were supported 
strongly in the writings of Russian soil 
scientists, such as Williams, Doku- 
chacv, Kosticlu'v, Vysotskii, and others 
on behalf of alforestation projects. 

The “Great Plan for the Transforma¬ 
tion of Nature,” announced in 1948, 


/lie Face of ihe Earth 

of the suxovei and so mitigate their ef¬ 
fect on the grain-producing regions 
(Fig. 176). A thick network of collec¬ 
tive-farm and state-farm forest strips 
were to be established as well, which 
would cover about 15 million aeres but 
would protect up to 300 million acres 
of farmland, some of which would be 



Fig. 176.—Shelter-belt network: Dokuchaev Experiment Station, Stony Steppe, Voronesh Re¬ 
gion, U.S.S.R. (From USSR in Construction, 1949, Issue 3, p. 1.) 


was basically a huge afforestation proj¬ 
ect and was described as “a fifteen-year 
plan for changing the natural condi¬ 
tions of the steppe and forest-steppe 
regions of western Russia” {ibid., p. 
30). According to the plan, eight state 
forest belts were to be established 
along the flood lands and watersheds of 
the major rivers. It was hoped and be¬ 
lieved that these vegetation barriers 
would act to slow down the movement 


placed under crops for the first time 
(Fig. 177). At the same time a specific 
pattern of grassland crop rotations was 
to be introduced to better the condition 
of farmland soils, along with the con¬ 
struction of 44,000 ponds and reservoirs 
for storage purposes and to meet local 
irrigation needs. The farmed areas be¬ 
tween the tree belts would be protected 
against the loss of winter snow cover 
due to the burani as well as against the 
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effects of the summer suxovei, thus con¬ 
tributing to greater reserves of moisture 
in the soil each year to meet plant needs 
and so provide bigger and better har¬ 
vests for a rapidly expanding Soviet 
population, 

Imj^licit in this plan was the idea that 
man can control climate. Not only was 
it expected that the planting of trees 
and shrubs, by altering the microcli¬ 
mate in the protected areas, would pro¬ 
tect Russian farmlands against the se¬ 
vere physical hazards but it was also 
believed that the macroclimate of the 
affected regions in the western part of 
the Russian plain would be changed 
significantly by the artificial creation of 
tree? belts as planned. The consensus at 
the moment is that such speculation is 
largely nonsense. Meteorologists and 
climatologists arc pretty much agreed 
that climate produces vegetation and 
that vegetation does not affect the cli¬ 
mate significantly. However, there are 
dissenting points of vieiw on this mat¬ 
ter, particularly among those scien¬ 
tific workers who point out that our 
knowledge is inadequate about ground¬ 
water characteristics and their effect on 
plant life and about evapotranspiration 
rates for different kinds of trees and 
plants and their effect on local climates 
(Zon, 1927). Then, too, there arc others 
who suggest that the full extent of 
man’s activities in the past in creating 
artificially cleared landscapes and the 
effect of this carried into the present 
period are not well known either 
(Sauer, 1952, pp. 12-18). The latter 
point of view is supported by the Rus¬ 
sian geographer Kotelnikov (1950, pp. 
150-53), who states his belief that the 
original character of any landscape is 
altered for very long periods of time, if 
not permanently, by human activity. 
He stresses the fact that, were all hu¬ 
man activity in any given area to end 
suddenly, all the elements of nature in 
that area would not revert to an “origi- 
nal*’ state and could not ‘‘by them¬ 
selves.” Kotelnikov sees the “Great Plan 


for the Transformation of Nature*" as 
a means of restoring nature to former 
levels of productivity through the care¬ 
ful and sensible use of the scientific 
method and in this way getting nature 
to work better to satisfy man’s needs. 

Two important factors in the possible 
success or failure of this effort to alter 
Russian agricultural landscapes are the 
nature of the area involved and its im¬ 
portance in the Soviet economy. The 
afforestation project was intended to 
protect a large part of Russia’s good- 
to-excellent farmlands located in the 
“forest steppe” (Fig. 178). This is a re¬ 
gion, located south of the mixed and 
coniferous forest zone of northern and 
central Russia, which in the past was 
covered by fairly heavy stands of trees 
in many places. With the expansion of 
the Russian state into this vegetational 
zone, practically all of this natural tree 
cover was removed in order to prepare 
the land for farming. Whether or not 
an area once in trees could again be 
jffanted to trees and be made to main¬ 
tain them—restoring nature to a former 
level of productivity as visualized by 
Kotelnikov—was of considerable impor¬ 
tance in the tree-belt plan. 

A similar afforestation project in the 
United States in 1934 undertook to 
plant approximately 30,220 tree belts 
along the hundredth meridian. Almost 
18,600 miles of such belts on our farm¬ 
lands in that region were eventually es¬ 
tablished, but the results were not gen¬ 
erally successful except in local places. 
Much work remains to be done to an¬ 
alyze specifically the effects of our shel¬ 
ter-belt plantings upon agriculture in 
that part of North America. The area 
involved in the United States encom¬ 
passed that part of American farmlands 
in the vicinity of the 20-inch rainfall 
line, which is generally considered to 
be the line beyond which agriculture 
either cannot be carried on without ir¬ 
rigation or is considered to be a haz¬ 
ardous undertaking (Fig. 179). It is also 
in the general vicinity of the line sep- 



Fig. 178.—Landscape zones of the U.S.S.H 



Fig. 179.—Landscape zones of the United States 
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uniting the short-gniss and tail-grass 
country and is not considered to be a 
part of the forested area of the coun¬ 
try. This region along the hundredth 
meridian does not iiu Jiide the bulk of 
this nation’s best producing farmlands; 
but the area encompassed by the So- 
\ iet Union’s affori'station project does 
include a large part of Russia’s best 
farmlands. 

These are very important and signif¬ 
icant differences, too often ignored. The 
differences which exist underscore a 
greater Russian need to make the shel¬ 
ter-belt program succeed in the Soviet 
Union, where a similar effort might not 
be considered worth the time or ex¬ 
pense in other parts of the world. In 
the years immediately precc'ding World 
War 11, when the population of the So¬ 
viet Union numbered about 175 million 
persons, that country harvested crops 
on about 338 million acres of farmland. 
During the same period the United 
States, with a smaller population num¬ 
bering about 130 million persons, har- 
vestecl crops from 343 million acres of 
farmland. The amounts of cropland in 
production have not changed appre¬ 
ciably in either place since that time, 
though population growth has been 
great in both countries. With a larger 
population dependent upon a smaller 
and more severely restricted agricul¬ 
tural base than exists in the United 
States, the Soviet Union is striving to 
overtake and surpass America as a lead¬ 
ing world power. The serious nature of 
the Russian problem—its greater need 
to stabilize and expand its agricultViral 
situation as was contemplated in the 
plan to establish tree belts—is clear. 

Whate ver the ultimate effect of the 
plan may have been, a progress report 
issued in 1951 indicated that at that 
time more than 5,000,000 acres had 
been planted with trees and shrubs, 
more than 13,000 reservoirs and ponds 
were completed, and 350 forest-protec¬ 
tion stations had been organized and 


wt're served by specially assigned, 
skilled personnel. Survival rates were 
not listed to indicate how many of the 
trc*es and shrubs planted since the start 
of the project remained alive in 1951. 
The ix'cord of other afforestation experi¬ 
ments of similar nature carried on in 
v arious parts of Russia since 1931 indi¬ 
cates a survival rate of about 20 per cent 
under roughly .similar conditions (Krv- 
lov r/ r//.,'l948, pp. 199-220). Despite 
this inauspicious prospect, there is no 
doubt that the effort to bring about this 
colossal transformation of the Russian 
landscapes was stressed and that part of 
the plan w’as accomplished, pricer to De¬ 
cember, 1953, to mc^et Russia’s immedi¬ 
ate need for a stabilized as w^c'll as an 
ewpanded agricultural base. 

Soon after the explosion of Russia’s 
first atomic bomb in Sej^tember, 1949, 
the Soviet Union’s chief delegate to the 
United Nations, in a .spcjech before the 
General Assembly of that body, stated 
that atomic power w^ould be used to 
“mcwc3 aside mountains” and to “change 
the courses of rivers” in the peaceful 
development of the Russian economy. 
The motivation for this speech was an 
article which appeared in a geological 
journal published in 1949 by the Acad¬ 
emy of Sciences in the USSR outlining 
a plan for the displacement of fresh 
winter from rivers in the Russian north 
to the central Asian desert territories in 
the south. This was to be a gigantic ef¬ 
fort to reclaim the arid lands in the 
south and at the same time provide 
fresh water to stop the fall in the level 
of the Caspian Sea, wdiich had been 
particularly noticeable in recent years 
(Obruchev, 1949, pp. 230-^33). 

The plan was considered to be fea¬ 
sible by the Russians because of the lay 
of the land mentioned earlier in de¬ 
scribing the cross-section from the Arc¬ 
tic through to the central Asian depres¬ 
sion. The upland ridge, or divide, ex¬ 
tending east-west through the center of 
Russia’s great plain and lowdand region 
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west of the Yenisei River is responsible 
for the north-south drainage pattern in 
the western half of the country (Fig. 
180). One of the flattest unbroken 
landscapes on earth exists north of this 
continental divide in the area between 
the Ural Mountains and the Siberian 
upland. Across this terrain, with a fall 
of only 298 feet in 1,864 miles (a drop 
of less than 2 inches per mile), the Ob- 
Irtysh river system drains northward to 


water into the rivers, which then pro¬ 
ceed to flood large areas of this flat land 
surface until such time as the ice dam 
})reaks. At that time this great i(\scm\(' 
ol fresh water -needed so badly in Rus¬ 
sia’s agricultural districts in tlu? south¬ 
ern aiid western regions of the countrv 
—is lost as it enters the Arctic Ocean. 

The Ob-Irtysh lowland is a part of 
the earth’s crust which underwent sub¬ 
sidence sometime during pre-Jurassic 



the Arctic Ocean (Nuttonson, 1950). 
The direction of flow is such that freez¬ 
ing of the mouth of the Ob occurs with 
the onset of cold weather before the 
main body of water in the rivers to the 
south is affected, which causes an an¬ 
nual pile-up of fresh water behind an 
ice dam. This winter condition, how¬ 
ever, is little more than a prelude to the 
deluge of waters from the south which 
begins with the spring thaw. Melting 
snows and the early spring rains falling 
on a largely frozen, impermeable land 
surface pour great quantities of fresh 


time (Edclsti(‘n, 1926). During the first 
half of the Tertiary period this lowland 
was covered by a sea which drained 
through a break in the upland ridge 
rimming the lowland in the south in 
the vicinity of the headwaters of the 
Tobol River. The essence of this water 
displacement scheme, envisaged by a 
Soviet technician named Davidov, was 
to dam and drain parts of the flooded 
Ob-lrtysh lowland through this ancient 
channel which once fed a much larger 
Aral Sea. This would provide the water 
needed to expand agricultural activi 
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ties in tlie central Asian depression and 
at the same time supplement the water 
taken for irrigation purposes from the 
Volga River. The Volga is the main 
source of water for the Caspian Sea, 
and the fall in level of that water body 
has been attributed to the great drain 
on the Volga’s water as that river passes 
through Russia’s farmlands. Water from 
the Ob-Irtysh river system would re¬ 
place this loss. Parts of this plan, as in 
the case of the ‘‘Great Plan for the 
Transformation of Nature,” have been 
undertaken and in part completed. The 
grand scale of this latter project also 
was reduced in scope in Deeember, 
1953. The important aspect of both 
plans, however, is the expressed convic¬ 
tion that man can dominate nature. 

This conviction is passed on force¬ 
fully in the educational system of the 
Soviet Union, in which a devotion to 
science, technology, and machinery is 
stressed. From the start of the drive to 
build an industrial power, the Soviet 
schools have performed a very impor¬ 
tant role in teaching what was consid¬ 
ered to be the correct point of view 
about land use in Russia. In 1928, at the 
outset of the first of the several five- 
year plans which have raised Russia 
from an eighth-rate industrial power to 
a point where that country is now sec¬ 
ond in industrial production only to the 
United States, the slogan “Technique 
Decides Everything” shaped the em¬ 
phasis on Soviet education (Johnson, 
1952'). This emphasis was expressed 
clearly in a textbook published in the 
U.S.S.R. in 1929 for school children from 
twelve to fourteen years of age. It was 
called “The Great Plan” and referred 
to the meaning of the first five-year plan 
which was begun in October, 1928 
(Ilin, 1929). Page 2 of this textbook 
states in part: 

On the banks of a large river great 
cliffs are being broken into bits while 
great machines like prehistoric monsters 


liiniber clumsily up and down a gigantic 
ladder carved out of a mountain. A river 
appears where none existed before, many 
kilometers long. A swamp is suddenly 
transformed into a broad lake. On the 
steppe, where only feather grass and red 
lop grew, thousands of acres of wheat 
now wave in the breeze. Steel masts rise 
over the whole country; each mast has 
four legs and many arms and each arm 
grasps metal wires. Through these wires 
runs a current, the power and might of 
ri\'crs and of waterfalls, of coal beds and 
peat swamps. This is the five-year plan. 

Chapter iv of this book goes on to say: 

We must discover and conquer the 
country in which we live. It is a tremen¬ 
dous country, but not yet entirely ours. 
Our steppe will truly become ours only 
when we come with columns of tractors 
and plows to break the thousand-year-old 
virgin soil. On a far-flung front we must 
w'age war. We must burrow into the earth, 
break rocks, dig mines, construct houses. 
Wc must take from the earth. . . . 

This emphasis upon the need to wage 
constant war against nature, to domi¬ 
nate the physical world around man, to 
control it, was expressed in a basic text¬ 
book for children. It is matched on a 
higher level, in science, by the often- 
quoted statement of the Russian plant 
scientist Ivan Michurin to the effect 
that “we can expect no favors from Na¬ 
ture; our job is to take them.” To make 
it possible for Soviet man to subdue na¬ 
ture, the Soviet educational system has 
emphasized and provided the necessary 
techniques. The drive to subdue nature 
is an essential part of the Soviet econ¬ 
omy. 

In a report delivered at the Eight¬ 
eenth All Union Conference of the 
Communist Party of the Soviet Union 
on February 18, 1941, N. Voznesensky, 
one-time head of the State Planning 
Commission, after reviewing the ac¬ 
complishments of the Soviet economy, 
described and discussed its goals. Brief¬ 
ly stated, they are: 
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1. The national economy of the U.S.S.R. ... 
implies first and foremost a constant 
and steady growth in all branches of 
that economy. 

2. It further implies a steady increase in 
Socialist accumulation. 

3. It further implies a steady rise in the 
material standard of the working peo¬ 
ple, an increase in their consumption. 

As described by Voznesensky, the So¬ 
viet economic ideal is that of a con¬ 
stantly expanding economy which pro¬ 
vides for a steady increase in the ac¬ 
cumulation of material wealth and a 
progressively higher standard of living 
for its people. Whatever political label 
may be attached to this economic pur¬ 
pose, it cannot be realized without an 
adecpiate resource base and an ade- 
cpiate development of that resource 
base. 

In contrast to its agricultural situa¬ 
tion, the Soviet Union’s industrial base 
is strong. A considerable part of Russia 
has not yet been adequately mapped 
geologically, but that country is already 
almost self-contained in the minerals 
required by industry. This favorable 
mineral situation is to a considerable 
extent the result of the post-World War 
II expansion of Soviet power, which 
has included the countries of eastern 
Europe, China, North Korea, and North 
Viet-Nam in the Communist bloc. From 
these countries are derived those min¬ 
eral items which were in short supply 
in Russia before World War II (Bate¬ 
man, 1952). The need to supply these 
items has resulted in an expansion of 
the extractive industries’ base in the 
newly created Soviet states which is 
closely related to the establishment of 
heavy industry in each place. This em¬ 
phasis is in line with the basically sim¬ 
ilar development that took place in 
Russia during the several five-year plans 
which have resulted in striking changes 
of cultural landscape in that country. 
Older cities and towns in Russia grew 


quickly under the stimulus of industri¬ 
alization, and new rural and urban cen¬ 
ters have been created where the need 
existed. Moscow, for example, increased 
in population from 1,800,000 in 1913 to 
5,100,000 by 1950. Similarly, the city of 
Kharkov in the Ukraine jumped from 
250,000 persons to almost 850,000 dur¬ 
ing the same period. Gorki, an impor¬ 
tant automotive center in west-central 
Russia, has grown about six times its 
size of 1913. Stalino, in the industrial 
center of the Ukraine, expanded ten 
times. Cultural landscapes in the Soviet 
world show the effects (»f widespread 
urbanization as the disruption of the 
fornierlv dominant agricultural econo¬ 
mies of most of that part of the world 
goes on. 

Considered over all, the resources 
available to the Soviet Union of States 
and to Russia in particular are not fa¬ 
vorably distributed. Tliere is no real 
equivalent in the Soviet Union today 
for its major industrial centers to com¬ 
pare with the favorable juxtaposition 
of resource items that exists in many 
parts of the United States. The bulk of 
Russian coal supplies, for example, are 
located east of the Ural Mountains, 
while the major supplies of its good 
iron ores are located west of that moun¬ 
tain range. Distances are great, and the 
long hauls required to bring industrial 
minerals and related resources together 
explain the critical role of the railroads 
in Russian industry. It also explains the 
location of new cities and towns which 
have been created across the length and 
breadth of Russia in the Soviet period. 

Tire resource base of the United 
States, well favored by nature in the 
quantity, quality, and variety of mate¬ 
rials as well as the accessibility of those 
materials, has made the realization of 
the economic goals stated by Vozne- 
.sensky in 1941 possible for the Ameri¬ 
can people. The attempt to realize this 
goal in the U.S.S.R. has required not 
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only greater effort to obtain the neces¬ 
sary materials from a less-favored Rus¬ 
sian resource base but has resulted, as 
well, in diflFerent economic institutions 
to make this possible. One such insti¬ 
tution is the Soviet State Planning 
Commission, wliich spearheads what 
the Russians have described as the “war 
against nature on a far-flung front.” All 
activities devoted to an expansion of 
the Soviet economy—whether this in¬ 
volves the opening of new farmland, 
the building of new cities and hydro¬ 
electric installations, the establishment 
of shelter belts, or the number of can- 
openers and hairpins available to the 
Russian public—are affected by the op¬ 


eration of this government agency. It 
mobilizes and directs the nation's entire 
resources, physical as well as cultural, 
to the end that the limitations hinder¬ 
ing Soviet development into a great 
jiower will be overcome. The results of 
this drive in Russian life are already 
evident in the changes that have been 
made in the natural landscape to sup¬ 
port a balanced agricultural-industrial 
state. There is little doubt that greater 
changes are in the offing as the Soviet 
Union, dedicated to the idea that sci¬ 
ence gives creative powers, tries to nar¬ 
row the gap between its basis for natu¬ 
ral and international power and those 
that exist in Europe and America. 
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Man’s Relatioti to the Earth in Its Bearing 
on His Aesthetic, Ethical, and 
I^gal Values^ 

F. S. C. NORTHROP” 


Contemporary man is at once the cre¬ 
ator and the captive of a technological 
civilization. Its instruments have re¬ 
lated him to the earth in a new way. 
This new way has reflected back upon 
man himself, forming and altering his 
values. Of what do these modifications 
of the humanity of man consist? This, 
I take it, is our question. 

Put more concretely, the question is; 
What effect has man’s role in changing 
the face of the earth had on his aes- 
tlietic sensitivity and creativity, his 
ethical and legal standards for ordering 
his relations to his fellow-men, his emo- 
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live relation to nature itself and to its 
creation, and his moral standards for 
determining whether his tools are used 
for good or for bad ends? The last fac¬ 
tor suggests that the answer which the 
evidence and its analysis permit us to 
give to this question may well deter¬ 
mine whether man remains the master 
or becomes the slave and perhaps even 
the murdered victim of his tools. 

In selecting and analyzing the rele¬ 
vant evidence, what method are we to 
use? Clearly the method chosen will de¬ 
termine the character of the answer. It 
is important, therefore, that we allow 
the nature of the question to guide us 
to the relevant data for answering it. 
Our question implies two things: first, 
that man’s relation to nature is different 
in a technological civilization from 
what it is in a non-technological one; 
second, that his cultural values differ 
correspondingly. Our first task, there¬ 
fore, becomes that of finding the cri¬ 
terion which distinguishes a techno¬ 
logical from a non-technological civili¬ 
zation. Having done this, we can then 
turn to the respective values of each. 

THE DIFFERENCE BETWEEN A TECHNO¬ 
LOGICAL AND A NGN-TECHNO¬ 
LOGICAL CIVILIZATION 

Finding this difference is not easy. 
The difficulty becomes evident when 
one asks: Do not all men have tools, at 
least the tools of their natural hands 
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and of natural objects, and hence are 
not all civilizations technological civ¬ 
ilizations? An affirmative answer to this 
question would mean that the differ¬ 
ence confronting us is merely one of 
quantitative degree or complexity and 
not a difference in kind. Then the point 
at which one draws the line between a 
technological and a non-technological 
society would be purely arbitrary. But, 
if so, why did the passage from the one 
civilization to the other result in a 
change in men’s mentality and values? 
Why, when the instruments and legal 
norms of a technological civilization 
enter Africa and Southeast Asia, do the 
natives there feel that they are con¬ 
fronted with something baffling which 
they do not understand and which to 
them seems destructive of all values? 
These reactions could hardly occur if 
the difference between a non-techno¬ 
logical and a technological civilization 
were merely one of complexity. 

How is the suggested difference in 
kind to be found? Our question indi¬ 
cates the way. When it refers to a tech¬ 
nological civilization, it clearly means 
one in which mechanical, chemical, 
electrical, and the recently born com¬ 
munication engineering play a domi¬ 
nant role. From where does this type 
of toolmaking come? 

Its source clearly is in physical chem¬ 
istry and in physics. More specifically 
these engineering sciences derive from 
the mathematical acoustics of Democ¬ 
ritus, the mathematical-physical chem¬ 
istry of Willard Gibbs, the mathemati¬ 
cal mechanics of Newton, Einstein, and 
Schroedinger, and the mathematical 
electromagnetics of Maxwell, Lorentz, 
and Planck. 

These sciences are unique. Their 
basic elementary scientific objects and 
relations are not directly observable. 
Instead, they are axiomatically con¬ 
structed entities and relations whose ex¬ 
istence is verified only indirectly by 
way of experiments which confirm their 


deductive consequences. Professor Ein¬ 
stein tells us (1934) that this way of 
knowing nature arose with the ancient 
Greeks and adds that the person who 
has not been thrilled by Euclid does 
not understand contemporary mathe¬ 
matical physics. Ghiang Monlin, former 
vice-chancellor of Peking National Uni¬ 
versity, tells us also (1947) that the an¬ 
cient Greeks discovered a unique way 
of knowing nature and of relating man 
to nature. After being trained in the 
way of knowing man and nature of a 
Confucian, Chinese non-technological 
civilization, he came, as a young man, 
to the University of California at Berke¬ 
ley, where for the first time he was in¬ 
troduced to the abstract concepts of 
Greek philosophy and of Greek mathe¬ 
matical physics. He adds that he felt 
quite at home mentally in the Western, 
natural history, descriptive sciences of 
botany and zoology but that in Greek 
philosophy and in deductively formu¬ 
lated mathematical physics he found 
himself confronted with something 
completely foreign to his classical Chi¬ 
nese mind. Students of the history of 
mathematics (Cohen and Drabkin, 
1948) confirm also that, while many 
people previous to the ancient Greeks 
had discovered isolated propositions of 
Euclid, such as the Pythagorean theo¬ 
rem, it was the Greeks who first grasped 
the idea of proving these otherwise iso¬ 
lated findings by deducing them rigor¬ 
ously from a very small number of axi¬ 
omatically constructed entities and re¬ 
lations and then using this way of 
thinking and knowing to understand 
man and nature empirically. 

Here we come upon the difference in 
kind which distinguishes a technologi¬ 
cal civilization from a non-technological 
one. The nature to which a non-tech¬ 
nological civilization relates man is 
completely exhausted by immediately 
apprehended, or by purely inductively 
sensed, entities and relations. Its scien¬ 
tific objects are defined in terms of di- 
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rectly sensed properties. As noted 
above by Chiang Monlin, such science 
exists in non-technological societies. It 
is the science of the purely descriptive, 
natural history type. Natural history bi- 
ology, with its specit's and genera, is an 
(warnple. Aristotle’s physics, in which 
the terrestrial scientific object “water’’ 
was defined in terms of the sensed 
qualities “wet” and “cold,” is another 
example. Early atomic theories of the 
Charvakian materialists and the Vai- 
seshika dualists of India are similar ex¬ 
amples. The Chinese natural history 
paintings of birds and bamboo are an¬ 
other instance (Sowerby, 1940). Such 
science is strong descriptively but weak 
predictively. It is also weak in the tools 
which it generates. This occurs because, 
deri\ang its tools from sensed objects 
and materials, it obtains only such tools 
as come from modifying and manipu¬ 
lating such objects and materials 
(Singer ct al., 1^54, chaps, v, vi, xx- 

XXV ). 

The science of a technological civili¬ 
zation takes this natural history type of 
knowledge merely as its data. It does 
not suppose that adequate knowledge 
of man or of nature has been obtained 
until the gross sensed objects and their 
described relations can be deduced 
from a very small number of unobserv¬ 
able, more elementary, axiomatically 
constructed objects and relations such 
as electrons, electromagnetic waves, and 
their mathematical law^s. From the ax¬ 
iomatically constructed postulates of 
the deductively formulated theory, 
which designates such elementaty par¬ 
ticles and their relations, theorems can 
be logically deduced. These theoreti¬ 
cally deduced theorems specify the 
possibility of new tools—tools quite dif¬ 
ferent from anything one would come 
upon merely by moving sensed mate¬ 
rials about. 

The atomic bomb is an example. It 
was not discovered by engineers mov- 
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ing sensed materials about, after the 
manner in which the tools of a non- 
technological civilization arise. If we 
had depended for it upon engineers 
alone w^orking inductivedy and prag¬ 
matically, it would never have come 
into being. The idea of the possibility 
of releasing atomic energy came not 
from an engineer, or even from an ex¬ 
perimental physicist, but from a very 
theoretical one—Albert Einstein—and 
the mass-energy equation of his special 
theory of relativity. This equation is 
not a relation which can be sensed. In¬ 
stead, it is a theorem deduced from the 
very abstract and shockingly novel, ax¬ 
iomatically constructed postulates of 
Einstein’s indirectly, and experimen¬ 
tally, verified special theory of relativ¬ 
ity. The latter theory was discovered 
or introduced not in order to make a 
new tool but in order to clear up a the¬ 
oretical difficulty in the foundations of 
modem mechanics and electromagnet¬ 
ics which was revealed by the Michel- 
son-Morely experiment in 1885. 

It is in this difference between tools 
made out of scientific objects of the 
purely inductively manipulated, imme¬ 
diately sensed type and tools derived 
from scientific objects and relations of 
the axiomatically constructed and de¬ 
ductively formulated type that the dif¬ 
ference in kind between a non-techno¬ 
logical and a technological civilization 
consists. Furthermore, it is in the dif¬ 
ference in meanings and materials and 
their forms provided by immediately 
apprehended and immediately sensed 
man and nature as compared with the 
meanings, materials, and forms pro¬ 
vided by axiomatically constructed, de¬ 
ductively conceived man and nature, 
with its more elementary and universal 
scientific objects and relations, that the 
difference in kind between the aes¬ 
thetic, ethical, and legal values of a 
non-technological civilization and those 
of a technological one has its basis. 
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CULTURAL VALUES OF A NON-TECHNO- 
LOGICAL CIVILIZATION 

We must put ourselves within the 
way of knowing one’s self and nature 
from which the cultural values of a 
non-technological civilization derive. 
To this end, let us suppose that we 
know nothing about mathematical 
physics and its contemporary, unimag¬ 
inable and unsensed, axiomatically con¬ 
structed, scientific objects and equa¬ 
tions. Let us try to imagine also that 
we have no concepts of the regular 
solids of Euclid’s geometry or of New¬ 
tonian linear, infinitely extended time, 
or even of matter itself. Let us try, in 
other words, to approach nature and 
ourselves afresh, in a radically empiri¬ 
cal and purely inductive manncir. What 
do we immediately apprehend? 

Must we not describe nature some¬ 
what as follows: It is a vast, sprcad-oiit, 
going-on-ness, vague and indeterminate 
at its outer fringes, ablaze with diverse 
colors, and issuing forth manifold 
sounds, fragrances, and flavors. This ini¬ 
tial evidence of sounds, vivid colors, 
flavors, and fragrances is of consider¬ 
able relevance to our major question. 
Such entities are essentially aesthetic, 
at bottom indescribable and hence in¬ 
effable, the stuff of which art is made, 
especially impressionistic art in which 
the proportions of Euclid’s geometry 
and the perspectives of geomt'trical op¬ 
tics are not present. We would expect, 
therefore, that so-called ‘‘primitive 
man,” or man in a non-technological 
society, would have considerable aes¬ 
thetic sensitivity and that his paintings 
would not embody the techniques of 
perspective and of three-dimensional 
geometrical proportions of classical 
Western sculpture and painting. The 
anthropologists who have studied him 
(Thompson, 1945; Mead, 1940) and 
the artists who have examined his 
paintings or music (Adam, 1940; Bar¬ 
rett and Kenyon, 1947; MePhee, 1946) 


tell us that in these judgments we are 
correct. 

We have described our initial all- 
embracing experience as one from 
which sounds issue forth. Would it not 
be likely that we would be impressed 
more by the sounds issuing forth to us 
than from those issuing forth from us? 
lliis would be especially true if these 
sounds were those of the rolling thun¬ 
der of the Himalayas. Then we might 
well speak, as do the early authors of 
the Hindu Vcdic hymns, of the Maruts 
sliouting their noisy terror at us from 
the sky (Muller, 1891, p. 81). 

Furthermore, since we would experi¬ 
ence the? particular instance first and 
come only long afterward to the class 
of all similar particular instances, 
would it not l^e scientifically correct for 
us to describe the particular instance 
with a proper name? Non-proper names 
are appropriate only for abstract classes 
of particular things, when the particu¬ 
larity of each is neglected and their 
similarity only is seized upon. But this 
means that early man was not unscien¬ 
tific and guilty of a spurious anthropo- 
morpliism, as many of his observers 
have supposed, when he described par¬ 
ticular events with proper names. Prop¬ 
er names are the only accurate scientific 
names for describing individual events 
or things. 

Actually, however, in our initial ex¬ 
perience and description we have not 
yet arrived at the concept of a thing, 
least of all at the concept of a persist¬ 
ing, substantial thing. We sense the ter¬ 
rifying shout of the thunder. It does 
not, however, last. Thus, although it is 
a particular which is appropriately de¬ 
scribed with a proper name, it is a per¬ 
ishing particular, succeeded by differ¬ 
ent perishing aesthetic qualities or par¬ 
ticulars. From this sensed sequence of 
perishing aesthetic particulars, we ar¬ 
rive at our first concept of time. This is 
sensed time. Each particular sensed 
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sound, fragrance, or flavor comes into 
being and goes out of being to be re¬ 
placed by its successor. 

This sensed succession of perpetually 
created, perpetually perishing particu¬ 
lars is quite different from the mathe¬ 
matical time of Newton or Einstein’s 
physics, with which the people in a 
technological civilization order their 
daily lives. The latter, theoretically con¬ 
structed time, is an infinitely extending 
series which does not return upon it¬ 
self. The sensed time given in a se¬ 
quence of perpetually perishing sensed 
particulars does return on itself as the 
following sensed facts make clear. 
There is the sensed brightness which 
comes into being at dawn, reaches its 
highest intensity at high noon, and per¬ 
ishes at dusk. It is succeeded by the 
sensed darkness which begins with a 
minimum degree of intensity, reaches 
its maximum intensity at midnight, and 
pc'rishes at dawn. This cycle has con¬ 
tinued as long as men have sensed na¬ 
ture. Within the sensed darkness there 
aj^pears another cyclical sequence of 
perishing images. This cycle is com¬ 
posed of the two-dimensional, yellow¬ 
ish crescemt called the new moon. It 
perishes and in a succeeding creation 
of darkness is succeeded by the two- 
dimensional, yellowish image called the 
quarter-moon, which in turn, in a later 
sensed particular darkness, is succeeded 
by the half-moon, and so on through 
the full moon and receding quarter- 
moon until the new crescent appears. 
Thus it is that the monthly cycle of per¬ 
ishing particulars is known (Singer et 
ah, 1954, p. 114). 

These cycles can be counted just as 
the cycles of day and night can be 
counted. In this manner an aesthetic 
and qualitative astronomy becomes 
quantitative, and the inductive concept 
of number arises. This inductive con¬ 
cept of number is, however, sensed 
number. It is not the axiomatically con¬ 
structed concept of number of the 


C^reek and of modern technological so¬ 
ciety. 

Similarly, the sequence of brightness 
in the cycle of days and nights is also 
differentiated with localized two-dimen¬ 
sional images. The most important of 
these is the two-dimensional, localized 
image called the sun. It appears first at 
dawm as a very thin, two-dimensional 
segment. This perishes and is suc¬ 
ceeded by a thin portion of a bright, 
yellow patch which is circular on one 
side and rectilinear on the other. This 
erishes and is succeeded immediately 
y a larger circle, then a still larger cir¬ 
cle, and finally a fully rounded, two- 
dimensional, intensely bright, yellowish 
patch. Concomitantly, the differentia¬ 
tion between earth and sky becomes 
evident. The intense, round, yellowish 
patch called the sun vanishes at one 
point in the sky and appears at a higher 
point. This goes on until high noon, 
when the cycle is reversed. In the next 
brightness of the following morning the 
sequence of images called the sun ap¬ 
pears at a different point on the hori¬ 
zon. This point varies in successive di¬ 
urnal and monthly cycles. Similarly, it 
also comes back on itself. This sensed 
cycle is called the year. This cycle also 
can be counted, and the number can be 
related to the sensed number of month¬ 
ly cycles and the sensed number of 
daily cycles. 

Within the daily, monthly, and year¬ 
ly succession of brightnesses, there are 
other sensed colors than those of the 
sun. There are the vivid greens of the 
initial growth of sensed plants, the 
golden yellows of their mature growth, 
the reddish browns of their decline, and 
the dull blacks and grays of their death, 
succeeded again by the vivid greens of 
the following spring. 

All these directly sensed cyclical 
changes man feels within himself. He 
notes his introspected moods changing 
with these colorful cyclical sequences 
of the seasons. He notes also, for him- 
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self as for other animals and plants, that 
there is birth, youth, maturity, the fall 
of life, and its winter, or death, suc¬ 
ceeded again by a new birth. And so, 
through the generations of the sensed 
biological family, the human cycle goes 
on as part and parcel of the intercon¬ 
nected, numerically countable cycles of 
nature. 

Knowing himself and everything else 
thus in terms of emotively felt and im¬ 
mediately sensed aesthetic qualities, it 
never occurs to non-technological man 
to separate the aesthetic and emotive 
beauty of everything from the things 
themselves, after the manner of a tech¬ 
nological civilization. Nor does it ever 
occur to him to think of himself as out¬ 
side of nature or as an exploiter of na¬ 
ture. The earth is “Mother Earth." Are 
not her materials and the forests and 
other plants and animals which arise 
out of her, like himself, fellow-members 
of an interconnected set of cycles? Tak¬ 
ing this for granted, the concept of the 
good, common to Confucian, Buddhist, 
Hindu, Indonesian, and all other non- 
technological societies, arises—the con¬ 
cept of the good for man as immersion 
within, aesthetic sensitivity to, and har¬ 
mony with nature. 

Each immediately sensed thing has 
one other characteristic. It is a tempo¬ 
rarily created and perishing particular. 
It comes into being only by its prede¬ 
cessor’s dying. It dies that its successor 
can come into being. When at dusk the 
brightness which is day dies, the dark¬ 
ness which is night is born. When at 
dawn the darkness of night dies, the 
brightness of day is born. So it is with 
every sensed thing that is determinate 
and finite. Determinate, finite human 
beings are no exception to this rule. The 
doctrine of transmigration is nothing 
but the thesis that the cycle of sensed 
perishing particulars goes on for man as 
for other things. This doctrine does not 
mean that man persists as an eternal, 
deteiminate substance. Restricting one’s 


knowledge thus to immediacy, one does 
not come upon the concept of sub¬ 
stance. All that one finds is a succession 
of perishing particulars which return 
upon themselves cyclically. 

The sensed fact that nothing comes 
into being without the death of its 
predecessor and that nothing goes out 
of being without its successor coming 
into being, the early native Indonesians 
expressed as the principle of the cos¬ 
mic equilibrium. This principle aflSrms 
that nothing is ever received except as 
something else is taken away. To vio¬ 
late this principle is to be immoral in a 
non-technological civilization. This is 
why the early Indonesians and their 
present descendants do not feel that 
they can cut down a virgin forest to 
gain land for cultivation unless they 
express sympathy, through a ceremony, 
for the death of what they destroy and 
accept the trust of creating faithfully 
that which is new to replace the old. 
To exploit nature, taking from it while 
giving nothing back in return, is to act 
immorally. Similarly, when the young 
Indonesian takes a bride, he or his fam¬ 
ily must make a gift of a very consider¬ 
able amount in return. The Dutch in¬ 
terpreted this as the purchase of a 
bride and outlawed it as slavery, there¬ 
by showing that they were looking at 
the values and social norms of a non- 
technological society from the concep¬ 
tual standpoint and mentality of a 
technological one. The so-called “pay¬ 
ment" of the groom for the bride is, 
from the standpoint of the native Indo¬ 
nesian, a moral requirement. Failure to 
give something in return for what is 
taken would be to violate the cosmic 
balance; it would be to act immorally. 

This conception of man as immersed 
in the cyclical sequence of nature 
shows in the aesthetic values of a non- 
technological society. Instead of start¬ 
ing with the musical theme and coun¬ 
tertheme, which move linearly toward 
their resolution in a climax, after the 



1058 


practice of Western music, tlic tonal 
serjweT’icos in tlio mu sit* ot a nou-tcclv 
no]o£^ical society are cvclical in charac- 

ftT. There are inelodv and rhythm hut 
no harmony and counterpoint Also, the 
music is not recorded or controlled by 
meticulous, nmthcmatically ordered 
scales. Instead, it is mastered and di¬ 
rected whoIJy by ear and transmitted 
from generation to generation in this 
way. IIk’ standard with respect to 
which tlie notes of the melody arc 
measured and ordered is also different. 
This standard in Hindu music is called 
the “drone” (Ranade, 1951; Tagore, 
1879). The drone is a continuous back¬ 
ground. It is agiiinst this constant back¬ 
ground that the differentiatc’d sounds 
of the mc'lodv rise* and fall and succeed 
one another in time cyclically. 

The droiK' also symbolizes sometliing 
immediately experienced. We described 
our initial experience of nature as “a 
vast, spread-out, going-on-ness, . . . 
ablaze* with diverse colors, and issuing 
forth manifold sounds, fragrances, and 
flavors.” The drone expresses both the 
dynamism of the going-on-ness and the 
relatively undifferentiated character of 
th(' vast spread-out-ness. It symbolizes, 
therefore, the infinite timelessness out 
of which each sensed particular thing, 
including sen.sed particular man him¬ 
self, arises and to which it returns at 
death. 

Early in this century William James 
attempted (1923, 1928) to bring scien¬ 
tific and philosophic discourse back to 
radically empirical immediacy. In do¬ 
ing this, he noted that it is onlv-the 
portion which is at the focus of atten¬ 
tion that is sharply differentiated into 
the determina(<‘ colors, sounds, fra¬ 
grances, flavors, and feelings; the pe¬ 
riphery of immediacy is vague, formhxss, 
undiflFerentiated, and indeterminate, 
one portion of it being no different 
from another. James suggested also 
that it is from this undifferentiated, in¬ 
determinate periphery that religious 


f/,r Face of the Earth 

experience arises. This periphery , 
both the subject of conscicmsncss auf\ 
its object. But, being indeterminate 
and undifferentiated, there is nothing 
in it to distinguish .subject from object. 
Thus it is both subject and object and 
neither suhji'ct nor object. These are 
the defining properties of what the 
Hindus call the “divine” or “true self,” 
“Brahma” or “Atman,” and the Bud- 
dhi.sts call “nirvana.” It is also the fac¬ 
tor in immediate experience with which 
the divine is identific'd in all non-tech- 
nologieal societies. At this point the 
radical empiricism of William James 
and the radical empiricism of a non- 
tc'chnological socie ty Ix'come identical. 

This all-cmbraciug, indeterminate 
consciousness within which the sensed 
differentiations come and go in cyclical 
secjucnce is called by Hindus the “chit 
conscionsiiess” to distinguish it from the 
differentiated, sensuous consciousness 
(Northrop, 1916; Woodroffe, 1929, 
chap. xiv). Both types of consciousness 
give immediately apprehended objects. 
One does not, liowever, sense the un- 
differentia texl or ehit consciousness, 
since sensing always involves a distinc¬ 
tion between the sensing percipient and 
the semse’d objee t. One can se'use* only 
differentiated qualities within the chit 
consciousness; one cannot sense the 
ehit consciousness itself. In the case of 
the chit consciousness, to apprehend it 
is to be it; htmee, being undifferen¬ 
tiated, thexe is no distinction between 
subject and object in the knowing of it. 

The Hindus and Buddhists of a non- 
technological society call the cyclical 
seijuence of perpetually born and per¬ 
petually perishing particulars the “law 
of karma.” This is the concept of causal¬ 
ity in a non-technological society. The 
transmigration of sensed souls is a spe¬ 
cial case of it. Salvation comes for man, 
however, only by escaping the karma 
cycle. This occurs when man realizes 
that he is the timeless chit conscious¬ 
ness within which the perishing partic- 
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iilurs of the karma cycle come and go. 
To legalize this is to be able' to accept 
with equanimity the death of one/s 
sensed self in the karma cycle. 

The drone of Hindu music is the 
ininimally differentiated expression of 
the all-embracing, infinite formlessness 
and dynamism which the Hindu terms 
“Brahma” or “Atman.” The measure of 
the differentiated sounds, in their cycli¬ 
cal temporal successions, against the 
continuous drone expresses the tension 
between the temporal and the eternal, 
the finite and the infinite, in man and 
in things for people in a non-techno- 
logical civilization. 

Its legal norms are of two types. One 
type derives from the all-embracing 
formlessness of things within which the 
conflicting, differentiated, sensed crea¬ 
tures come and go. Since all sensed ob¬ 
jects are relative to pcaceivers, only the 
all-ernbraeing formlessness is common 
to all men. lienee only it can provide 
an absolute norm for a common law. In 
a concrete, sensed dispute each partici¬ 
pant’s experience of that dispute is rela¬ 
tive to him. Ethical and legal codes, 
therefore, which are defined in terms 
of sensed objects cannot give a common 
law, since sensed objects are one thing 
for one percciver and another thing for 
another. How then is anything common 
going to be found for settling social dis¬ 
putes in a non-tcchnological society? 

The basic answer is that it can be 
found in the sole factor in immediate 
experience which is common to dis¬ 
putants—namely, in the all-embracing, 
immediately felt formlessness within 
which the relativistic objects of each 
particular disputant's experience come 
and go. This formlessness, precisely 
because it is a formlessness, cannot be 
expressed in codes. It has to be imme¬ 
diately experienced to be known. It is 
to be found, moreover, pragmatically, 
as the Buddha teaches, in the “middle 
way” between the conflicting claims 
arising from the relativistic sensed ex- 


j)ericnc(^s of the disputants (Warren, 
1906). Mediation is the method of find¬ 
ing tliis middle way (Northrop, 1952). 
Consequently, as Confucius empha¬ 
sizes, the moral man does not indulge 
in litigation. He does not settle disputes 
by resort to codes. Also, no dispute is 
settled until both parties, working 
through a mediator, are satisfied (Liu, 
1947). Expressed in musical terms, the 
moral man looks to the drone rather 
than to any determinate ordering of the 
iiK'lody for the solution of his intraper¬ 
sonal legal and social problems. 

Idle re ar(', however, certain sensed 
objects and relationships which seem, 
to most people in a non-technological 
society, to exist, the same for all per- 
c'civers. At this point their epistemology 
shifts from radical empiricism to naive 
ix'alism. These rt?alistic, sensed objects 
and relationships are the biological ob¬ 
jects and their heredity of a natural his¬ 
tory, descriptive biology. One basic 
rule governs their sequence through 
time. No cliild exists without parents. 
From this scientific law of sensed bio¬ 
logical human life, th(^re arises the 
basic, determinate, ethical rule and 
k'gal norm of a non-technological soci- 
c'ty—the tie of the family and the prior¬ 
ity of the family to the individual. In 
Confucianism this is called “filial piety.” 
Objectively, it apj^ears as the patri¬ 
archal or matriarchal joint family 
(Hsien Chin Hu, 1948). From this nat¬ 
ural history, biological science of man, 
there arises tlie social ethics and codi¬ 
fied law of what Sir Henry S. Maine 
(1908, p. .151) called the “law of status.” 

In such a society men are not equal 
before the law. Daughters do not in¬ 
herit equally with sons, nor do the 
younger sons inherit equally with the 
eldest son. Nor are people of a different 
family or a different heredity stock, or 
tribe, treated with the same moral rules 
that one uses for the members of one's 
own family or of ones own tribe. 

Having based one's social ethics and 
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Jaw ill tliis manner on the sensed ob¬ 
jects of natural liistory biology, the 

sensed color ol the skin of people be¬ 
comes important ethically. Consequent¬ 
ly, the idea that a good society has 
nothing to do with differences in color 
of skin is foreign to the ethics of a non- 
technological society. In classical Hin¬ 
duism, for example, the word for caste 
is the word for color. Furthermore, in 
the Hindu Laws of Manu the penalty 
for the same crime differs, if the offend¬ 
er is of one caste, from what it would 
be if he belonged to a different caste 
(Muller, 1886). The classical Chinese 
called all other people “barbarians.” 
The ancient Hebrews, Greeks, and Ro¬ 
mans, in the ethics of their patriarchal 
law of status, judged similarly. 

Since the family has a head, so the 
groups of families in the tribe and the 
nation tend to have a head. Hence, the 
political ethics of a non-technological 
society is hierarchical and monarchical. 
The codes of a law of status express 
these familial, tribal, hierarchical, and 
regal relationships in common-sense 
terms. 

It is to be remembered, however, 
that in non-technological societies the 
ethics of the law of status is combined 
with the ethics of the law of mediation. 
Moreover, the former is usually regard¬ 
ed as a second best, to be followed only 
in the middle stage of life when the 
family is being bred and nurtured. Be¬ 
fore this ‘householder stage,” as the 
Hindus call it (Muller, 1886, pp. 75- 
128), and afterward, the ethics of medi¬ 
ation, of the musical drone, and of .the 
all-embracing formlessness take over. 

Considered by itself, apart from the 
ethics of the law of status, the ethics 
of mediation is democratic rather than 
hierarchical and regal. This is the case 
because the chit-nirvana consciousness, 
being undifferentiated, is the same in 
all men. Actually, however, even in the 
Buddhist society of Burma or Thailand, 
in which there is no hierarchical or¬ 


dering of the patriarchal families ac¬ 
cording to caste, there is nevertheless a 
king. This is achieved in Buddhist 
Burma and Thailand by combining the 
raj, the law of status codes, and the 
literary epics of Hinduism with Bud¬ 
dhism (Prince Dhani, 1947; Le May, 
1938; langat, 1950; Muller, 1886). It is 
this combination of the hierarchical 
ethics of the family of a naively realis¬ 
tic, natural history, biological science 
and the ethics of equality and media¬ 
tion of a radically empirical science 
that gives a non-technological civiliza¬ 
tion its codified law of status, expressed 
in common-sense terms, with its legal 
and hierarchical social values combined 
with a basic theory of the ultimate or 
true self which is egalitarian and demo¬ 
cratic (Banerjea, 1954; Osgood, 1951). 

CUmURAL VALUES OF A TECH- 
NOT,OGTCAL CIVILIZATION 

We have already come upon these 
values by way of contrast in connection 
with the values of a non-technological 
society. We noted also (pp. 1052-54) 
that the differentiating character of a 
technological society is that, in it, man 
knows himself and nature in terms of 
the unsensed, indirectly verified, axio- 
matically constructed entities and rela¬ 
tions of mathematical physics. This 
frees scientific objects and their rela¬ 
tions from sensed properties, thereby 
giving determinate public meanings the 
same for all men. It also frees ethical 
and legal norms from the necessity of 
being expressed in terms of the sensed 
qualities. This frees moral and legal 
man from a definition of his ethical 
values in terms of the color of his skin 
and the biological stock of his family 
or his tribe. Forthwith, the law of 
status is replaced by the law of con¬ 
tract. Thereby, meaning is given for 
the thesis that moral, legal, and polit¬ 
ical man is not family or tribal man 
but universal man. 

This ethics of the law of contract 
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generates a completely new ethics of 
inheritance in which inheritance rights 
are equal for all ofEspring regardless of 
sex or differences in age. It gives rise 
also to a new philosophy of education 
—that of equal opportunity for all. It 
also generates a completely new con¬ 
cept of the basis of political and moral 
obligation. 

In the social ethics of a law of status 
of a non-technological society, the 
sanction for the legal codes is in the fact 
of one’s birth within the family and in 
the status relationship of one’s family 
within the tribe or the nation. The au¬ 
thority for such a law and the obliga¬ 
tions to abide by it have nothing to do 
with the consent of those who were 
born into it. As Sir Robert Filmer 
pointed out in his Patriarcha (Laslett, 
1949), the younger sons have never 
given their consent to the inheritance 
of the family manor house and the en¬ 
tire family estate by the eldest son; nor 
have the patriarchical families lower in 
the social hierarchy ever given their 
consent to the privileged social posi¬ 
tions and governmental powers enjoyed 
by the patriarchal families near the top 
of the hierarchy and the royal families 
at the top. 

In the ethics of a law of contract of a 
technological society, consent, how¬ 
ever, is of the essence. Such a law, be¬ 
ing axiomatically constructed and 
hence hypothetical, has no validity, ob¬ 
viously, unless those to whom it is ap¬ 
plied give their consent. This is pre¬ 
cisely why it is called the law of con¬ 
tract. In a contract, nothing is binding 
unless the parties to the contract have 
consented to accept it. Furthermore, 
with respect to consent, and hence with 
respect to the obligation to obey any 
law of contract, all men are bom free 
and equal. It is in this legal and con¬ 
tractual sense of the authority of a law 
resting upon consent, and not in the 
biological sense, that the Declaration 
of Independence speaks the truth when 


it asserts that “all men are created 
equal.” The frequent attempts, there¬ 
fore, to discredit the Declaration of 
Independence by pointing to the bio¬ 
logical, psychological, and economic in¬ 
equalities of men at the time of their 
birth is quite beside the point. Such 
criticism confuses the epistemological 
and natural history scientific basis of 
the ethics of the law of status of a non- 
technological society with the different 
epistemological and scientific basis of 
the ethics of the law of contract of a 
technological civilization. 

The epistemology of the axiomatical¬ 
ly constructed, scientific knowledge of 
a technological society has one other 
cultural consequence. Being deductive¬ 
ly formulated, it defines inductively 
sensed, different classes of things in 
terms of a single class of common, ele¬ 
mentary, scientific objects. This is but 
another way of saying that it replaces 
ethical groups of men, defined in terms 
of differences in color of skin or of 
familial and tribal heredity, with the 
universal moral man of the law of con¬ 
tract. 

The very prevalent notion, therefore, 
that technological society has destroyed 
human values is quite erroneous. 
Through the law of contract, which en¬ 
tails the definition of moral authority in 
terms of consent rather than in terms 
of family or tribal status, it generates 
the ethics and politics of democracy. 
Furthermore, not merely its technolog¬ 
ical instruments and their capacity to 
lift the standard of living of the masses 
but also its democratic ethics of its law 
of contract have captured the imagi¬ 
nations and the loyalty of the masses 
of men even in non-technological soci¬ 
eties. This is why they are demanding 
today that they be treated equally be¬ 
fore the law in education and politics re¬ 
gardless of their color of sl^. When 
they demand this, they are rejecting the 
familial, hierarchical, and regal ethics 
of their own traditional law of status. 
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An equally significant shift occurs in 
aesthetic values with the transition 
froin u non-tec‘linc)lo<J!;ic'a\ to a toclinO- 
Jo^ical society. "ITie starulard for rnc^as- 

urimr the sequence of musical sounds 
in the music of a non-technological so¬ 
ciety has been noted to be the drone. 
The music of a technological society 
drops the drone as its standard. In its 
place it puts tlie ratios of the deduc¬ 
tively formulated, mathematical acous¬ 
tics of the Grec'k Pythagoreans and 
Democritus. But these relations for or¬ 
dering the sounds of the melody arc 
not sensed. They are intellectually 
grasped, axiomatically constructed rela¬ 
tions. Furlliermore, mathematical plivs- 
ics works with an infinitely (wtending, 
linear theory of time instead of with 
the sensed cyclical theory of time. This 
automatically frees the music of a 
technological society, not merely from 
the drone, but also from a cyclical, tem¬ 
poral ordering of the melody. 

But if this melodic ordering is to be 
an order rather than a chaos, some rela¬ 
tion must govern it. The ratios and uni¬ 
form, axiomatically constructed, flow 
of time defines this ordering. With such 
intellectual ordering, harmony and 
counterpoint as well as melody can 
enter in. For all this, however, there 
must be a precise, musical scale. Other¬ 
wise, again, there would be no stand¬ 
ard, and the simultaneous ordering of 
sounds in harmony and counterpoint 
would become chaotic, as would also 
the uniform, temporal ordering of 
sound in melody. Such a music no 
longer describes cyclical sequences of 
perishing particulars against the ten¬ 
sion created by the all-embracing, dy¬ 
namic foimlcssness of the drone. In¬ 
stead, the sensuous materials are sub¬ 
jected to a mathematically formal and 
intellectually prescribed logos of pro¬ 
portion and perfection. Thus it is that 
there arises in a technological society 
a new concept of the Ix^autiful. 

This more formal intellectual concept 


of the beautiful appeared first in th 
music of ancient Greece. It actualized 
new formal potentialities of itself with 
Palestrina and came to some of its 
richest formal fulGlments in Bach and 
in Beethoven. 

The parallel transformation of aes- 
thetic values appears in painting. For 
all its virtues, the painting of a non- 
It'chnological society, when seen from 
the standpoint of classical Western art, 
is flat. Once, however, the artist grasps 
the intellectual, three-dimensional, 
mathematical inoportions of the^ axio¬ 
matically constructed Greek geometry 
of solids, the flat type of painting starts 
moving into the round. Thence arises 
Greek sculpture, with a bc'autiful sense 
of geometrical proportion, but with its 
lack of emotive', dynamic beauty, when 
vievv’ed from the standpoint of the art 
of the oriental, all-embracing, ineffable, 
infinite fonnh'ssness. With the coming 
of axiomatically constructed geometri¬ 
cal optics, thf* logos of the perspective 
combines with the logos of the regular 
solids to g('nerate the painting of the 
giants of tlu' Renaissance—Leonardo, 
Rapliael, and Michelangelo. This, 
again, is an intellectually guided aes¬ 
thetic of the beautiful. 

It is interesting to note that, when 
with Berkeley and Hume modern think¬ 
ing returnc'd to the epistemology of 
radical empiricism of a non-technolog- 
ical society, concomitantly, impression¬ 
istic painting arises in which blurred, 
vivid, sensuous differentiations become 
the subject matter of the painter, and 
the axiomatically guided, mathematical 
laws of perspective and of solid geom¬ 
etry drop out of his technique. The 
music of Debussv is a corresponding 
development in the aesthetics of mod¬ 
ern Western music. 

It is to be remembered, however, 
that for a period of over a thousand 
years, following the decline of the 
mathematical physics of Pythagoras, 
Democritus, Eudoxus, and Plato, Aris- 
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totle’s physics doniinat(*d the Islamic 
and the Western world. This physics 
is partially a mathematical physicist’s 
physics, since Aristotle had an axio- 
matically constructed geometry and 
astronomy. In his physics of terrestrial 
objects, however, he reverted to the 
epistemology of naive realism, defining 
the physical and chemical elements in 
terms of their sensed qualities. Water, 
as previously noted, was defined as 
anything which one senses as wet and 
cold. This gave Aristotle’s ethics and 
politics a law-of-contract form with a 
law-of-status terrestrial content. 

The consequence was that the law 
of contract, as initially formulated by 
the Stoic Romans and acccptcid down 
to modern times, was in considerable 
part filled in with law-of-statiis content. 
This law-of-status content of a law of 
contract still dominates Roman Catho¬ 
lic and Episcopal thinking as formu¬ 
lated in Aristotelian epistemological 
and metaphysical terms by St. Thomas 
and by Thomas Hooker. This type of 
law of contract with law-of-status con¬ 
tent went into the South through the 
First Families of Virginia, as Laslett 
has recently demonstrated (1949, pp. 
1-43). 

It was not, therefore, until Galileo 
and Newton returned Western physical 
science to an axiomatically constructed 
physics of terrestrial as well as astro¬ 
nomical objects that it was possible for 
Western man to have, for the first time, 
a law-of-contract ethics with a law-of- 
contract content. This happened when 
Jefferson, in writing the Declaration 
of Independence and insisting upon the 
Bill of Rights of the American Consti¬ 
tution, followed Locke’s theory of nat¬ 
ural law and the physics of Newton 
rather than Hooker, St. Thomas, and 
Aristotle. 

Immediately, a technological society 
burst forth with new vigor and new 
moral content. Also, the patriarchal, 
hierarchical, and regal values of a non- 


technological society were replaced in 
the content of the law of contract by 
the egalitarian and democratic values 
of a purely technological socit'ty. I^ocki' 
and Newton had replaced Hooker, St. 
Thomas, and Aristotle in the specifica¬ 
tion of the content of the ethics of a 
law of contract. This is what Jefferson 
meant when he wrote that Bacon, 
Locke, and Newton were his gods and 
affirmed that the United States was 
ert'ating a political society which is 
unique in the history of the world 
(Dewey, 1940, pp. 61-62; Koch and 
Peden, 1944, p. 609). 

The axiomatically constructed terres¬ 
trial and celestial physics of Galileo 
and Newton has been replaced, how¬ 
ever, by that of Einstein, Planck, 
Schroedinger, and Dirac. The former 
physics, while axiomatically con- 
sti'ucted, was one, like that of the 
Greeks, which could be imaginatively 
envisaged in terms of geometrical 
models. Tins is not true of the theory 
of relativity or of quantum mechanics. 
Nature as known through contempo¬ 
rary, axiomatically constructed, indi¬ 
rectly verified, deductively formulated 
theory not only cannot be sensed; it 
cannot even be imagined. The aesthetic 
implications of this characteristic of our 
contemporary technological society are 
already upon us. Both art and architec¬ 
ture have been released not merely 
from geometrical optics and its laws ol 
perspectives but also from the geo¬ 
metrical models of Euclid’s regular 
solids. The result in the realms of aes¬ 
thetics is abstractionism and function¬ 
alism in both painting and architecture. 
Houses and business buildings need no 
longer be rigidly rectangular. The 
roofs of public buildings do not have' 
to be spherical domes modeled on the 
circles and spheres of Euclid. Music 
can break loose from the restriction of 
ratios. Giedion, Frank Lloyd Wright, 
and Le Gorbusier; Orozco, Picasso, and 
Kandinski are already here (Giedion, 
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1954), With them also have come the 
tools and the unprecedented high 
standard of living of a technological 
society. By means of the deeper under¬ 
standing of nature and the more power¬ 
ful instruments which axiomatically 
constructed knowledge gives man, the 
work of the world and even its most 
difficult mental calculations are being 
lifted from the shoulders and the brains 
of men. Thus to moral, legal, and polit¬ 
ical equality is being added the possi¬ 
bility of economic equality. 

But with these aesthetic, ethical, le¬ 
gal, economic, and even religious 
values of a technological society, rooted 
as they are in the logos of an axiomati¬ 
cally constructed, intellectually known 
relatedness, there has also come a price 
and a problem. The basing of human 
relations on the hypothetically con¬ 
structed constitutions of the law of 
contract has opened up the possibility 
of more than one constitution and the 
actuality of incompatible constitutions. 
In this, as well as in the conflict be¬ 
tween the values of technological and 
non-technological societies, the ideo¬ 
logical problems and conflicts of the 
contemporary world find their origin 
and their basis. It is of the essence of a 
contractually constructed constitution 
that it defines a social and ethical 
utopia. Utopias tend to turn themselves 
into crusades. When these crusades of 
a technological society become armed 
with its instrument, the atomic bomb, 
the possibilities are appalling. This is 
why the members of technological soci¬ 
eties are filled today with both high 
hopes and deep fears. To understand 
tlie source of these fears is to discover 
the way to construct an international 
law which will give mankind the values 
of a technological society without its 
dangers (Northrop, 1952, 1954). 

There is a second price which one 
pays for a technological civilization. Its 
traditional fault arises from the ten¬ 
dency to take the emotively moving. 


immediately sensed, radically empirical 
man and world, ablaze with aesthetic 
fragrances, colors, and sounds as a bare 
starting point, to be dismissed as mere 
appearance when the axiomatically 
constructed, scientific objects and their 
relations are obtained and the ethics 
of its democratic law of contract is con¬ 
stitutionally formulated. This has cre¬ 
ated a modern man who has become 
so absorbed by the intellectual imagi¬ 
nation, its technological tools, and its 
abstract legal codes that he is starved 
emotionally and with respect to aes¬ 
thetic immediacy. Out of this half-man 
has come the crowds of people housed 
in the rigidly, rectangularly ordered 
streets and dull, gray buildings and 
slums of our huge cities. No one with 
aesthetic sensitivity to the immediacy 
of things and to the emotions within 
himself could ever have created or 
have tolerated such a thing. This is the 
aesthetic and emotive paradox of a 
technological society. Need one won¬ 
der that such a modern man, for all his 
abstract art, democratic laws, and effec¬ 
tive tools, is a frustrated, even often a 
schizophrenic, individual? 

But the ethics and aesthetics of a 
non-technological society have their 
paradox also. Notwithstanding the af¬ 
fection of its folk for trees and all other 
creatures of “Mother Earth,'’ its people, 
owing to their emphasis on family 
values, tend to produce more people 
than their instruments or their natural 
resources enable them to provide for. 
The consequence is, notwithstanding 
their affection for trees, that they eat 
the green twigs of the trees in order to 
live. In this way China has become de¬ 
nuded of its forests, and the rich top 
soil of its “Mother Earth" has been 
washed into the sea. The result is, not 
merely that millions upon millions of 
its trees have been destroyed, never to 
be replaced, thereby violating the cos¬ 
mic equilibrium, but also that millions 
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of its people die each year by starva¬ 
tion. The story of the non-technological 
civilization of India is similar. Owing 
to prolific breeding and for want of 
food, its people have turned hundreds 
of thousands of square miles of its 
once-forested or food-producing terri¬ 
tory, extending from south of the Gan¬ 
ges Valley to the southern portion of 
the peninsula, into almost a desert. 
Egypt, where the situation and the cure 
are even more hopeless, tells the same 
story. This is the paradox of the^ ethics 
and the tools of a non-technological 
civilization. 

The resolution of both paradoxes 
would seem to be clear. To this resolu¬ 
tion, moreover, the analysis of the phi¬ 
losophy of contemporary mathematical 
physics is now taking careful thinkers 
in our contemporary technological so¬ 
ciety. A full account of knowing in 
even mathematical physics reveals the 
irreducibility and the ultimacy of both 
the aesthetically immediate, with its 
all-embracing formlessness, and the 
axiomatically constructed (Margenau, 
1950; Northrop, 1947). Clearly, it is by 


specifying the relation between these 
two components of complete human 
knowledge, supplementing the one with 
the other, that the paradoxes of the 
traditional technological and the tra¬ 
ditional non-technological civilizations 
are to be resolved. 

Whitehead has worked out in great 
detail one way in which this can be 
done (Northrop and Gross, 1953). The 
writer has sketched another (Northrop, 
1946, pp. 436-78). Contemporary socio¬ 
logical jurisprudence (Ehrlich, 1936) 
demonstrates also that an effective law 
for the contemporary world must root 
itself in the living beliefs, practices, 
and values of its non-technological as 
well as its technological societies 
(Northrop, 1952). Recently, the artist 
Rudolf Ray, born and reared in the 
technological society of the West, has 
discovered the art of the all-embracing 
formlessness of a non-technological so¬ 
ciety. The scientific, philosophical, 
legal, and aesthetic insights necessary 
to reconcile and preserve both types 
of civilization appear, therefore, to be 
at hand. 
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Limits of the Earth: Materials and Ideas 
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What Are the Future Limits? 


Ill introducing this session, Dr. Jo¬ 
seph WmLiTS, as Chairman, cmpha- 
sized how much the topic invited the 
wid(\st kind of cross-disciplinary partic¬ 
ipation. Modern truth is rapidly be¬ 
coming so much more complex that no 
one approach and no one individual 
can hope to be adequate to it; the 
symposium is both the mood and the 
method of pooling various contribu¬ 
tions, so that we can succeed in not 
being outdistanced by the pace of com¬ 
plexity. Josiah Stamp once put it very 
well when he said, “Any truth is many- 
sided, even simple truth; but the com¬ 
plex truth of today needs approach by 
many different methods and by many 
different types of minds before we ar¬ 
rive at even an approximation to the 
truth.” 

In discussing “Prospect,” everyone is 
eligible to participate; but whoever at¬ 
tempts to advise on future policy, 
which is what “Prospect” connotes, neg¬ 
lects any element of the situation to 
his peril. Too often it is easy for intel¬ 
lectual folk to jump from the conclu¬ 
sions of their particular piece of truth 
into policy-making and to ignore many 
relevant elements. Our obligation is 
very heavy to make a success of cross- 
disciplinary considerations even more 


complex than the previous discussions 
on the actions of primitive to modern 
man and their effects upon physical 
and biological processes. 

Five topics were suggested for dis- 
cus.sion with regard to their limiting 
effects: soils, water, oil, energy, and 
population. How divergent are our esti¬ 
mates of these resources, and, if so, 
why are they divergent? How firm can 
our conclusions about limits be? What 
are the limits of materials beyond 
which we cannot go? When .shortages 
arise, we must keep in mind (a) the 
cost-and-price system of a relatively 
free market; {h) the control and impo¬ 
sition of standards by the state; (c) a 
thoroughgoing reoiganization of value 
and perceptual systems and, if they are 
to be reorganized, how this will be 
done; and {d) fundamental research 
on the scarcest of all materials—knowl¬ 
edge and intelligence. 

SOILS 

In discussing the first topic, soils, 
Albrecht asked that man’s thinking be 
related to his physical and chemical 
ba.se. The biotic pyramid has man at 
the top, animals below him, plants be¬ 
low animals, microbes below plants, 
and soil as its basis. In the biological 
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perfoiinauce of soil, eiifigy conies 
two sources: from within the rock and 
tiom tKe sun outside. Rock, with its 
propensities to break dc'wn and to 
move from higher cJi Viitions to the sea, 
provides one source of energy, while a 
sy'nthctic performance that is common¬ 
ly called ^^photosynthesis*" is derived 
from the sun. 

There are other aspects of soil aside 
from energy which aie often over¬ 
looked in discussions of surpluses de¬ 
rived from agriculture. Complex min¬ 
erals art? broken down or simplified to 
form clays, which are secondary min¬ 
erals that have die absorptive capac¬ 
ities to hold the fertility eleincnts tem¬ 
porarily. Clay is a temporary jobber to 
hold nutrients in exchangeable form 
for plant use. But clay eventually moves 
on, both bodily and in geological break¬ 
down. The quartz sand that is left con¬ 
tributes nothing, and the hydrogen sys¬ 
tem is without function. As rock moves 
toward the sea, it has temporary rest 
stops, with clay serving to contain diet¬ 
ary arrangements of all the essential 
fertility elements that feed plants. The 
ratio of these arrangements determines 
whether plants can grow. 

In the m-ddle United States, for 
example, the advantageous balance 
produces a deep soil with organic mat¬ 
ter fairly well distributed throughout, 
and the ratios of calcium, potassium, 
and magnesium are all properly bal¬ 
anced for legume growth and protein 
output. 

Soil development must be seen as a 
dynamic procedure. Rock is mov^d 
from high elevations and complex min¬ 
eral forms, is reduced to simplicity, 
and provides increasing efficiency for 
plant production. But what are the 
limits of the soil base to the biotic 
pyramid? 

The reproductive processes of plants 
and animals have their essential basis 
in the rich store of fertility reserxes 
in the soil. Protein is required to 
make reproduction possible, and protein 


needs a high level of mineral fertility 
In the biotic pyramid soil fertility i 
directly related to microbial nutritioit 
to plant nutrition, and thereby to ani 
mal nutrition. Thus, relating agricultun 
to the idea of survival, we must try to 
sec what can be done to the soil and 
then to measure that effect in terms of 
nutrition for the animal. This can he 
rather pointedly illustrated in the case 
of rabbits, which normally are prone to 
be quite steady in their increase. By ex¬ 
perimentally treating the soil which 
produces their feed, an indifference to 
reproduction can be created in rabbits 
in about three weeks. And this occurs 
before any symptom (change of fur or 
change in growth rate) manifests itself. 
What more powerful limit do we have 
for food production if the animals and 
plants we grow manifest simultaneous¬ 
ly the same results? 

This leads to thinking about repro¬ 
duction as a biochemical operation syn¬ 
thesizing organic substances which, re¬ 
duced to simpler units, are protein. 
Protein has the responsibility of carry¬ 
ing life forward. We may be close to 
synthesizing a protein, but we have yet 
to create one and to put life into it. The 
chemist of the gene tells us that it looks 
as though protein were a straight chain 
that finally links up into a kind of endo- 
ring—the first basic living compound. 
In any event, we are dealing with a 
protein molecule that requires tremen¬ 
dous support from the soil in order to 
be built. But, in exhausting the soil, 
man has emphasized bulk and thereby 
increased carbohydrates at the expense 
of proteins. 

A further characteristic of protein is 
that it has the power to digest other 
‘‘undisciplined” proteins; in terms of 
man, this characteristic means that the 
body has the power to protect itself 
against disease. Immunity is acquired 
by inoculation, which is but a success¬ 
ful whip only when the body has the 
reserve to expand under a stimulus. If 
we wish to depend more and more on 
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iiioculatioiis for immunities, ought we 
not to make sure that we are not whip¬ 
ping a malnourished horse? 

The limit of protein production is not 
in growth, not in protection, so much 
as it is in the reproductive? process. The 
crux of this limitation goes back to 
soils, which must have mixtures of the 
elements in large enough diversity and 
supply to grow our protein crops. But 
the demands of increasing population 
place a pressure on the available soil 
resources. Our life-lines are shortening 
with respect to the supply of complete 
proteins. It is essential to maintain a 
supply of balanced amino acids in order 
that we may grow and reproduce and 
protect ourselves. The increasing de¬ 
generative diseases now recognized 
have resulted from a breakdown in the 
protein supply, which has become the 
limit of the species in the biotic pyra¬ 
mid. 

Darling was concerned with tlie lim¬ 
ited rate of metabolism in any particu¬ 
lar habitat. His first point was that, 
for all practical purposes, we live in a 
finite world and therefore exist as a 
part of a biological system. This is so 
because wc are dependent upon photo¬ 
synthesis, which is a biological phe¬ 
nomenon. The great role of vegetation 
is to insure photosynthesis. After that, 
as Albrecht has said, comes protein 
synthesis, a process of great conse¬ 
quence. Photosynthesis may seem an 
involved process, depending in large 
measure on certain fitness of soils, light, 
and habitat, yet it is relatively simple 
in comparison to the process of protein 
synthesis. Albrecht has mentioned pro¬ 
tein synthesis from the point of view of 
soil qualities and ingredients, but. 
Darling emphasized, soils not only are 
chemical entities but are also biological 
worlds of microscopic organisms. If we 
accept the premises of the finite world 
and of the biological system, it is upon 
protein synthesis that the future of man 
rests. Yet the extremely complicated 
systems of protein synthesis are part of 


still larger systems of energy circula¬ 
tion, which might be termed “ecosys 
toms.'* An ecosystem is concerned with 
the circulation and conversion of mate¬ 
rials. We do not know the full range of 
these systems yet. The ecologist appre¬ 
hends this situation, although he may 
not yet comprehend it. A hypothetical 
ecosystem of five thousand species of 
plants and animals, with full circula¬ 
tion, pulse, and rate, can be bottle¬ 
necked in ciieulation and in the con¬ 
version of materials if one, ten, or five 
hundred species are removed from the 
complex. For example, 0bergaarde 
Nielsen, of Denmark, found a millipede 
to be the only species that was able to 
tackle a certain kind of plant detritus 
and to pass it into the circulatory sys¬ 
tem. Thus a myriapod that seems so 
insignificant and is not seen by most of 
us will, when removed from the detri¬ 
tus, block the possibility of a full pulse 
of energy flow in the eco.system. Re¬ 
search into ecosystems is the function 
of the ecologist, who is the physiologist 
of biotic communities. Fundamental re- 
.search directed toward increasing com¬ 
prehension of these biotic communities 
should continue, as it is the point upon 
which man depends for his continued 
inhabitance of the earth. 

Based upon his ten years of experi¬ 
ence in the Tonkin Delta, Gourou, in 
writing, observed that Asian peoples 
have lived for millenniums on diets 
that provide only minute quantities of 
animal proteins and not very large 
amounts of vegetal protein. Most live 
in poverty from the products of rice 
fields. Carbohydrates supply 98 per 
cent of the calories in their diet; they 
do not drink milk; eating meat once 
a month is a maximum; and very few 
fish are eaten (density of population is 
so high that the available supply of sea 
foods produces only low per capita con¬ 
sumption). And yet such people are 
active, have great fertility, and have 
built high civilizations. 
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WATIiiR 

Thomas began his discussion with 

the oceans, imiintninin^ that for all 
practical imrposcs there is no limiting 
factor on the total amount of water of 
the earth. It is always’ possible to de¬ 
mineralize, distil, or otherwise obtain 
water from the sea at a cost less than 
that now paid for domestic water in 
some small towns and not much greater 
than that for fresh water in many com¬ 
munities. Tlie possibility of obtaining 
fresh water from saline water exists on 
ships, on oceanic islands, and from 
saline springs on the continents; but 
the limiting factor is energy rather than 
water. 

Ground water in many parts of the 
world is saline, although it may have a 
fresh-water skim perhaps a few hun¬ 
dred feet in thickness. The possibilities 
of using energy for obtaining fresh 
water are considerable, but, again, the 
limiting factor is the energy rather than 
the water. F’resh-water supplies on the 
continents maintain their source in 
solar energy and thus depend upon 
precipitation. In certain instances, some 
ground water is really fossil precipita¬ 
tion, accumulated in past centuries or, 
in small part, perhaps dating back hun¬ 
dreds of thousands or millions of years. 
Thus, we would prefer to claim these 
water supplies as non-renewable re¬ 
sources. However, we are most inter¬ 
ested in renewable resources dependent 
upon precipitation. But precipitation 
alone is not satisfactory for plant or 
animal life; some storage is always nec¬ 
essary. Our living processes require col¬ 
lected water, either ground water or 
surface water. Storage is a vital factor 
and in various parts of all continents a 
limiting factor. 

Soils have different storage capabili¬ 
ties. In wet areas annual precipitation 
is great enough, so that it cannot all be 
evaporated by the available solar ener¬ 
gy. There is, then, an annual surplus of 
water which flows from a wet region as 


surface water or goes into the groun. 
and flows as ground water. In some wa 
areas where thejc has been enongl] 
precipitation for agricultural needs, 
man has been able through concen¬ 
trated pumping to deplete the supply 
of underground water. Pollution, too, 
has rendered both surface- and ground- 
water reservoirs unsatisfactory for use 
in many areas of adequate precipita¬ 
tion. 

By contrast, the dry areas, such as 
deserts, are those places in which solar 
energy is great enough to evaporate 
more water than is available from pre¬ 
cipitation. It is obvious that dry regions 
are limited for use by lack of water. 
But man can use dry areas if he can 
bring in surpluses from elsewhere. The 
limit to which desert regions can bo 
developed is dependent upon the 
amount that man can make available 
from areas of surplus. 

The boundaries of areas wherein 
average evaporation throughout the 
year is equal to precipitation shift from 
year to year. The results are marginal 
areas—such as our major grasslands, the 
Great Plains. Man finds difficulty there 
because of uncertain conditions; as a 
result he employs for land use an inter¬ 
weaving of techniques from the wet 
and from the dry lands. In deserts or in 
wet regions, conditions are rather con¬ 
sistently plus or minus; but in marginal 
areas we can never be sure. The tech¬ 
niques of dry farming, something of a 
gamble, are rather characteristic of 
marginal areas. Man's efforts there in 
diverting surface water have resulted 
not in failures but in overwhelming suc¬ 
cesses. So successful has he been in di¬ 
verting water and applying it to land 
that problems of waterlogging and of 
drainage caused by too much water 
hav^e resulted. On the other hand, we 
have found ourselves almost too capa¬ 
ble of draining swamps with too much 
water, for we have lowered the water 
table and developed troublesome spots 
around the drained areas. 



1075 


Discussion: Limits of the Earth 


In the matter of pumping, we have 
d(‘V('lopec] a turbine pnmp to lift water 
from great depths. This pump has a 
capability of pulling thousands of acre- 
fe('t (or cubic yards) of water out of 
the ground much faster than it goes in 
naturally. In Phoenix, Arizona, the 
probhnu of surplus water arose twenty 
years ago because the application of 
surface water to the land was produc¬ 
ing higher and higher water tables. 
Th(^ turbine pump was the answer to 
tliat drainage problem, but it suc¬ 
ceeded so well that the arc'a is now 
critically dry, owing to the removal of 
too much water from the ground. The 
probk'm is now to get more' water into 
the ground by artificial recharge. 

A project in Arkansas has added 
water to the ground under the rice 
prairie. This is a peculiar situation for 
a humid country where therci is plenty 
of rainfall. But rice, however, requircjs 
a relativc'ly impermeable surface. It is 
possible to pond the water, but that 
prevents its flcwing down into the un- 
dci’ground rc'servoir, which is the main 
sourc'c of water at the tc^p. Natural re¬ 
charges is inadecpiate for the reservoir. 
The problem is to get surface water 
from large streams into the under¬ 
ground reservoir, so that it can be 
pumped out for the cultivation of the 
rice. 

In Schaefer's discussion of weather 
modification there are great possibili¬ 
ties, but behind them all lies the close 
intf‘rrelation among precipitation, soil 
moisture, ground water, and surface 
water within streams and reservoirs. 
When we are successful in changing 
one, there may be unforeseen modifica¬ 
tions in adjacent or related patterns. 

MINERAI.S, FUFI.S, AND ENERGY 

Bateman, in writing, called attention 
to the* dependence of industrial nations 
upon the metals and minerals in the 
ground. The rise of the leading indus¬ 
trial nations has coincided with the 
utilization of their mineral resources. 


chiefly coal and iron. The history of 
modem industrial development of the 
West may be read as the conquest of 
the mineral kingdom, wherein those 
who hold the purse strings of the min¬ 
eral resources hold world power. It is 
startling to realize that under pressure 
of increasing industrial demands the 
world has dug and consumed more of 
its mineral resources within the period 
('inbraccd by the two World Wars than 
in all preceding history. No nation, 
actually, is self-sufficient in all minerals. 
More than eighty minerals today enter 
international trade. The U.S.S.R. does 
stand apart; through supplements from 
the bloc of its bordering satellite na¬ 
tions, it is essentially self-sufficient for 
most of the minerals that form the 
backbone of modern industrial develop¬ 
ment and is independent of sea-borne 
mineral imports. The United States 
cannot support itself industrially; it is 
deficit'nt in t'ighteen and lacking in five 
of the thirty-two most important indus¬ 
trial minerals. The British Common¬ 
wealth complements the United States, 
and together they have* practically all 
the essential mineral ingredicTits for 
normal peacetime industrial develop¬ 
ment and for defense. 

Ayres, in writing, could not share the 
feeling that “power we shall have in 
plenty,” if the inference is that it will 
be reasonable in price. The following 
present facts must be faced: (1) Hy¬ 
droelectric power, in 1930, comprised 
30 per cent of United States electric 
power. Today it is 16 per cent, and the 
decline has been inexorable in spite of 
vigorous government promotion. The 
rate of hydroelectric expansion will be 
far less than the expected rate of in¬ 
crease in demand. (2) The latest analy¬ 
sis of the United States Geological Sur¬ 
vey indicates that only about thirty 
billion tons of bituminous coal can be 
produced at or near present costs. If 
this coal is used only for the generation 
of electric power and other convention¬ 
al solid-fuel applications, a peak of coal 
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production can be expected in 1975. 
After that, coal will be progressively 
more expensive to mine and to use. (3) 
The peak of production of United 
States oil can be expected about 1965; 
that of world production, about 1985. 
After 1970, United States importation 
will be more expensive and more diffi¬ 
cult to arrange, because per capita de¬ 
mand of the rest of the world is rising 
four times as fast as the per capita de¬ 
mand in the United States. (4) Natural- 
gas peak of production can be expected 
about 1965. The shortage of gas there¬ 
after cannot be made up by imports 
from Canada, whose gas reserve is be¬ 
lieved to be only about 5 per cent of 
that of the United States. (5) Shale oil, 
by 1975, will not amount to more than 
one-third of the difference between our 
supply and our demand for liquid 
fuels. (6) Development of all practi¬ 
cable tidal power sites would provide 
only a fraction of 1 per cent of our 
energy demand, and the cost would 
be high. Large-scale use of solar energy 
awaits the invention of practical means 
for its massive storage. (7) The last 
quarter of this century will find the 
United States with expensive fuel 
(solid, liquid, and gas), while some 
other parts of the world still will have 
adequate natural petroleum and gas. 
The United States will be at a competi¬ 
tive disadvantage. 

These estimates are predicated on 
the absence of large-scale nuclear ener¬ 
gy at reasonable cost. It is impossible 
today to have any idea of the cost of 
nuclear power from a self-supporting 
industry. Tlie almost-competitive fig- 
ure§ given by General Electric are 
based upon the rejuvenation of fuel 
being done in government plants at a 
"fair* price. The Duquesne plant, now 
building, will cycle about forty million 
dollars worth of uranium fuel between 
the power plant and the government- 
operated plant, making the generation 
or electric power a by-product of the 
manufacture of atomic bombs. Nuclear 


power in Britain is intended to be self- 
supporting, but reasonable costs can be 
arrived at only by assigning a value to 
the plutonium produced from a breed¬ 
ing reactor for use in other nuclear- 
power plants. Once expansion of the 
power industry ceased, the cost of 
power would skyrocket, because there 
are no outlets for plutonium use except 
bombs or power plants. The most opti¬ 
mistic of nuclear-power specialists do 
not anticipate that, regardless of costs, 
nuclear power will expand at a rate to 
supply more than 10 per cent of the 
United States total energy demand by 
the end of the century. 

There will be ample energy for the 
rest of the century, though costs will 
rise. It is to be hoped that a method 
will be devised for the slow release of 
energy from atomic fusion (as distin¬ 
guished from fission). Much interesting 
work has beem done with lithium hy¬ 
dride, which involves no critical mass, 
creates no dangerously radioactive by¬ 
products, does not require recycling 
through a chemical plant, and is five 
hundred times as abundant as uranium 
and thorium. Even motorcars might be 
operated in this way. 

For ScARLOTT, a consideration of 
energy resolved itself into two ques¬ 
tions: How much energy do we have 
in the bank? What is the rate at which 
we are spending it? By and large, our 
inventories of fossil fuels are probably 
adequate, and we can certainly do 
reasonable planning in this realm. The 
records of how fast we are consuming 
energy are fairly good also, and the 
spread of disagreement is not too great. 
The only areas of doubt are in the 
lesser developed countries, but, there, 
the energy uses are so small as yet that 
they need not be considered as an 
appreciable factor. The one large area 
of disagreement is of how fast we will 
be using energy in the future. It is quite 
possible to plot curves of population 
growth, then to plot the per capita con¬ 
sumption of energy, and thus to dis- 
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cover that the total energy use some 
fifty to a hundred years from now will 
be truly staggering. 

The more important question to con¬ 
sider is the occurrence of the point at 
which our demand for energy outstrips 
our ability to produce it. Does it really 
matter what the quantities of fossil fuel 
or natural gas we have in the ground 
may be if our demands far exceed our 
ability to produce them? 

I^et us consider the specific fuels one 
by one. Oil, for instance, will probably 
reach a maximum peak of production 
some time between 1965 and 1975, 
after which production will decline 
rather rapidly. This prediction is based 
on the assumption that ninety billion 
more barrels will come out of the 
ground. Even if it were much more, we 
would not postpone the date of maxi¬ 
mum production more than ten or fif¬ 
teen years, which is a very short span 
in the life of the country. It appears 
that we are probably going to be faced 
with a liquid-fuel shortage around 
1975, at least in the United States. In 
natural gas, using the same line of 
reasoning, the probability is that we 
will reach our period of maximum pro¬ 
duction somewhere between 1985 and 
2000. We probably will run into very 
marked shortages of our high-grade 
bituminous coking coals by the year 
2000, or between 2000 and 2025. Our 
economy still is based upon steelmak¬ 
ing and ironmaking, which, in turn, de¬ 
pend upon the availability of high- 
quality, low-volatile bituminous coal 
suitable for coking. In the event of 
scarcity, the steel people will have to 
look to other methods, which most sure¬ 
ly will increase the cost. 

The question is not the sum total of 
energy but the costs of the energy units 
and the ingenuity required for their 
capture. Beyond the high-quality bitu¬ 
minous coals (currently being wasted 
for such purposes as house heating, 
when there is a much greater need in 
the total social order for other and more 


specialized purposes), there arc also 
vast (quantities of lower-grade coals, on 
down to the lignites. We often say that, 
when oil runs out or becomes scarce, 
we will make liejuid fuels from coal or 
from shale. But both of these technical 
qDossibilities encounter serious engineer¬ 
ing difficulties as well as rising costs, 
luiel can be made from coal only at the 
(\\q)ense of one-half of the Btu.’s which 
arc^ consumed in tlie process. So, too, 
can oil be made from shale, but it so 
haqqjeiis that great quantities of the 
shale are located in areas where water 
is very scarce, and water is quite impor¬ 
tant in the process of oil extraction. 
Added to this is the problem of ash 
disposal, since, to get a usable fuel, 95- 
98 ]3er cent of the ash is left over from 
the retorting of the oil shales. Disposal 
of this material is a serious problem 
which again bears on cost. 

Nuclear energy will be a major ener¬ 
gy source in four or five years and will 
be comq>etitive in cost to energy pres¬ 
ently obtained from fossil-fuel stores. 
Then, too, in running the gamut of 
energy sources, we must not overlook 
solar energy. The earth receives from 
the sun each day some two thousand 
times more energy than is consumed; 
as we are threatened with the serious 
shortage of fossil fuels, the efforts to 
use solar energy increase. We can look 
to solar energy to take over a large por¬ 
tion of heat for cooking, for water¬ 
pumping, and for comfort heating, on 
which we now spend about a quarter 
to a third of our total energy. On large- 
scale power production from solar 
energy we are extremely pessimistic, 
since along with it there is a storage 
problem. We look to electricity as a 
continuous flow of energy, but of 
course solar energy is intermittent. Un¬ 
til the storage problem is solved, elec¬ 
tric power from the sun is faced with a 
twofold handicap. 

One thing which should not be ig¬ 
nored is the possibility of energy on a 
large scale through fusion rather than 
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through fission. We will probably 
velop large-scale power plants based 
on the fusion reaction. Should we de- 
velop practical controls for the fusion 
reaction^ the energy obtainable would 
be so great that it would certainly 
modify all our present concepts of 
energy consumption and energy needs. 
Meanwhile, however, we would be 
foolish to relax our concern for future 


Thomas queried Bugher as to tlit 
problem of waste disposal in full-scalt 
nuclear-energy power development. 
Buchkb answered that it was not the 
reactors that occasion diHiculty but the 
residues from chemical processing. The 
factors of this problem are time, dis¬ 
tance, and containment. Such residues 
must be held in adequate containment 
for a sufficient time (on the order of a 


energy supplies. 

In summary, the world has ample 
fuel stores and energy stores per se. 
However, there are serious energy 
shortages ahead of us, and we are faced 
with consistently rising energy costs in¬ 
clusive of nuclear and fusion energy. 

Bucher mentioned that his chapter 
attempted to document what is known 
of the present radioactive contamina¬ 
tion of the world, which has resulted 
from the past decade of fission activity. 
The figures presented were based on 
more than a hundred thousand analyses 


hundred years without disturbance) to 
allow decay to take place. Two po'^si- 
bilities are attractive: one is the utiliza¬ 
tion of exhausted oil fields, particularly 
salt-dome structures known to be tight, 
and the other is the depths of the 
ocean, where, if figures on turnover 
time are correct, we could rely on sev¬ 
eral hundred years without disturb¬ 
ance. But it is essential that waste 
products not be released to the environ¬ 
ment, or we would certainly get into 
major population difficulties through 
genetic disturbance. 


representing the full-time work of a 

hundred people for three years. He said population 

that it is almost inevitably true that the Thompson attributed the phenom- 
generation now being born will derive enal increase in population of late to 
most of its energy from fission proc- two main causes: the lowering of the 
esses, to the point where it will be un- death rate and increase of the birth 


economic to develop to the full either rate and the generally improved sani- 
the coal or the oil reserves. In talking tary and medical conditions which 
of competitive technology, nuclear have eliminated the factor of disease 


power is already competitive in some 
parts of the world and is underselling 
thermal power in some situations, even 
in the United States. 

In considering fusion possibilities, 
we realize that deuterium is one of the 


throughout the world. Back in the 
1930’s we were quite certain that the 
United States was undergoing a decline 
in birth rate. We predicted it would 
slowly continue to approach the death 
rate, with the result that the rate of 


abundant elements of the earth and natural growth would be comparatively 
completely inexhaustible as a source of small. But the fact is that since World 


energy. Only two and one-half years 
ago did we learn for certain that a self- 
.sustaining energy released from deu¬ 
terium could be achieved. If we had 
the ability to achieve energy release by 
deuterium fusion today, the raw mate¬ 
rial could be considered as without 
appreciable cost, for the production of 
heavy water now goes on in terms of 
tons rather than grams. 


War II we have continued a birth rate 
varying between 23.5 and 25 per thou¬ 
sand, with a reduction in the death rate 
to about 9. We can truly speak of an 
unexpected explosion of population in 
the United States. 

In the past, most changes have been 
comparatively slow, because the cul¬ 
tural backgrounds out of which these 
changes had to take place were differ- 



1079 


Discussion: Limits of the Earth 


( lit and wer(‘ changing more slowly 
than we can change them today. We 
often speak of the population transition 
in the Western world which began, 
roughly, two hundred years ago. It took 
place in those countries in which eco¬ 
nomic conditions were such that tlu' 
death rate was improved long before^ 
we knew what the causes of its im¬ 
provement were. The improvemeiit of 
living, and probably the cleanliness 
that accompanied it, was an extremely 
important factor in cutting the death 
rate. As a re.sult, there was a tremen¬ 
dous growth of population among a 
relatively small group of pcuiple. (Euro¬ 
peans in 1800 numbered possibly 175- 
200 million.) Gradually, with indus¬ 
trialization and urbanization, the whole 
cultural pattern was changed sufficient¬ 
ly to permit reduction of the birth rate 
to set in. But this, in England, was 
about a hundred and twenty-five years 
after the beginning of the industrial 
revolution. Later, the improvements 
and application of most modern medi¬ 
cal techniques in the control of the 
various diseases further reduced the 
death rate. 

Birth rates today for many parts of 
the world arc above 40 per thousand. 
There are death rates as low as 8. As a 
rule, the two are not combined in the 
same areas; we have had only partially 
controlled death rates in places of high 
birth rates. But more and more it is 
possible to keep the death rate at a 
minimal figure of from 10 to 12. Birth 
rates, however, arc of a different order 
and are subject to quite different types 
of control. As yet, we see no evidence 
of the infertility or sterility, mentioned 
by Albrecht, that arises from lack of 
protein. 

For a long period the increase of 
food supply was the fundamental limit 
to increases of population; later, the 
limits became rather the cultural and 
political conditions under which people 
lived. In his recent book, World Popu¬ 
lation and World Agriculture, Sir John 


Russell studied the possibility of im- 
proveinc'nt of agriculture and found 
that it continually involved cultural and 
political matters in the acceptance of 
change. An example of the rapidity of 
cultural and political conditions to 
effect changes, both in the matter ol 
food production and in attitudes to¬ 
ward tVic control of population in¬ 
crease, is set by Japan, which under 
the prodding of the occupation force.S 
brought its birth rate down from 34 to 
20 per thousand and declined its death 
rate from 29 to 8.9. 

The main question, of course, in dis¬ 
cussion of population is where we are 
to find the resources that are going to 
be demanded as a result of increasing 
population. We simply do not know 
how to ecmtrol many of the variables 
which affect man’s attitudes toward hiS 
own reprod u cl ion. 

Coui\ou, in writing, commented upon 
tlie dt'mographic revolution in Europe 
after the sevcaiteenth century. In Pic¬ 
ardy, northern France, an accurate ex¬ 
amination of the parish registers in 
some villages and of the recordings of 
the prices of wheat has shown that (1) 
a critical equilibrium of population 
existed between 1630 and 1715, with 
deaths in some years exceeding births; 
(2) during this j^eriod prices of wheat 
frequently were very high, an expres¬ 
sion of bad harvests and of a situation 
of scarcity if not of famine, with the 
worst years for population increase the 
years of higher prices; and (3) after 
1715 population rose continuously, with 
births in every year exceeding deaths, 
while the price of wheat was steadier 
and lacked such high peaks. 

Glacken, in writing, observed that 
the relation of world population to 
world resources had been of consider¬ 
able interest since the end of the nine¬ 
teenth century. Albrecht Penck’s essay, 
‘"Das Hauptproblem der physischen 
Anthropogeographie,” of the mid-1920’s 
stimulated German thinking, and there 
have been many similar stimuli over 
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in calcu^ to preserve a large geneti 
because or (1; ^ irable land mnnVind its c^enius and 

andards of liv- 
firnate of total 


lations of the arin. araoie 

and (2) difference. andards of liv- 
ing. Obviously, a : -timate of total 

arable land witV , ipulation at the 
Western Europe faiidard of living 

would result le < lower potential 
world figure tiiriu a high acreage esti¬ 
mate at an (Jriental standard of living. 
Several have pointed out that thought 
on population and resources on a 
world-wide basis ignores the existence 
of national states and differences in 
transportation, production, capital, etc. 
However, world estimates should not 
be dismissed cavalierly. Even though 
the world is divided into different cul¬ 
tures, each of which may be using its 
environment in different ways for dif¬ 
ferent purposes, it is equally true that 
problems arising within nation-states 
have world-wide repercussions. Gen¬ 
eral studies of the earth as a whole 
keep in mind the dimensions of the 
problem and the interdependence of all 
its parts. By emphasizing local units, 
the world-wide situation too often ap¬ 
pears only as an influence on the nation¬ 
state that occupies the center of atten¬ 
tion. 

Steinbach, in writing, considered 
organism the greatest natural resource 
and the property of adaptation, change, 
and progress its greatest virtue. But 
adaptation and change depend upon a 
freely available pool of genetic factors. 
Thus the greatest possible argument for 


closer regard for organisms as a eon 
trolling or limiting factor and the net 
to preserve a large genetic pool—to gis r 
mankind its genius and agriculture its 
hybrid corn. 

As a small example of the probleii' 
of the human time scale in dealing with 
man, Darwin presented a matter 
research in eugenics. The Eugenics S(;- 
ciety of England had made a consider¬ 
able study of the criminal classes and 
then, a little above them, of what we 
call the "problem families^" of human¬ 
ity, the people who, if left alone, do not 
get deeply into crime but do create a 
"slum^^ from a decent house, and things 
of that kind. Recently, we have been 
paying attention to the fact that the 
really important thing is the other end 
of the equation, the superior classes of 
people. We have started a project on 
what we call "the promising families.” 
The problem is to find an objective 
manner to discover which among the 
various families of a country are the 
really valuable ones, and this is an in¬ 
comparably more difficult subject than 
the other. The starting point has been 
in the schools, beginning with children 
between the ages of ten and eleven. 
But this quite convinces us that to start 
any systematic plan for studying hu¬ 
manity, of any kind, an unavoidable 
delay is encountered. Student and sub¬ 
ject age at the same rate, and this 
handicap makes the time scale in hu¬ 
man affairs such an important subject. 

Tukey suggested that the limitation 
of the time scale can be broken through. 


maintaining large populations in man 
is to produce the genius. Albrecht’s plea 
for animal proteins—or for proteins in 
general—is valid only within the limits 
of present-day technical knowledge. 
There is no reason why man or other 
animals should not be fed entirely on 
protein from properly fortified marine 
algae when enough is known about it. 
Bugher’s point of a new type of energy 
of unlimited amount, not dependent 
upon organisms, necessitates an even 


Witness the astronomers, who, to be 
where they are today in their knowl¬ 
edge, have broken through by a much 
larger factor than anyone dealing with 
human problems. Whereas for astrono¬ 
mers a million generations is a short 
time indeed, we would be in very good 
shape if we could break through by one 
hundred generations. 

Bouijjing, in writing, contributed the 
following observation: In "classical” 
Malthusian theory the limiting variable 
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is per capita food intake. Tliis leads to 
the '‘dismal theorem” that the only 
things that limit population are starva¬ 
tion and misery; population will grow 
until people are hungry and miserable 
enough to stop its growth! It leads 
further to the “utterly dismal theorem” 
that any improvement (whether tech¬ 
nological or conscrvational) leads only 
to increased populations living in just 
the same state of misery as before—that 
is, assuming no change in the subsist¬ 
ence level itself. The “cheerful” side of 
the Malthusian system is that, first, the 
subsistence variable does not have to 
be food. Even in nature it is usually 
some other variable, such as living 
space or “housing,” which limits popu¬ 
lation rather than the food supply. 
More important, the level of subsist¬ 
ence, whatever the subsistence vari¬ 
able, does not have to imply “misery.” 
That is to say, as Malthus himself rec¬ 
ognized, “subsistence” is always cultur¬ 
ally rather than “biologically” deter¬ 
mined. The problem, therefore, is to 
find cultural subsistence levels which 
are “agreeable,” or at least more agree¬ 
able than others. A study of the Irish 
experience since 1846 would be very 
enlightening in this regard. Generally, 
for instance, “housing shortages” may 
be more desirable tnan “food short¬ 
ages.” Thus the population of domestic 
cats is limited by a housing shortage 
(the number of cat-lovers' homes), 
whereas the population of alley cats is 
limited mostly by a food .shortage. Even 
better, the development of a “moral 
niche” may be the most desirable of all 
—that is, a general willingness to re¬ 
strict families voluntarily out of a clear 
understanding of the ethical issues in¬ 
volved. 

ON METHODS OF DEALING 
WITH OMITA-nONS 

Knight began his discussion, later 
supplemented in writing, by contrast¬ 
ing the natural sciences and the social 
sciences. Natural sciences, he said, deal 


with facts and information to which 
people generally were fairly hospitable, 
but social sciences, and particularly 
economics, tend to remind people of 
things which they already know but 
systematically disregard in their own 
conduct. 

In economics, man is dealt with as a 
rational animal, in terms of his effective 
or efficient societal behavior. Perhaps 
there is a degree of rationality in hu¬ 
man conduct. Man also is a biological 
specimi'u and a physical mechanism to 
such a degree that we cannot find in 
the human body any exception to the 
workings of the laws of physics and 
chemistry. Yet man is more than these. 
In all our objectives in social policy 
aimed toward improvement of society, 
we find man to be a civilized animal. 
Perhaps, the difficulty in talking about 
man is the pluralism found within him 
—he is a physical meclianism, a biolog¬ 
ical specimen, a cultural animal, and 
more or less an intelligent animal. And 
yet, in discussing man, we cannot ig¬ 
nore the problems of belief and con¬ 
duct that do not come under the notion 
of efficiency at all. 

No real discussion of social policy 
can neglect the fact that man is more 
than an animal with animal needs. 
Proverbially, he “must live”; but, as 
Aristotle pointed out, society exists for 
the sake of living “well,” not merely 
living. Truth, beauty, goodness, and 
fun have to be provided for. Problems 
arise because all needs of all individ¬ 
uals come into conflict when all draw 
upon a common store of means, exist¬ 
ing or to be created. The “quality” of 
human life in its many aspects conflicts 
with the “quantity,” and at some point 
a balance must be struck, some com¬ 
promise effected. No truth is more self- 
evident than that quality and human¬ 
ness of life depend upon limiting the 
numbers of people to correspond with 
the available means of providing for 
them. The balancing point may be 
chosen either more or less rationally or 
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left to tlie forces of nature, which ob- 
vioiisly arc on the side of tor 

no “/reedoin” is mon' niitonchable oi 
difficult to regulate than that of mating 
and reproduction. 

The outline presenti^d by the Chair¬ 
man provided lour main topics for dis- 
cussintr the methods of dealing socially 
with tSc limits of the earth: the inarket- 
and-j^rice system, political measures, 
modification of our ends or values, and 
research. 

Taken in reverse ordt'r, how can re¬ 
search ever b(' applied to the crucial 
values—those which lie beyond mere 
living? The problem is to define huinan 
progress. Logically, we must first know 
the “given conditions” in nature and 
human nature, and that knowledge is 
only vaguely knowable; ascertaining 
the human and social ideals to be real¬ 
ized is still more difficult. Yet we do 
the best we can through reflection and 
patient and tolerant discussion. 

The greatest obstacles to the use of 
intelligence are not ignorance or even 
enor but prejudice and false values. 
The innate and uniquely romantic char¬ 
acter of man leads him to demand easy 
and pleasant answers to hard problems. 
Above all, man is impelled to “do 
something” about his multitudinous 
discontents (whether rational or irra¬ 
tional) and proceeds to act, well know¬ 
ing that acting without the knowledge 
required to act intelligently is far more 
likely to do harm than good, Man is 
distinctly the irrational animal. Histori¬ 
cally, the conspicuous form of prejudice 
lias been the virtue of believing by 
faith. Prejudice rather overlaps ‘the 
categories of error and sin. Animals are 
held incapable of sin; but men call 
other men “brutal” and “beastly” for 
traits like cruelty and obscenity, from 
which animals are free. Animals some¬ 
times fight but not over the meaning of 
meaningless words. Man is a social ani¬ 
mal but is also distinctively antisocial. 
An individual belongs to innumerable 
“societies” but tends to be antisocial- 


suspicious or hostile—in relations acros 
the boundaries between them. Man 
social nature is largely that of a parti 
san—a "gangster." 

The supreme mystery of man from 
the evolutionary viewpoint lies in the 
reversal of the instrumental relation 
bt‘twe('n body and mind. Originally, the 
brain was merely a biological organ 
functioning to sc'rve the needs of the 
organism. Civilized men have made the 
relation wholly the opposite, the body 
purely an instrument for producing 
“desirable experienc;e” or “ideal values” 
—things without biological meaning and 
often antibiological. Indeed, the mind 
is ashamed of having a body; this is 
kept carefully concealed. But wearing 
clothes is a small circumstance com¬ 
pared to the mind’s dissembling of it¬ 
self. Man is the deceiver, the liar, the 
hypocrite of all creation—for the good 
as well as the bad, just as what is 
sought for the good life is as often bad 
as good. The great fact, however, is 
that some kind of life is sought, not just 
life. It is not life which occasions our 
shortages—not even the “good” life; but 
it is the constantly better life as meas¬ 
ured by increasing use of resources— 
that is, it is social progress and the 
equitable distribution of its benefits and 
its costs or losses—which brings us to 
the limit of resources. 

The problem in changing human val¬ 
ues is that men struggle over rights, 
which are very difficult to discuss ob¬ 
jectively. Each would be the judge of 
his own cause; the result is accusation, 
recrimination, and appeal to force or 
settlement by an arbitrator with power 
to enforce his decisions. Hope lies 
rather in agreement on “good” law and 
open-minded, tolerant, and patient ad¬ 
ministration, all based on faith in the 
intelligence and reasonableness of hu¬ 
man nature. 

But what of the choice—the proper 
balance or compromise—between the 
market-and-pricc system and political 
action? In the present state of the pub- 
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lie iniiicl it is tin “fashion” to go to an 
» xtreine in repudiating the market or- 
'tanization and to resort to political 
iorce, with but little rational inquiry 
into the virt\ics of the one system or the 
limited possibilities of the other. Nine- 
tec'nth-century liberalism, particularly 
in Britain and America, went to an in¬ 
defensible extreme in its faith in indi¬ 
vidualism. I his was a r(*action against 
the long centuries of ecclesiastical dic¬ 
tatorship and the following shorter 
epoch of regimentation under authori¬ 
tarian monarchical dynasties ruling by 
divine right. The present counterreac¬ 
tion runs to the opposite extreme—-stat- 
isin. It is surely incumbent on advo¬ 
cates of radical change to consider 
what powers govc^rnments must have if 
they are to remedy economic injus¬ 
tices, real or supposed, and what such 
governments are likely to do with 
power. The basic issue is freedom, with 
its interrelations in economics, politics, 
and culture and, generally, in thought, 
expression, and personal intercourse. 

A sketch of the principles involved in 
comparing the market system with po¬ 
litical action might begin with the tru¬ 
ism that no one really advocates either 
method to the comple?te exclusion of 
the other. In its current meaning “econ¬ 
omy” is a fairly close synonym of “effi¬ 
ciency”; it now refers to getting the 
“best” or “maximum” result from the 
use of given resources. Economics 
treats the value judgments of individ¬ 
uals—as expressed in choices actually 
made in buying and selling goods or 
services—as final and as facts. But .so¬ 
cial policy necessarily involves com¬ 
parison of the wants of individuals in 
terms of “importance”; this implies su¬ 
perindividual criteria, and this compar¬ 
ison must be made and enforced by an 
agent representative of society as a 
whole, that is, the government. Thus 
any policy is inherently an interference 
with, or limitation of, individual free¬ 
dom. 

Freedom, to make sense in social re¬ 


lations, has to mean association by mu¬ 
tual consent, that is, with each individ¬ 
ual free to choose his associates in 
terms of maximum advantage to him¬ 
self but with coercion by durc'ss or 
baud excluded. Exchange in the open 
market is the nearest approach to mu¬ 
tual frcH'dom possible for persons with 
conflicting interests. Law, voluntarily 
accepted or enforced, can enter only 
by way of preventing unfrec relations. 

In the controversy over the definition 
of fret'doin, we see a largely partisan 
liiK'-up. On the one side are propagan¬ 
dists for business ad lib, who advocate 
making individual liberty, as expressed 
in the market, tlui single final and uni¬ 
versal norm. But society is not com¬ 
posed of “individuals” capable of tak¬ 
ing the whole responsibility for tht'in- 
selvcs. A clear majority of any normal 
population arc dependents. The family 
is the minimum social unit that is at all 
real. Any society which coimts on its 
continued c'xistc'ncc* has to accept some 
responsibility lor its weaker members, 
especially its children. 

On the other side of the controversy 
over the definition of freedom are the 
propagandists for “justice.” But it seems 
absurd to say that a j^erson is not free 
to do anything unless he commands all 
the means, or power, that would be 
necessary to achieve desired ends—in 
effect making freedom the right of ev¬ 
eryone to do anything he pleases and 
get anything he wants. Any eflFective 
social policy must exercise some con¬ 
trol over both the wants and the capac¬ 
ities of its members. This means that 
freedom must be limited for the sake 
of other rights and values in so far as 
these are more important. 

Assuming impending shortages, there 
are still difficult problems in assigning 
the respective roles of the market sys¬ 
tem, based upon individual freedom, 
and of state action, based upon com¬ 
pulsion. Though we assume that state 
action will be democratic and through 
law, all law is compulsory and requires 
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enforcc'iiieiit. EnforceriKMit is necessary 
because Jaw must apply to everyone, 
and men do not spontaneously or irec- 
Jy agree. 

The Brst threat to free society today 
lies in the lack of a criticaheomparative 
attitude in viewing the relation be¬ 
tween economics and politics; there is 
also a tendency to irrational rejection 
of the working of the free market and 
an appeal to the compulsory power of 
government. In the same direction 
away from freedom, but going still far¬ 
ther, is a refusal to face, state, and dis¬ 
cuss issues in politics itself and a resort 
to emotional appeal, trickery, and vari¬ 
ous psychological techniques of per¬ 
suasion, all of which are forms of force. 
What is true is that people who believe 
in freedom favor the free market. One 
reason why men appeal from the mar¬ 
ket to law and the police power of gov¬ 
ernment, and from critical discussion 
to political “arguments” without intel¬ 
lectual merit, is that critical discussion 
of objective or social values is terribly 
difficult. Such an idea is a revolution¬ 
ary cultural innovation. The problem is 
utterly different from that of science, 
where experiment and empirical tests 
are applicable, for social policy must 
change society, and its institutions can 
look forward only to an indefinite fu¬ 
ture. 


the large, it seems to cancel out. 11: 
spiders web is clearly “designed” i 
catch Hies for the spider to devour; bn 
from the Hies' point of view the bcncl 
icence appears in a different light Co¬ 
operation is also widespread in natur 
but human groups are unified in large 
jiart bv opposition to other societies. In 
sJiort, life directed to the realization of 
enduring values and “progress” toward 
higher values calls for an organized 
conspiracy of man against the natural 
course of events. 

History and evolution afford much 
explanation or “excuse” for man’s lim¬ 
ited success, so far, in this project. For 
eons before men appeared there was 
social life on the mechanistic basis of 
instinct. In some mysterious way the 
basis was shifted, in the main, from in¬ 
stinct to socially inherited mores and 
institutions. But conformity and obedi¬ 
ence seem never to have been volun¬ 
tary or rational; they were “sanc¬ 
tioned” in various ways, especially by 
fear of punishment by supernatural 
powers. Then, as mysteriously, gradu¬ 
ally in human terms but suddenly in 
those of human history, men got the 
idea and aim of reversing the relation, 
took charge of the process which had 
produced them, and began to direct 
history itself toward ideals wholly alien 
to nature. 


The law of nature seems to be, “To 
him that hath shall be given,” since 
power in any form can always be used 
to acquire more power. The world of 
our environment shows no visible con¬ 
cern for our ideals or any norms or 
standards, no aversions to suffering op¬ 
pression or cruelty or to ugliness or 
nastiness. On the other hand, it shows 
no preference for these things; it is 
merely indifferent, “inexorable.^ It is up 
to man to inject purpose and rationally 
to turn natural processes to account for 
good. To do this, men must agree co¬ 
operatively on ideals and procedures 
for their realization. Nature, indeed, 
shows purposiveness in detail, but, in 


In always facing a welter of conflict¬ 
ing values, not merely a clash of self- 
interests or a simple opposition of 
“right” and “wrong,” we must be criti¬ 
cally intelligent. The only general for¬ 
mal rule is the best attainable balance 
and compnromisc. To become critically 
intelligent, man must re-educate him¬ 
self. This will be a long, laborious, but 
necessary process if people are to be 
fitted for life in a free and progressive 
society. The first requisite is the wish 
to be objective. The young must be 
taught that questions are to be an¬ 
swered by reaching agreement through 
free and critical inquiry, not by repeat¬ 
ing inherited dogmas, which arc alwavs 
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meaningless without interpretation and 
( nforcement by an authority with ple¬ 
nary power. EMscussion calls for mod- 
('sty, patience, and tolerance, which are 
not now natural to man. We must learn 
to attempt only what is possible and 
then not to expect too much. There is 
no other way to save civilization, so 
laboriously and painfully achieved. And 
we must have faith, but a discriminat¬ 
ing faith. 

WHAT "Aim" THE FUTURE IJMtTS.^" 

Dr. Lester Klimm, in chairing the 
open-discussion portion of the session, 
pointed out that we must recognize cer¬ 
tain assumptions about diversity: di¬ 
versity in rates of change over time and 
place as well as diversity in magni¬ 
tudes. Throughout the symposium dis¬ 
cussions there seems to have been a 
continuing and implicit assumption that 
American problems were world prob¬ 
lems and that all problems were of the 
same magnitude as those of the United 
States. However, must we not assume 
a little variety on the face of the earth 
and understand not only that the rates 
of change are different but are also of 
differing magnitudes? 

Ordway replied to Willits' sugges¬ 
tion that social scientists may find an 
inconsistency between the statement 
that rising prices will gradually limit 
consumption of resources and the state¬ 
ment that man should now begin vol¬ 
untarily to cut back on consumption be¬ 
fore rising prices force him to do so. 
But factors of time and human aspira¬ 
tion must be considered. It is not only 
the part of prudence to reduce con¬ 
sumption of raw materials that are be¬ 
coming scarce; if this is not now done 
voluntarily, then gradually we will be 
forced to do so against our wills, with 
an upsetting loss of freedom of initia¬ 
tive and with involuntary reversal of 
our American dream of expanding pros¬ 
perity for all. Perhaps there is an ele¬ 
ment of optimism in the belief that 
prices will accomplish, before it is too 


late, a balance between resource con¬ 
sumption and resource creation. The 
ability to be optimistic in the face of 
disillusionment is a form of escape that 
may lead to defeat. 

In thinking about the future. Brown 
thought it absolutely essential that 
what we would like to see happen be 
absolutely distinguished from what we 
think actually will happen. The latter 
is the present concern. What might a 
gathering of Paleolithic men have dis¬ 
cussed regarding the outlook for re¬ 
sources? What would a group of agri¬ 
culturalists, meeting prior to the emer¬ 
gence of the agricultural revolution in 
Western Europe, have said? In the ab¬ 
sence of world catastrophe, man is en¬ 
tering upon a new revolution which is 
bound to have enormous demographic 
consequences. 

Given adequate supplies of energy, 
water ceases to be a limiting factor, 
for, as Thomas has remarked, water 
may be obtained from the sea. Also, are 
we not on the verge of a revolution in 
food production, produced by advances 
in microbiology? Brown himself in the 
West Indies had eaten yeast slightly 
fortified with methionine, which had 
the amino acid composition distribu¬ 
tion of milk and was grown on pure 
carbohydrate mixed with entirely inor¬ 
ganic mineral nutrients. He had also 
consumed at the Institute of Food 
Technology in India a s)mthetic butter¬ 
milk made by growing a particular cul¬ 
ture on peanut cake. Similarly with 
photosynthesis. Growing things in soil 
is rather inefficient from the standpoint 
of present yields. Algal research has 
produced prodigious yields in inorganic 
nutrient solutions much higher than 
yields from conventional agriculture. 

The main limiting factor today seems 
to be the rate at which we can produce 
energy. Our world seems governed, in 
effect, by the first and second laws of 
thermodynamics. Thermodynamics tells 
us what reactions are possible (levels 
that can be achieved) but nothing 
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about rates (how fast the reactions can 
take place). As our population in¬ 
creases, our rat(' of energy consumption 
will rise, and our energy consumption 
per capita also is bound to go up. We 
will have to get used to the idea of 
greater energy expenditure and to the 
idea of paying more for it. 

But are there limits to our production 
of energy? Brown then presented in¬ 
formation, pr('\'ionsly C'lassified by the 
Atomic Energy (Commission for release 
at the August, 1955, United Nations 
meeting in Geneva, on the peaceful 
uses of atomic energy. His research 
group at Cal Tech, in the course of 
measuring the geochemical distribution 
ol uranium in granite, had made an im¬ 
portant discovery. Uranium is distrib¬ 
uted in granite' in such a way that 90 
per cent is concentrated in mineral 
phases that comprise but one-half of 1 
per cent of the total w^eight of the gran¬ 
ite. And fully a third of the total ura¬ 
nium and thorium content is so loosely 
bound within the granite that it can be 
washed out with slightly acidulated 
water. Thus, within the framework of 
existing technology, granite can be 
processed at a net c'liergy gain equiva¬ 
lent to about 25 tons of coal for every 
ton of granite processed. Literally, the 
rocks of the earth’s crust are at man¬ 
kind’s disposal as a source of energy. 

This will have enormous conse¬ 
quences in the spread of technology, 
which, in turn, will have enormous con- 
secpieuces on the population that may 
be supported. A world containing thirty 
to forty billion people is by no means a 
wild flight of imagination. 

It would seem that the real limiting 
factors in the kind of world that we 
are heading lor do not lie in phenom¬ 
ena or processes outside of man but re¬ 
side within him~in purely aesthetic 
and ethical considerations. 

Assuming Brown’s premises, Osbobn 
suggested that consideration be given 
to what he called “human world strat¬ 


egy” and the notion that we should not 
lose sight of the need for far greater 
food siqDJulies from whatever process. 
In the interim of the next century we 
must encourage and activate as best 
wc can those existing agricultural proc¬ 
esses. The necessity arises because, pre¬ 
sumably, 60 per cent of the world’s 
people are now dc'voted to agriculture¬ 
utilizing proccss(\s that, in light of the 
world foreseen, wall be primitive. VVe 
lia\'e not yet sj^oken of the quality of 
living in a w^orld of a great number of 
persons. Perhaps we should consider 
that the values of wdiat w^e tend to term 
the “lesser” peoples do have better 
qualities of living than our own. We 
should certainly not lose sight of the 
fact that we do not w^ant to havt^ what 
w'c could cruelly call a human anthill 
on the face of the earth. 

Galdston related the protein theory, 
presented by Albrecht, to the human 
species, which has been adjusting for a 
million years or so to the wwld as it is. 
He suggested that we cannot take the 
gut, the teeth, the stomach, and the 
lungs of an organism and of a sudden, 
i.e., in a hundred years or so, change 
the nutritional patterns on which their 
development has been based. It is im¬ 
portant to take this evidence into ac¬ 
count in planning the development of 
synthetic foods and artificial products 
upon which man might subsist in the 
future. Smith added that the funda¬ 
mental psychology of man seems to be 
that he would rather eat what he 
pleases than adjust to some new form 
of living. 

Spoehr brought out that basic to any 
discussion of what is going to happen 
in the future is an understanding of 
the processes of change in our social 
and cultural systems. The complexity 
of the human factor must be much bet¬ 
ter understood before any prediction 
can be assigned with any degree of 
probability. The social sciences, for in¬ 
stance, are attempting to understand 



Discussion: Limits of the Earth 1087 


tlic major factors that control the re¬ 
jection or the acceptance of innova¬ 
tions. However, at the present time, the 
great insight of history has given us 
only apprehension, not comprehension. 

The great difficulty we face is that 
the investigator, as Sir Charles has so 
ne atly pointed out, is limited by the 
length of his own life, and this provides 
him with only partial information and 
incomplete understanding of the proc- 
e'sses of change. Finding that discussion 
of values tends to become diffuse, 
Si’oi:mr recommended Redfield’s phrase, 
“the moral order that governs relations 
among men.” To concern ourselves with 
moral orders is to translate values into 
behavior which can be observed, re¬ 
corded, and comjoared. It is in this com¬ 
parison of moral ordcas that perhaps 
we find the most prcjmising area of in¬ 
vestigation of processes of culture 
change. 

KniMM, in closing the sessiem, again 
referred to tlie differences in the rate 
of accc'ptance of culture change in the 
various parts of the world. The world 
is not one society with one economy 
and one means of communication. 
There is a geography of the rate of 
change, for there always will be differ¬ 
ences between parts of the globe and 
the rate at which changes will be ac¬ 
cepted. Perhaps if we build upon fun¬ 
damental differences in the rate of ac¬ 
cepting social change rather than build 
upon the differences between one part 
of the world and another, we would 
come closer to an approximation of the 
true picture. It might be a very healthy 
frame of mind in which to view man’s 
relation to his environment if it were 


approached with an expectation of di- 
\ ersityl 

At the session’s close. Tax claimed 
the floor and read into the record the 
following poem, composed by Bould- 
iNc; during the course of the discussion: 

A CONSERVATIONIST’S LAMENT 

The world is finite, resources are scarc e. 
Things arc bad and will be worse. 

Coal is biirnc'd and gas exploded, 

Forests c.*ut and soils eroded. 

Wells are drv and air’s polluted. 

Dust is blowing, trees uprooted. 

Oil is going, ores depleted. 

Drains rec'cave what is excreted. 

Land is sinking, seas are rising, 

Man is far too enterprising. 

Eire will rage with Man to fan it, 

Soon we ll havc^ a plundered planet. 

People breed like fertile rabbits. 

People have disgusting habits. 

'Moral: 

The evolutioiiar)' plan 
Went astray by evolving Man. 

THE TECHNOLOCIST’S REPLY 

Man’s potential is C]uite tc^rrific. 

You can’t go back to the Neolithic. 

The cream is there for ns to skini it. 
Knowledge is power, and the sky’s the limit. 
Every mouth has hands to feed it, 

Food is found when people need it. 

All we need is found in granite 
Once wc have the men to plan it. 

Yeast and algae give us meat. 

Soil is almost obsolete. 

Men can grow to pastures greener 
Till all the earth is Pasadena. 

Moral: 

Man’s a nuisance, Man’s a crackpot. 

But only Man can hit the jackpot. 
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lllE HKEEVANCK OF TOTAL 
lIlTMAlsr ACTION 

Cliairinan Lewis Mumford intro¬ 
duced the discussion session as that 
23art of the symposium not devoted ex¬ 
clusively to facts and to truth of a sci¬ 
entific order but lying more in the 
realm of dialectic. As such, it should be 
conversation, argument, dialogue—an 
exchange from one person to another, 
with due acknowledgment of every¬ 
thing that science can give us, but with 
even greater respect for the human con¬ 
stitution, human desires, human dreams, 
human purposes, and all those cate¬ 
gories usually excluded, for a good 
purpose, from the method of science. 
This discussion is to deal with a larger 
reality than that dealt with by the 
method of science; it is to include the 
subjective, the inner, the inaccessible, 
the individual, and the all-too-com*plex. 

Looking back over the history of spe¬ 
cies, we see that all animals have been 
in a process of self-transformation. We 
do not understand very much about the 
mechanism, but wc know that the re¬ 
sult has gone steadily on. In the higher 
orders there certainly has been an in¬ 
crease of direction, an increase of intel¬ 
ligence, and, finally, in man, an increase 
of self-consciousness. Hie change man 


works upon himself now becomes the 
equivalent of what nature has been ca¬ 
pable of doing over a million years or 
so. 

A question to ask ourselves is: What 
is the quality and variety of the fin¬ 
ished product? Gan we get anything in 
the way of desirable quality? Can we 
get anything in the way of interesting 
variety through the mere mechanical 
multiplication of human beings? Some¬ 
thing else enters into our cmculations 
that we have to consider in detail. 

As to the method of considering it, 
we do not leave the world of the natu¬ 
ral sciences behind us by any means. 
To do that would be to repeat the error 
of Socrates. But neither do we commit 
ourselves to the opposite bias of Thales: 
that of concentrating exclusively on the 
physical world. Rather, we renew and 
enlarge the tradition of Aristotle, who 
sought to embrace both man and na¬ 
ture. Speaking in the tradition of Aris¬ 
totle, we find that the natural sciences 
that Socrates despised teach man a 
great deal not only about the earth it¬ 
self but ultimately about his own con¬ 
stitution. He is a part of nature and 
participates as a working partner not 
merely with the trees, rocks, and clouds 
but with the animals and the plants 
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and the microscopic organisms. The 
anthropological sciences extend this 
knowledge. 

On the one hand, then, we renounce 
the self-centered humanist tradition of 
regarding the natural world as sepa¬ 
rated by a great barrier from the world 
of man. Neither world is conceivable 
without the other. Once this unity is 
granted, we have in compensation the 
privilege of returning to the natural 
world with knowledge that we have ac¬ 
quired about this more complex crea¬ 
ture, man; we may even use “inside 
knowledge” that wo. acquire in ways 
sometimes not open to purely scientific 
method in interpreting the less complex 
phenomena in terms of the so far final 
end product—man himself. As man’s 
own self-knowledge increases, his com¬ 
mand of the various aspects of nature 
increases too. 

There is a point that Northrop has 
added, one originally cstabli.shed by 
Immanuel Kant, that language, logic, 
mathematics, and even ethics have en¬ 
tered into the formulation of anything 
that can be called “natural science.” 
We cannot use the concepts of natural 
science until concepts themselves—the 
symbols of language—are invented. 
Without the tools and methods of the 
humanities, the natural sciences could 
not take off from the ground. Intelli¬ 
gence itself is subject to other forms of 
human creativity. The sciences exist not 
in a world of their own but in a world 
made possible by the development of 
humanistic thought and by the devel¬ 
opment of man himself as a language¬ 
using, idea-communicating, symbol-cre¬ 
ating, ideal-projecting, structure-build¬ 
ing being. 

The sciences very properly deal with 
that aspect of the future which is re¬ 
vealed in the causal process. Whether 
nature or man is under observation, 
they deal with regularities, with uni¬ 
formities, with things that lend them¬ 
selves to quantitative and statistical in¬ 
vestigation, because they are mass phe¬ 


nomena and exhibit beautifully that 
kind of order. We necessarily follow 
that method in order to understand 
those probabilities, for that kind of re¬ 
liable predictive knowledge widens our 
control over the environment. 

Necessarily, therefore, we began our 
discussions of “Prospect” with the lim¬ 
itations imposed by the nature of the 
earth, the amount of energy available, 
the possible populations it might con¬ 
tain, and all things about which w^e 
have, at least, the beginnings of statis¬ 
tical knowledge and a method of deal¬ 
ing therewith. But, if any tendency that 
is statistically measurable is extrapo¬ 
lated, the risk is of overrating what is 
near and known and of ignoring fac¬ 
tors that are remote, hidden, or so far 
unknown. Such statistical predictions 
will have the very highest degree of 
probability during the next five min¬ 
utes, but during the next year, and the 
next hundred years, and so on, they 
will have a steadily lessening degree of 
probability. 

On the other hand, there is the future 
as created and as remolded by autono¬ 
mous human activity. This is the future 
for which the causal method is useless 
as a tool of investigation. It depends 
upon knowledge of the nature of man; 
it depends upon an understanding of 
his purposes and his projections and 
his ideals or his qualitative reactions. 
This is the directive and goal-project¬ 
ing part of the future. If man had only 
to consider his own desires and needs 
without resj^ect to the actual nature of 
things, we would discover that there 
are almost unlimited numbers of alter¬ 
natives. Life presents us with an as¬ 
cending grade of possibilities: the 
more successful living organisms are, 
the greater the number of potentiali¬ 
ties they disclose. Life itself presents 
more possibilities than does non-living 
matter. Living organisms grow, they re¬ 
produce, they react, they remember, 
they learn; and, as they get higher in 
the scale, they organize, they construct. 
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they anfiVipaty. 

forms, and paitknla.lv Iminan Id. , has 
a mnch widnr ran-n- .1 possibility than 
imornaiiizod matt, r, so, similarly man 
hns pcissihilitit fhut 7i()t incJucicd 

in purely ovixunic Junus: the possiJyiJi- 
ties thill coin(‘ fnun his consciousness, 
from his di'tnchiru'iit (by ciiltiiro) iroin 
his or/c^iiKi/ hiolo^icul nature, from liis 
incT('usiii(j; anfonomv and his gro\viii<T 
collcctivf' desire to steer his own course. 


Perhaps the real future is a vector of 
the i^rohahle and the possible, of the 
objc’cti\'('Iv allowal^le and the snbjec- 
tivelv desirab]('--in so far as tlie latter 


press(‘s tow’ard action. To understand 
what th(‘ real (nture is going to be at 
anv inonK'iit, it is necc'ssary to nnd(‘r- 
stand not only all the probabilities, all 
the factors in the given situation that 


share of the English landscajK*. \]1 ti; 
was the result of fresh aesthetic pf'U ( : 
tions that existed at first only in ti; 
minds of the sevcmtcumth-centurv jiain 
ers and some of the Italian paintci 
ahead of them. So, too, politics^ law. 
and edueation—all these tend to modify 
man's own culture and, by altering; his 
nature, his direction, his purpose, his 
goals, also tend to modify the earth. 

The (^arth as modified by man's total 
actions is therefore the subject of our 
discourse, and so we dare to ask om- 
sc'lves something that we must not ask 
in (ta ins of a purelv scientific mt'thodol- 
ogv: What kind of earth do we want? 
Wliat kind of men do we want? What 
forms of life do we want hert'? This is 
a point where ideal-projections, whieh 
mathematics uses so easily when it is 


will continue through inertia, but also 
things in the nature of man, the social 
mutations that are going on, the einer- 
gents that are coming forth, and the 
frc'sh id(‘as that are being born which 
will d(.‘flect the statisticallv probable 
futures toward the actual future. Man's 


dealing with less cornplicatc'd things 
than human society, might b(i veay usc‘- 
ful. We might ask ourselves: What are 
the possibilities for life in a population 
l<\ss than we have now—a population of 
five hundred million? What are they at 
two billion? What would they be at 


satisfaction with the future depends 
largclv on the ratio of the possible and 
dc'sirablc? to the given and inevitable. 
II he had to submit himself abjectly to 
life as it was structured in the past 
without any possibility of altering it, he 
would lose one of his attributes as a 
living being. 

Wc’ are dealing, therefore, with the 
earth :is modified by human action, in 
its totality, not just by human action in 
the form of science, teclmology, eco¬ 
nomic institutions, but also as mo.dified 
by religion, by ethical principles, by 
education, and by art. For example, 
think of how the natural environment 
in England was modified by the school 
of landscape painting that arose in Hol¬ 
land and in England in the seventeenth 
century. Under the guidance of land¬ 
scape gardeners these fresh intuitions 
of naturalism transformed great estates 
and finally modified an even larger 


five billion? What would they be at 
sixty billion? Changing one factor in 
the situation could lead to the creation 
of a very useful series of abstract uto- 
])ias which might guide us in the deci¬ 
sions to be made about the population 
question, although we woidcl certainly 
require further guidance when we took 
in a larger sector of human life than 
reproduction alone. 

Tlien we should a.sk ourselves: What 
are the results from the present tend¬ 
ency toward uniformity and standard¬ 
ization, toward a decrease in variety, a 
decrease in the power of selection? Our 
institutions today tend to establish our 
recent technological civilization as a 
norm. But is it a norm? Is it permanent? 
Will this suffice for a creature who has 
such a rich and varied biological and 
social past as man. Or would he, when 
faced with some final utopia of the ma¬ 
chine, feel about it the wav certain 
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primitive tribes in the South Seas have 
iclt about the earlier blessings of that 
civilization? Would he just sicken and 
die at the prospect of living under those 
circumstances? There is the possibility 
( ither that we might commit atomic 
suicide—this has a rather high degree 
ot probability if we continue along our 
present course—or that we might even 
have an earlier reaction against our me¬ 
chanical civilization in the form of 
boredom. That our highly technological 
civilization does not tempt a sufficient 
number of high-school students to 
study mathematics and physics should 
give pause. Is this lack of interest to be 
the weighty brake upon its continued 
expansion? 

Consider the state of mind of a per¬ 
son in the third century a.d. toward the 
great Homan Empire and all its tech¬ 
nological improvements, all its appa¬ 
ratus of learning, all that made it a 
great civilization. Most Romans would 
have thought—indeed some actually 
said—that their civilization would last 
another thousand years. There is a little 
third-century dialogue—the Octavius of 
Minucius Felix—between a pagan and 
a Christian, comparing paganism with 
the new creed. As we read that dia¬ 
logue, we see that the pagan has the 
better of the argument: he is defending 
Rome, defending the culture of Rome 
against wicked barbarians, these slav¬ 
ish Christians who would undertake to 
destroy it. And, as the dialogue ap¬ 
proaches the climax, the modern reader 
would say, “This rational Roman, of 
course, is on the right side.” And just 
at this moment the pagan falls fiat on 
his face, as it were, because he realizes 
that the new forces of life are on the 
side of the Christian, and he is con¬ 
verted to the new creed. 

This means that Rome fell, in the 
minds of the Romans, before it was 
sacked, long before the barbarian 
hordes came on. And so our civilization 
might fall, in the minds of those who 


arc now supporting it, if the dissatis¬ 
factions, the fears, and tlie frustrations 
that arc \isible today coiitinui' to mount 
up. Let the subject for debater then be: 
"Resolved, That it seems impossible 
to change the direction and impetus of 
our technological civilization.” In open¬ 
ing this session, Mumford said that he 
had followed the method of Thomas 
Aquinas by first presenting the con¬ 
trary argument. lie believed that the 
man perhaps best fitted to speak for the 
affirmative—on the basis of his previous 
work and thought—was Seidenberg, 
who in his book Post-historic Man car- 
ri(‘d our present technological civiliza¬ 
tion to its ultimate ideological and 
practical conclusions. 

TIIK DOMINANCE OF INTEEl.IGKNCE 

Seidenberg began the presentation of 
his point of view by saying that cus¬ 
tomarily we are not inclined to make 
serious comments about the future; we 
feci that modesty requires that we say 
that we do not know about it. None¬ 
theless, the future deserves a little more 
critical thought, if only because it may 
be said that the futine has descended 
upon us to a degree that is unique in 
history. 

It is doubtful whether in the past 
man has ever concerned himself so con¬ 
sistently with the future as he does to¬ 
day. One reason perhaps is that, in a 
civilization or a culture which has at¬ 
tained a certain stability, the future, 
which is going to be similar to the past, 
evaporates as a problem. But, in a civi¬ 
lization or culture subject to increas¬ 
ingly rapid change, the future impinges 
upon us. Perhaps we are approaching 
some kind of climax. We seem to be 
going through not a transitional stage 
but a moment of transformation. We 
are no longer confined to time, as we 
were when we spoke of the present or 
past. We are still on earth, but time is 
now a free affair. 

In approaching the future, we must 
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take into consideration tl )0 length oi 
curve into the past. It our background 
is only that of a few decades, our esti¬ 
mates of the next decade may be quite 
wrong; but, if we include as back¬ 
ground the trends over several millen¬ 
niums, the chances are that our pre¬ 
dictions may be a little firmer and may 
carry us for a century or two. Specific, 
isolated phenomena are a matter for 
crystal-gazing and prophecy. But be¬ 
neath phenomena, in the future as in 
the past, th(^re lies a certain structural 
cpiality to life. I’herefore we do vv^ell to 
confine ourselves to the more abstract 
and structural considerations in talking 
of the future. 

Naturally, when we come to the do¬ 
main of man liirnseK—the most unpre¬ 
dictable of all the lohenomena with 
which science must deal—we become 
more humble in our predictions. None¬ 
theless, the effect of intelligence, which 
perhaps distinguishes man in his func¬ 
tion from the animals, has been to 
make possible a cumulative knowledge 
which in turn acts as a “fulcrum"’ for 
tlie “lever” of intelligence. If we take a 
sufficiently long range, we can say that 
man, owing to his intelligence, has pro¬ 
gressively changed outwardly in his 
mode of life. Anthropologists will bear 
out the fact that certainly in historic 
times the intelligence of the individual 
has not changed perceptibly, and it is 
perhaps questionable that it will change 
in the immediate or even long-range 
future. But intelligence has had the 
most amazing results and conse?quences 
in the manner of life of man. Presum¬ 
ably this will continue to operate in the 
future as it has in the past. 

Technology can be defined as the use 
of intelligence in respect to the artifacts 
and living of man. Technology has 
reached an explosive stage, and the 
probability that man will continue to 
maintain and even develop his tech¬ 
nology seems fairly certain. The line of 
intelligence which stems from far back 


the Face of the Earth 

into the history of mankind can be pro 
jeeted beyond the present moment oi 
technological development. 

This symposium principally has 
asked: What was the role of man in 
changing the surface of the earth? Now, 
thanks to this technological factor, we 
might say: Wffiat are the effects of a 
changing world upon the condition of 
man? This brings in the whole social 
point of view with what has gone be¬ 
fore. 

Percy Bridgman defined science as 
the application of intelligence. The 
machine is the result of intelligence, 
and today, in contrast to the past, in¬ 
telligence operates unencumbered. We 
have learned through science to be 
completely objective in the face of phe¬ 
nomena. We have no preconceived 
ideas. We sinq^ly use intelligence as a 
method of arriving at our conclusions. 
Though this be only half the world of 
thought, science is the half which now 
to a large extent dominates our effec¬ 
tive thinking. 

Perhaps the distinction between 
modern man and past man is that, 
whereas man in the past had nature as 
an environment, we of today have a 
twofold environment. We have nature, 
but we have with increasing intensity 
another environment which might be 
called the “laws of nature.” The laws of 
nature are the result of our scientific 
appreciation of nature, and we have 
adjusted ourselves increasingly not to 
nature directly but to the laws of 
nature. Formerly, it was the natural 
scene about us that was our environ¬ 
ment. 

It is important to observe in respect 
to those laws of nature that, although 
we ourselves change them on occasion, 
as Einstein somewhat amended the 
laws of Newton, nonetheless they have 
a tremendous momentum. They are a 
rock-bottom foundation for our scien¬ 
tific thinking, and, in so far as they are 
universally accepted, these scientific 
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principles tend to unify the world such 
as has never happened before. In other 
words, our secondary environment is a 
kind of universal environment and in 
that respect differs directly from nature. 

One of the results of technology and 
perhaps one of the main requirements 
of technology in order that it might 
function with the highest degree of effi¬ 
ciency is the matter of predictability. 
In the ecological equation man seems 
to be perhaps the least predictable ele¬ 
ment. In order, therefore, to reach a 
more stable equilibrium, man will have 
to subject himself to increasing predict¬ 
ability, and this will in turn result in in¬ 
creased organization. How far that will 
go no man can say, but perhaps the 
great problem of the futiire is the prob¬ 
lem of human organization. 

Miimford has emphasized the un¬ 
known potentialities that may well 
affect man's further development. In 
view of man’s past history, with all its 
magnificent examples of self-transcend¬ 
ence, it would seem like a denigration 
of human nature to question the valid¬ 
ity of such an approach and such an 
attitude toward the possible course of 
man’s future. Plainly, despite the in¬ 
numerable futures that may seem open 
to man, he will have in fact but one 
future. How are we to assess that 
future? In the face of the profound tur¬ 
moil of the present world and in view 
of our deep sense of an impending cli¬ 
max to the whole of our past develop¬ 
ment, we are perhaps justified, if in¬ 
deed we are not compelled, to examine 
once more the whole perspective of our 
long development, covering not only 
the historic period but the entire range 
of our course since we deviated from 
the biological hierarchy as Homo 
sapiens. The extrapolation from the 
past upon which alone our predictions 
concerning the future can rest must be 
based upon the widest possible view of 
our own unique development. In this 
vast perspective the historic phase of 


man is seen to be a relatively short, 
late, explosive phase, the full meaning 
of wliich we have not yet clearly com¬ 
prehended. Conceivably, the historic 
phase as we have known it may thus 
prove to bo a passing phase—a high 
moment of brilliant efflorescence, of 
profound conflict, of extraordinary con¬ 
tradictions and unfathomable para¬ 
doxes. Indeed, man seems bv everv 
sign of the times to be entering upon 
a whollv new direction in his develop¬ 
ment. The clear curve that may be 
plotted for the course of prehistoric 
man rises abruptly in a scries of jagged 
deviations until, in our day, we have 
come to ask with more concern than 
assurance, “Whither mankind?” 

The very scope of the problem here 
indicated demands the most rigid con¬ 
densation. We may say at once that the 
influence of intelligence, operative 
throughout the entire range of man’s 
past development, has at long last re¬ 
sulted in the high technological culture 
of the Western world. But this attain¬ 
ment is plainly destined to aflFect the 
whole of mankind. And though, ob¬ 
viously, it is but one aspect of man’s 
multidimensional nature, it represents 
the dominant phase of his present con¬ 
dition. More cleeply, man has attained 
through his cumulative knowledge, his 
scientific advances, and his awareness 
of his own past a growing sense of 
consciousness, of deliberate power and 
command over nature, a dynamic cog¬ 
nizance of his own self in a world of 
universal laws. If in the remote past he 
adapted himself to the exigencies of 
nature along with the rest of the bio¬ 
logic hierarchy, he has at last reversed 
this status in his present command 
over nature. Thus he is rapidly adapt¬ 
ing his environment to his demands; 
and, in harnessing the energies of the 
world, he seems at length to have 
stepped upon a stage of unbounded 
and unimagined vistas. 

This fair vision of nineteenth-centurv 
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progrtss is open to tnisuspectcd limita- 
tions, however. Usunll}' these luive been 
pictured as arising out of the depletion 
of natural resources -the denudation of 
the surface of the earth, the exhaustion 
of fossil fuels, and the loss of irreplace¬ 
able metal and mineral resources in the 
face of an ever expanding human popu¬ 
lation. There are, of coTirse, counter¬ 
vailing arguments in this equation, 
based on further advaneexs in techno- 
logiea] knowledge, as, for example, in 
the definite possibilities of improved 
agriculture and the unplumbcd re¬ 
sources of atomic and solar energy. The 
problcan as a whole constitutes what 
might be termed the “ecological dilem¬ 
ma” of man. Allowing for some grave 
and perhaps eventually insolvable dif- 
ficulti(‘s with respect to the ultimate 
availability of certain natural resources, 
the ecological dilemma of man—viewed 
in its larg(‘r aspects—raises a problem 
of a totally different nature, however, 
in regard to its repercussions upon the 
structure and character of human soci¬ 
ety. Here we touch upon a phase of the 
futiirt' of man which, dramatically illus¬ 
trated bv his ecological situation, 
threatens in fact to dominate his entire 
furtlu*!' development. For the moment, 
in terms of the argument here pursued, 
it may prove advisable to state the 
problem within the confines of its eco¬ 
logies] framework. Basically, it may be 
said that the ecological problem of 
man, as of all species, arises out of two 
primary instincts: those of hunger and 
sex. These are universal instincts, com¬ 
mon to the life of each individuah.Mul- 
tiplit'd as the world is presently consti¬ 
tuted hv two and one-half billion times, 
and in the discernible future by per¬ 
haps two or three times that number, 
the problems arising out of these in¬ 
stincts cannot possibly be resolved by 
them alone. On the contrary, the only 
solution to their challenge, apart from 
that which nature imposes blindly, lies 
with human intelligence. And here we 


c-oine upon the great and decisive fuL 
tor in the further possible development 
of mankind. For the chaos, the ch'feat, 
and the disaster implicit in man s ec o¬ 
logical situation can he averted onlv 
in the' last analysis by his intelligence. 
Thus his future survival will come to 
depemd upcm the deliberate and con¬ 
scious exercise, on a world-wide scale, 
of his originally secondary but now 
dominant psychic componcait—his fac¬ 
ulty of intelligence. 

It is worth observing, liowcvcr, that 
intelligence does not inevitablv lead us 
wherever we may wish to go but onlv 
where, under anv given set of circum¬ 
stances and conditions, we can at best 
go. lake all else in this conditioned 
world, intelligence is not a miraculous 
panacea but merely a method of opera¬ 
tion and procedure. In respect to mass 
problems, it implies an evc'r greater 
measure of organized modes of opera¬ 
tion. It is not without significance that 
in the world of contemporary Western 
man both intelligence and organization 
have received a kind of uncritical axio¬ 
matic acceptance, as though their func¬ 
tioning in human affairs exacted no 
commensurate price and imposed no 
commensurate limitations. Actually, 
their unquestioned acceptance in the 
world of today represents a historic 
phenomenon of unprecedented signif¬ 
icance for the future condition of man¬ 
kind. In following the dictates of intelli¬ 
gence, in accepting the vehicle of or¬ 
ganized procedures, we are, it is clear, 
entering upon a profound transforma¬ 
tion in the basic structure of human 
society. The drift toward increased or¬ 
ganization in every aspect of life is the 
direct consequence of a machine tech¬ 
nology. Thus modem man is destined 
to move, irretrievably it would seem, 
toward a state of increased collectiviza¬ 
tion under the impact of his technol¬ 
ogy. In harmony with the predictability 
of his machine world, he too is ap¬ 
proaching a condition of ever more 
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precise and at the same time* ever more 
inclusive predictability. And under the 
impetus of this trend the individual as 
such— the source and fountain of man’s 
hit!;her values—will find himself pro¬ 
gressively reductid to the status of the 
common denominator of society as a 
whole. The ferment of creative self- 
realization and self-transformation will 
suffer a gradual decline, and mankind 
as a w'hole may thus be subject to a 
kind of spiritual and psychological den¬ 
udation in the very process of achiev¬ 
ing a secure and permanent niche in 
the ecological challenge of life. 

There are, finally, reasons for believ¬ 
ing that history, like evolution in gen¬ 
eral, follows an irreversible course. 
Under these circumstances it is con¬ 
ceivable that man may ultimately suffer 
the loss of that earlier wisdom of his 
non-technological civilizations which 
sustained and nourished his higher 
values and his more intuitive relations 
to nature. Under the dominance of a 
rationalistic approach to life and its 
problems, he may imperceptibly forego 
the deep inward sources of his spiritual 
values and, along with them, the inde¬ 
finable sources of his profoundest as¬ 
pirations until it is too late. The dichot¬ 
omy between his intuitive and his ra¬ 
tional psychic components, far from 
being resolved in some higher synthe¬ 
sis, may well become fatefully dis¬ 
rupted in the eclipse of his intuitive 
faculties and the final dominance of his 
rational self. Man thus seems destined 
to approach ever closer to an ultimate 
condition of relative fixity and perma¬ 
nence—to an unchanging “plateau” 
existence. However dismal such a fate 
may seem to us, nourished as we are 
upon the values of the past, we cannot 
do other than to continue to respond 
to the challenge of life as if those values 
were to prevail. Mumford has lightened 
the stark vistas of the present with 
courageous hopes in the hidden possi¬ 
bilities of mankind: let us face the 


future in all its darkest probabilities 
with an c‘ven greater call upon our 
courage. Such, it seemed to Sku)knberg, 
is our prospect. 

It appeared to Glikson in a general 
way that man’s historic development is 
a form of transition toward a stage 
where man by his intellectual develop¬ 
ment learns the laws of nature and uses 
the power he gains by this knowledge 
to overcome the limitations set by 
nature. But in an earlier stage, as we 
ki low from this and that specific place, 
man used ewen better his intellectual 
potentialities to find his place in the 
natural cycle of energy. 

From the previous stage we see a 
general transition toward a disorgani¬ 
zation of society and toward a certain 
stage of emergency. Some geographers 
are of the opinion that in primitive so¬ 
ciety man enters into a direct connec¬ 
tion wa’th his natural environment, 
whereas in civilized society man enters 
into relation with his social and eco¬ 
nomic environment. This idea of a 
“cushion” between civilization and en¬ 
vironment is true and is not true. It is 
not true in the sense that man never 
ceases to live on the earth. On the other 
hand, the “cushion” idea is true in so 
far as we no longer are conscious that 
we really live on the earth. We are con¬ 
scious only that we live in a certain 
socioeconomic system, but without di¬ 
rect realization of its basis. 

Glackf.n commented on Seidenberg’s 
theme that there has been a progres¬ 
sive accumulation of knowledge owing 
to the application of intelligence, that 
this is leading us to a greater and 
greater social organization throughout 
the world, and that this is more or less 
inevitable. Perhaps, Glacken thought, 
the future development of mankind 
does not lie in the universal extension 
of this social organization. Other non- 
Western cultures might be far more 
selective in the future in their borrow¬ 
ings and their adaptations. Perhaps the 
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best illustration of what 
was the experience the Japanese 
the end of the Tokugawa shogunate- 
at the Meiji rcstorHUon in .186S—\vhen 
the adaptation and adoption of West¬ 
ern ideas was very si'Icctive indeed. 

TIIE RESl'OXSJBJLITY OF FREEDOM 

Knight, in writing, thought it worth¬ 
while to follow up a statement by 
Northrop that "man cannot get away 
from what he knows.” He was quite 
out of sympathy with the bewailing by 
modern civilization in its yearning for 
something in the past that man is sup¬ 
posed to have had but lost and in its 
looking to the future with gloomy fore¬ 
boding or prophc'cy of doom. In no case 
can the past course of events be re¬ 
versed, nor would any reasonabk^ per¬ 
son so desire even if it were possible. 

In modern times the Western world 
has certainly made progrc'ss at a phe¬ 
nomenal and increasing rate in terms 
of nearly any namable aspect of cul¬ 
tural values compatible with truth and 
freedom. The difficulty is that we have 
experienced so much improvement at a 
speed so rapid that it has not been fully 
digested. People have come to expect 
far too much; they make demands with¬ 
out inquiring as to possibilities or costs 
and in consequence are more discon¬ 
tented than before. For example, in a 
few generations the spread of free edu¬ 
cation has destroyed the former class 
monopoly of education and has made it 
intensely competitive. To many of 
those affected, that naturally means 
"cutthroat” competition and calls, for 
monopoly as a way to restore "order.” 
But would any reasonable person ad¬ 
vocate restoring a small and limited 
learned caste? How does he think it 
could be done, as to selection of those 
to be admitted as members or shut out, 
and how would the monopoly itself be 
organized? 

In a lifetime of professional effort in 
a broad sector of social science and 


philosophy, Knight asserted that ] < 
had reflected a good deal on this muck 
bruited question of "what is the mattcf 
with man, or the world, or both. Ori< 
thing we now know and cannot get 
away from is that the two were not 
made for each othei', or either for tlic 
other. Man was not evolved in, or b\, 
or for the kind of environment in 
which "progress” has placed him in the 
Western world of today. On the con¬ 
trary, while man has remained biolog¬ 
ically the same, his “habitat,” including 
especially his human relations, has 
changed in a revolutionary way, invert¬ 
ing many of the most fundamental con¬ 
ditions and values. And this hrs hap¬ 
pened with unexampled suddenness in 
terms of historical time and in compar¬ 
ison with the conditions prevailing 
throng] 1 thc^ long previous existence of 
this species. Ancl we seem to stand on 
the threshold of even greater and more 
rapid change. To think here and now 
of all the different and contradictory 
things man is, individually and in the 
world around, of how he could have 
got that way and what he may or 
might become, is to feel overwhelmed 
with a sense of mystery. 

The very first requisite of human so¬ 
cial order and its first task is to decide 
who is to communicate (talk or write) 
and who is, or are, to give attention. 
One of the main weaknesses of our 
technological civilization is that ma¬ 
chines and electronics have multiplied 
the effectiveness of transmission practi¬ 
cally to infinity—one person could now 
speak to or write for the whole race— 
but have done nothing to increase the 
capacity of listening (or reading). But 
there is nothing that could have been 
done or can be done about that; hence 
(again) no point in complaining. It 
also needs emphasis that many kinds of 
subject matter besides "truth” are in¬ 
volved; fiction of many kinds, poetry, 
wit and jest, like truth itself, may be 
"good” or "bad,” depending on time. 


Mans Role in Changing the Face of the Earth 

might happen 
had at 
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place, and occasion. In fact, most “ex- 
pic^sion’" is more or less figurative. 
What is needful is to keep the distinc¬ 
tions fairly clear and to apply the 
appropriate criteria of judgment, which 
are very different. 

Our culture is manifestly in a state 
oi transition, in a new epoch, which it 
entered with the coming of liberalism, 
roughly at the time of the “Enlighten¬ 
ment.’* This ended an intermediate his¬ 
torical “stage,” itself relatively short, in 
which the earlier and much longer 
period of authoritarianism of “the 
church” (speaking of Western Europe 
and its colonies) was replaced by that 
of “absolute” states. These were not, in 
general, intentionally more ‘liberal” 
than the church had been (i.e., not at 
all), but their competitive position 
forced them to tolerate and even to 
encourage science and scientific tech¬ 
nology and trade, for these furnished 
the sinews of war; but they were also 
the main ferments of “modernism.” The 
intervening epoch was one of “wars of 
religion,” actually and increasingly, 
over political, dynastic, and even eco¬ 
nomic interests in which none of the 
protagonists wanted or even believed 
in toleration, not to speak of freedom. 
Liberalism came when and because it 
was found impossible for any religion 
or sect to suppress or exterminate the 
others, and people got tired of the 
senseless strife and destruction and 
turned to other interests. Thus “history” 
moN’es in mysterious ways its wonders 
to perform. 

This modernism, we must recall, 
when fully developed, involved a vir¬ 
tual Umwertung atler Werte. First and 
most important, it established freedom 
of the mind in place of dogmatism, au¬ 
thoritarianism, and persecution. With 
this replacement went that of super¬ 
naturalism by naturalism and of a pes¬ 
simistic view of human nature (original 
sin) with an optimistic view—a faith in 
human reason and essential goodness. 


Such naivete is hard to imagine, now 
that we have swung so far back in tiie 
opposite direction, but it was real. Fur¬ 
ther, economic freedoms and rights re¬ 
placed regimentation by some combi¬ 
nation of church and state. Finally, po¬ 
litical democracy replaced the divine 
right of kings (which previously had 
effectively replaced the divine author¬ 
ity of the priesthood). Democracy 
came to embody general ideals of 
equality and betterment, which re¬ 
placed those of a class or caste society, 
in which everyone was thought to be 
providentially called to work out his 
lot under an eternal and immutable 
law within the social position into 
which he was born. Progress would 
come through rational action, individ¬ 
ual and collective, based on advancing 
knowledge acquired tljrough free and 
critical inquiry, which would replace 
belief through faith in a truth and a 
social order divinely given once and for 
all in the remote past. In short, man 
“fell” from ignorance and irresponsibil¬ 
ity (except for avoiding the sin of non¬ 
conformity and disobedience into 
which he had “fallen” immediately 
after creation) into the opposite state. 
Whether it was really a fall or a rise is 
the crucial question. The attitude of 
bewailing it as a fall rests on accepting 
the poetic principle that “where igno¬ 
rance is bliss, 'tis folly to be wise.” Or, 
as put by another poet, “men would 
cast off the burthen, the heavy and the 
weary weight of this unintelligible 
world, in favor of living in a pink fog 
of mysticism.” Knight, being a liberal, 
regarded such sentiments as an expres¬ 
sion of the Freudian death urge. But 
they are fine as poetry, if they make 
good poetry and are not taken for any¬ 
thing else. 

To be more specific about the diag¬ 
nosis of modem man and culture, 
Knight found two things in particular 
“the matter.” The first is an essential 
aspect of the appearance and growth 



3098 Bf'l' Lhongin 

of kiiouledgo. For «'iitnrirs 

from tlic fall of flas, ai civ.hzalion to 
the adrcnt of lilK oili i,i or moclornism, 
Wooten mao IkhI /la r/// the an^^^ors. 
lie knew the iil^solntt iinswer to every 
(pit'stion nJyont lite niid about death 
and the hereniter. (' kno\\\ of (Oiirse, 
that tht'v were not alls^^'C^s and that ho 
got answers Iw refusing to ask real 
f|iic'stions or to Jook critically at tradi¬ 
tional ansuors that were lianded out by 
a traditionally ostahlisliod authority—or 
to look critioalh^ at the history or cro- 
dontials of that aiitliority. Tlio answers 
and tlie status of the aiitliority were 
enforced; one who raised any question 
W’as assured of etc'rnal torture and of 
tlie elosest feasible approximation to 
“Ik'H” in the present world. ITowevc'r, 
for the most part, the answers satisfied 
Western man. In contrast, now we 
know that there is no finally satisfac- 
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the world. It is indeed much harder t 
live under a law that is irub^terminal 
and constantly changing tban uridf 
one that is dcRnite and Bxed; and it i 
harder still to exercise collective re 
sponsihility for the changes themselves 
Still more immediate problems arise 
from a rapidly changing technology, 
whieli at any moment is known only in 
hits by a myriad of specialists in dif¬ 
ferent branches, whom the plain man 
must trust for information on nearly 
any problem that he encounters. More¬ 
over, these authorities do not agree, as 
he finds if he consults more than one, 
and he must use his judgment as to 
which one to follow. All these matters 
were certainly mueli simpler in a primi¬ 
tive society or in the Middle Ages—be¬ 
cause pcKiple were obli\'ious to facts or 
fatalistically accepted the ills of life as 
'‘the will of God.'* Modern civili/ation 


toiy answer to any serious question but 
only “bt'tter or worst'” answers for the 
tim(' being and within local and cul¬ 
tural boundaries. The dark-age state of 
“bliss” for which people yearn was one 
of complete absence of freedom of the 
mind. This freedom, basie to all free¬ 
dom, had j'lrevailed in large measure in 
classical antiquity but had disappeared 
with the “triumph of barbarism and 
religion.” On this history we may con¬ 
sult J. B. Bury’s little Histortj of Frcc- 
doiu of Thought or Lord Acton’s essays 
dealing with the topic. 

We also know, it is true, that quite 
terrible K'sponsibilities are placed on 
the .shoulders of man, and particidarly 
the famous “common man,” with, this 
awakening to the knowledge of his 
ignoranci’ and fallibility by the “un- 
chartered freedom,” which many find 
“tiresome” and long to exchange for life 
in a pink fog of mysticism. There are 
indeed many responsibilities—intellec¬ 
tual, economic, and political—involved 
in living in a social order of freedom, 
with its concomitants of change and 
mobility in \'ast communities and over 


has chosen (or history has given us) 
the alternative of recognizing our ills 
as presenting problems to be faced and 
of doing what we can do effective!v to 
remove them. 

It is historically convenient to date 
the coming of modernism at the En¬ 
lightenment—the period of revolutions 
in which our nation w^as born, as was 
“political economy”—but such a date 
understates the recency and sudden¬ 
ness with which these conditions which 
create our current problems have come 
upon us. Modernism in a stricter sense, 
especially the democracy of equal suf¬ 
frage and contemporary technology 
and business organization, developed 
gradually through the nineteenth cen¬ 
tury and at an accelerating pace. The 
mood of disillusionment, our concern 
of the moment, is a phenomenon of the 
present century, particularly of the gen¬ 
eration since World War I. It was not 
at all the mood of the Enlightenment, 
which was rather the opposite: one of 
buoyant hope and confidence. At that 
time, particularly in revolutionary 
France, men believed that Reason 
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(spelled with a capital R and asso- 
(‘iat('d with innate moral or sentiiraaital 
croodness of human nature) was ex- 
p('cted to solve human problems if only 
the “shackles” of tradition and authority 
could be broken and “freedom” estab¬ 
lished. However, the aftermath of the 
rcwolution, particularly in Europe, and 
also of the contemporary industrial 
revolution in England, with the libera¬ 
tion of businc'ss enterprise, was the 
first phase of disillusionment. 

To freedom as mere negative libera¬ 
tion, the ninc'U'cnth century soon addc'd 
in the West the positive right of ewery 
liiiman bc'ing to education, regardless 
of family or means, at the expense of 
“society,” meaning those members offi¬ 
cially deemed most able to bear the 
burden. This program was rapidly J^ut 
into cflect at tremendous cost, notably 
in this country. But neither did that 
lead to any utopia of liberty, fratc'rnity, 
and equality; in particular it did not 
allay discontent, which rather increased 
with the prodigious advance in knowl¬ 
edge. So another “solution” was writ¬ 
ten off in disillusionment; and the loss 
of faith in education is perhaps the 
greatest disappointment of all. Of 
course this shc^uld have been forc'sc'cn; 
for, apart from other limitations, this 
supposed social panacea must raise the 
cjuestions of who is to educate and who 
is to educate the educators and deter¬ 
mine the content to be imparted to the 
supposedly passive and receptive on¬ 
coming generation and the methods to 
be employed. Events have inevitably 
made education the central social prob¬ 
lem, especially as regards information 
versus indoctrination. This disillusion¬ 
ment would seem to be the final one— 
or the next-to-final one. The next step 
would seem to be either disillusionment 
with discussion as a method and with 
the whole intellectual approach or else 
a determined effort to define our prob¬ 
lems in terms of facts and possible 
alternatives and to attack them objec¬ 
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tively. In the first evcaituality, socic'tv 
will degemerate into chaos and a sham¬ 
bles, unless and until some clique seizes 
]X)wer and restores “order” under a 
totalitarian regime. There is only too 
much evid('nce of this tendency. In eco¬ 
nomic relations specifically, organizc'd 
coercion is constantly appealed to for 
securing “rights,” by righting the sup¬ 
posed wrongs of the economy of fr(‘e 
(‘xchange. The conspicuous example is 
“strikes” cn masse of wage-workers ovei' 
aTiy area that “leaders” succeed in or¬ 
ganizing to act as a unit, which then 
hold up socially essential services and 
coerce society and government as well 
as employers. 

The second of the two things referred 
to as somehow “the matter” with men 
or our culture and social order is more 
specifically economic in its bearings, 
being a direct result of the success of 
the economy of free enterprise in 
achieving its purpose. In our own soci¬ 
ety, specifically the English-speaking 
lands and some other regions of West¬ 
ern culture, man's basic wants—his bio¬ 
logical needs—have been met to such a 
degree that people have practically 
cea.scd troubling. But, with human 
nature, nothing fails like success. The 
result is that people simply do not 
know what to do with themselves, their 
time, and their powders. Of course, not 
everyone gets all the “food, clothing, 
and shelter” he would like to have, but 
that is a patently false conception of 
economic wants. Even when we ignore* 
other “goods” which arc also economic, 
it should hardly be necessary to point 
out that the claims under the three 
heads named are for a “decent,” or 
“civilized,” or specifically in this coun¬ 
try an “American” standard of Jiving. 
What is in dispute is not life but a 
“good” life; and the means to this lie 
far beyond the biological requirements 
for life, health, and “physical” comfort. 
Today, in fact, it is not even the good 
life but a progressively better life, ever 
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liigher standards, and more costly; that 
is, the demands are for social progress 
with a “fair** sharing of its benefits and 
its burdens and the costs of change. 
The essential “matter” is that, at these 
“higher” (meaning higher or lower) 
levels, men literally do not know what 
they want. Specifically, they do not 
know what to do with the “economic 
surplus” which modern technology and 
business organization have so abun¬ 
dantly provided and can further pro¬ 
vide if given the chance. The outstand¬ 
ing case is what to do with “leisure” 
time. Here we encounter the terms or 
concepts (the words in quotation 
marks) which must be defined as the 
preliminary and hard, but essential, 
part of a real discussion of our current 
social-economic problems—the issues on 
which it is so difficult to secure agree¬ 
ment. 

One consequence of modem efficien¬ 
cy is that the economy itself devotes a 
large and increasing fraction of its 
cntTgies in competition to persuade 
people, as consumers and producers, to 
“want” a wide variety of things that are 
biologically nonessential in all degrees, 
often even positively harmf\il, or that 
displace things that are really needful 
biologically. It must be added that it 
becomes progressively harder and actu¬ 
ally impossible to separate “economic” 
needs in the inclusive sense from others 
to which economic concepts do not 
apply, because they do not involve the 
use of given means to achieve any 
given end. Human purposes and eco¬ 
nomic activity move more and more 
into such fields as “culture” and “sport,” 
where the ends are not given in ad¬ 
vance or are relative and inherently 
social, either common or competitive 
as the case may be or even both at the 
same time. They are not concrete 
“goods and services” specifically wanted 
by individuals as consumers and pro¬ 
duced by individual productive capac¬ 
ity. Cultural progress is a group value. 


and its creation is a matter of group 
exploration. A particularly important 
problem arises in so far as economic 
life becomes motivated by competition 
or rivalry, giving it the character of 
sport, which is increasingly the case. To 
that extent the over-all social objective 
is quite different from that of the play¬ 
ers individually or by “sides”; it is not 
“winning” but having a good game, 
another concc^pt both necessary and 
difficult to define. The game must 
above all be interesting and “fair”; 
there must be rules which must be 
obeyed and interpreted usually by an 
umpire ultimately backed up by the 
police. Special problems arise in con¬ 
tests between large groups beyond per¬ 
sonal acquaintance and face-to-face re¬ 
lations; hence they necessarily act 
through agents. Sportsmanship is a 
large element in the ethical ideal of a 
free society; it calls for an ekmient of 
generosity but completely excludes 
“charity.” 

The problems called “economic” in 
modern large-scale society must be 
realistically viewed as combining all 
these various objectives and are enor¬ 
mously complicated in consequence. 
For there are both complementarity 
and conflict among the “ends” or the 
procedure required to promote them— 
among freedom, efficiency, progress, 
and “justice” (this last including both 
equitable distribution of distributable 
goods and services and the “fairness” 
of sport), to all of which must be 
added “good” social-moral attitudes or 
“spirit,” and with all relative to the in¬ 
eluctable conditions of civilized life. 
Discussion in strictly economic terms 
(taking as given all ends as judged by 
the acting individuals) goes a long step 
beyond biology but still covers a small 
part of the problem. Social action must 
look to the future, beyond the lives of 
its members at the time action is taken; 
it must consider the unborn and the 
character of the culture that is being 
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created. Many conflicting considera¬ 
tions must be compromised, and no 
problem is more inescapable than the 
relation between quantity of life and 
its quality, beginning with that between 
resources and numbers of the popula¬ 
tion. Viewed even in strictly economic 
terms, no fact is more important than 
the non-objective or non-specific char¬ 
acter of tho “rear* wants of individuals. 
W^hat objectivity these ha\'e is niore 
aesthetic than biological, though, most 
fortunately, there is only a limited need 
feu* agreement on the former as a requi¬ 
site for social order and peace, for 
agr('ement in taste is notoriously hard 
to achiewe. 

Beyond both biological and aesthetic 
needs or values (and in large part in¬ 
cluding the latter) men’s wants for con¬ 
crete goods and services are largely 
“symbolic” of abstract and social 
values. Especially important are the 
play interest, the spirit of contest, and 
that of “work,” a negative value to be 
avoided or minimized. (This finally 
verges into the quietistic attitude of 
craving.) The factor of “luck” enters 
largely, both negatively and positively, 
into both the efficiency and the game 
aspec ts of “economic” association—and 
more or less into all activity. Curiosity, 
adventure, even the disposition to 
gamble, are clearly elements in real hu¬ 
man motivation. But these and other 
elements are fc^reign to the rational- 
economic motive analytically defined. 
In short, in the “economic” life of to¬ 
day, realistically viewed, the goods and 
services produced and consumed are 
wanted, in large part, not for any in¬ 
trinsic quality or satisfying power but 
as symbols of achievement of deeper 
gcmeral objectives. Especially in point 
are such abstractions as success, pres¬ 
tige, “winning,” being like other people 
or different from them (cf. “fashion'), 
keeping up with the neighbors or get¬ 
ting ahead of them, and simply familiar¬ 
ity and novelty or persistence and 
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change, or security and adventure. To 
a striking extent these ulterior wants 
arc pairs of opposites in a sort of 
“polar” relation and inluaeiitly require 
sacrifice of one to the other; hence, 
again, “compromise” at some vaguely 
dt'termiiiate proportion. Above all, men 
seem innately to want potcer over 
others or relative to and beyond others. 
And this power they coininonly insist 
on defining iiito the freedom they claim 
as a right. 7"hough rationally defined, 
freedom in society must be mutual oi* 
common, while the power interest is in¬ 
herently one of conflict (as between 
persons, in contrast with individual 
control over “things”). These remarks 
indicate the complexity of the issues 
faced by modem society. In its abstract 
form the problem is still and always 
that of making ‘better” laws or rules to 
govern human association. Presupposed 
as a matter of course is the obeying of 
existing law and its enforcement where 
necessary until reasonable agreement 
can be secured on changes that will 
improve it. It is essentially futile to 
argue that, if men were rational and 
virtuous, social conflicts and problems 
would disappear. Words like “rational¬ 
ity” and “virtue” merely point to the 
problem the heart of which is to de¬ 
fine them. But they cannot be defined 
in relation to the realities in such a way 
that, even if the qualities named could 
somehow be implanted in all men, a 
“solution” would result. For a “static” 
.society, living under laws assumed to 
be immutable and hence universalh' 
known, rationality and virtue had a 
fairly definite meaning and a large de¬ 
gree of logical applicability. But in a 
society dedicated to freedom and prog¬ 
ress, and to truth critically conceived, 
they merely indicate the problem, 
which is to agree “intelligently” on 
ideals to be progressively realized and 
on the forms of associative action re¬ 
quired. This is the perpetual task of 
man in his life on the earth, in so far as 
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he believes in freedom and intelligence 
rather than in ‘"freezing” his conduct 
into a rigid and unchanging pattern. 
Would we wish it otherwise? If all 
tiuth were discovered and known and 
all possible beauty and other goods 
achieved, what would we do then? 
What would we live for? 

As a last word, the root of modern 
man's discontents is his unwillingness 
to live with the facts of life. But this 
he “must” do, hard, unpleasant, and 
nasty as the facts often are—until they 
can be changed for the better by intel¬ 
ligent action. Idealistic wishing is nec¬ 
essary, but wishful thinking is futile 
and, if acted upon, will certainly do 
more harm than good. We “must” pre- 
sci'Yc life and a civilization in which 
men can rationally cherish ideals and 
w'ork toward their achievement; this 
will constantly involve their own re¬ 
definition and “improvement,” It is 
fpit slionable how far it is useful even 
to consider ideals beyond what reason- 
ahlv s(‘eins possible, and action certain¬ 
ly must not aim at anything else. The 
impossible includes any strict impartial¬ 
ity. As the world is, men must give first 
consideration to themselves and their 
families, both as :o living and as to 
living progressively better. These inter¬ 
ests must of course be constantly 
w^eight'd against those of “others,” but 
the preservation and advance of civili¬ 
zation as it exists must come first. For 
“othcTs” include the whole human race, 
born and unborn, from the Eskimos 
and Tierra del Fuegians to the head¬ 
hunters and the savages of the tropical 
jungle; and c'ven beyond them the hu¬ 
man race, lor the animals—those that 
know" pain and fear and frustration- 
have a right to “due” consideration. We 
must indeed be “wise as serpents” but 
not harmless as doves or like little chil¬ 
dren. Man’s wish must exceed his grasp 
—but not too much. We must respect 
the interests of others, and even their 
opinions, no matter how “wrong” we 


know them to be; and w"e must trust 
people a little further than they prob¬ 
ably dese^rve—but not much furtlier. 
“Measure in all things,” as the Greeks 
taught; virtue is a mean, and going too 
far in any direction becomes a vice or 
some mixture of vice and error. The 
treatment of that distinction has largely 
dominated the history of the West since 
the downfall of classical civilization and 
is still w"ith us as a problem. And the 
current tendency is for new knowl¬ 
edge to make the problem even more 
complex by replacing both error and 
sin by mental dist'ase or defect. 

DIAI.OGITE: SC:iKNCK AND HUMANITIES 

Malin, in writing, commented on the 
uniqueness of history and its relation 
to ethical values. When history has 
been referred to in this symposium, it 
has been lumped off as a social science. 
In so doing, of course, the orthodox 
United States interpretation of history 
is meant—that version described in 
Volumes LIV (1946) and LXIV (1954) 
of the Social Science Research Council 
Bulletin. The philosophy behind such 
a point of view is in the tradition of 
John Dewey, Charles Beard, and Carl 
Becker—a pragmatic or subjective rela¬ 
tivism. The history derived from this 
philosophical ancestry is functional and 
deals only with the “usable” past. The 
criteria for determining what is “us¬ 
able” past are set up by a frame of ref¬ 
erence arising out of the historian’s 
present, and this fluctuates with the 
changing purpose. If the premises are 
granted, then there is no escape from 
the conclusions about relativism of 
ethics in the spirit of Protagoras and 
the Greek Sophists—the ethical nihil¬ 
ism prior to Socrates. Ethics, according 
to such a system, is the product of 
“education.” 

The conception of history as unique 
is in contrast, in an absolute sense, with 
social science history. History is not a 
science. The individual human person 
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is iniicjiie in an absolute sense. like¬ 
wise, each historical event and situa¬ 
tion is unique—absolutely. Further¬ 
more, each human culture is unique. 
The historian is interested for its own 
sake in the great body of discoverable 
knowledge about the past. It possesses 
a value in its own right as an object 
of stndv. In the social science sense, all 
this is useless, beoause it is not func¬ 
tional. But history as defined above is 
neitlier science nor functional. The in- 
di\ idual man or woman is not inferior, 
superior, or equal to any other man or 
woman. Those terms are social science 
constructs, not properties of the indi¬ 
vidual. Each human person is unique. 
The ethical principles derived from this 
property of uniqueness are positive and 
absolute and involve the inviolability 
of the dignity of this unique individual. 
Respect for the dignity of the unique 
person is good; violation of that dignity 
is e^’il. The same principle applies to 
the status of each unique cultural 
group. Thus each individual and each 
culture derives its freedom, and its 
right to exercise and to defend it, from 
the property of uniqueness—a property 
inherent in individuality. 

It seemed to Gutkind that he had 
heard a great deal on the conservation 
of the soil but nothing about the con¬ 
servation of the soul. This symposium 
mav establish certain facts, but it has 
differed sincerely and wholeheartedly 
in their interpretations. Those who are 
more interested in the human side of 
the problem would challenge all scien¬ 
tists as to whether they wish to continue 
as the pampered and adored children 
of our technical civilization. It is abso- 
lutelv impossible for this technical 
civilization in which we are living to 
continue to develop on the same scale 
with the same intensity without de¬ 
stroying the most valuable thing—the 
human substance. Perhaps the process 
of the disintegration of the creative 
sj^irit of man in all things which are not 
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technical is already beginning. Not one 
fundamental change has taken place 
since the ‘"urban revolution.” All that 
followed after have been only differ¬ 
ences of degrcic, not of principle. 

Stkwaht disagreed with Seidenberg’s 
idea that wc have become scientific. 
The scientific had been overempha¬ 
sized, leaving out a very important 
variable—the problem of religion. If 
religion plays a role in the United 
States and Europe, it plays a much 
greater role in some other parts of the 
world. Our scientific plans on how to 
reduce the birth rate in India or how to 
retlucf' its death rate may be developed, 
but religion may completely frustrate 
all our ideas to help the people of 
India. 

Darwin took up the point of perma¬ 
nence of conditions and how rapidly 
they change. Now in past history, un¬ 
doubtedly, one of the most important 
things has been religion. If we take 
only the Christian religion, which we 
know best, we find that it has been 
very, very different at different periods 
of time. Perhaps the important thing in 
a religion is the fact that people are 
ready to die for it. In a.d. 1100, during 
the Crusades, the one important thing 
was to conquer the Saracens and to 
occupy Jerusalem. Three to four hun¬ 
dred years later it was the Reformation. 
Today, most of us would not be ready 
to die for anything of that kind. These 
“creeds,” or doctrines of life, have a 
quality of heredity, but they do not last 
for periods of more than four hundred 
years. If that is so, we are just about 
due for another one. Mumford com¬ 
mented that this theory was in keeping 
with that of the Scotsman J. Stuart 
I.enny, who in 1870 introduced the no¬ 
tion of a cyclical recurrence in civiliza¬ 
tion at intervals of about five hundred 
years. 

Heicheliieim felt that Darwin’s re¬ 
marks had been much too polite and 
moderate. A memorable shaft of light 
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was his expression that man needs 
something to die for. TJje ‘'possible'* 
of Chairman M urn ford’s introduction 
might be expressed as: '‘Man stays 
alive only if he is able to live danger¬ 
ously." Women do this by bearing 
children and sacrificing themselves for 
the upkeep of their offspring; men, by 
changing and experimenting with their 
physical environment and their social 
order. Even in the so-called "static 
civilizations," the element of danger is 
always in existence. In the future are 
all men to be happy? Are no uncalcii- 
lated risks to be taken? Is everything 
to proceed nicely? Or would such an 
environment be one in which man 
could not live. The directors of change, 
Heiciieliifim felt, were not to be the 
conservationists but the adventurers— 
the ^b‘kings of the future. 

Banks asked: “Who is going to con¬ 
trol the vast forces being unlea.shed?" 
“The man who loves danger,” may be a 
good answer, but, if so, then who 
selects him, and what training for lead¬ 
ership has he had for the post? 

To look at our future as people who 
try to handle the earth better, and to 
see what happens to man while he does 
so, meant for Wijtfogel: “What kind 
of a man are we going to have when 
we get into all these developments 
which previously have been so ably 
outlined?” 

Hn/ayyin had spoken for the East 
when \\c expressed the feeling that 
there wa and is a difference between 
the West in and the Eastern worlds. 
He is not al one in feeling that there are 
many things that are problematic in the 
modern inchistrial world of the West; 
there are many in the West who think 
similarly. 

In Central Europe after World War 
I, socialism seemed the natural solu¬ 
tion, with big private property being 
the most evil institution that had to be 
overcome in one way or another. Marx 
was partly responsible for this attitude. 


But professional study of hydraulic civ¬ 
ilizations, based upon great govern¬ 
mental agencies built up in certain 
parts of the world, has given awareness 
of another man and another thesis: it 
was Lord Acton who said that absolute 
power corrupts absolutely. And Acton’s 
thesis sc'cms to hold up better than 
Marx’s. 

Law is not enough; it just formulates 
something. Many laws express only a 
one-sided relationship of man to man 
in which one side dictates and the other 
subordinates itself. Confucius, with all 
his subtlety, said: "The attitude of the 
ruler is like the wind going over the 
grass. When the wind blows, the grass 
has to bend." Life is a great value, but 
not the only value, and sometimes not 
the last. Are there not times when death 
is preferable to living as a slave? Total 
submission must be fought. But the 
competitive capitalism of twentieth- 
century society is tame by comparison 
with ugly totalitarian bureaucratic des¬ 
potism. 

Tukey raised the question whether 
in the discussions enough care had been 
spent in distinguishing science, a way 
toward knowledge and understanding, 
from technology, a way toward doing 
things. The objectivity of scientists also 
had been discussed. If we looked at 
how scientists really work, we would 
find that they depend very much upon 
non-objective ideas. The contrast Sei- 
denberg had made was much too black 
and white. One characteristic of science 
as it ought to be is that its final test is 
what happens when it is tried. Con¬ 
trary to Stewart’s suggestion, it would 
not be scientific to plan ahead without 
taking into account religious considera¬ 
tions and cultural inertia. To do so 
would be perpetrating bad science. 

Tukey, in writing, pointed out that 
Mumford had said: “For historic man 
the future presents a dimension that 
science, because of its methodological 
restrictions, cannot admit: it is the 
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realm of the potential and the possible/’ 
And later: “There is a diflEerence, then, 
between the scientific prediction of 
probabilities and the humanistic antici¬ 
pation of possibilities, which often 
gather force as reactions against the 
dominant institutions/’ By these words 
Mumford claims for the humanities all 
anticipation of novel possibilities. But 
Titkey avowed that this claim should 
not be allowed to stand; no informed 
court would grant it. Much of science 
may be pedestrian, some as dry as dust, 
hut there have been, are, and will con¬ 
tinue to be aspects of science which are 
imaginative, which reach out far into 
the possible, and which effectively re¬ 
act against dominant institutions. Why 
these have been overlooked by Mum- 
ford and by others in this symposium is 
difficult to see. Have they confused sci¬ 
ence and engineering? Have they asso¬ 
ciated only with the more pedestrian 
scientists? Do they believe that effec¬ 
tive science' must be restricted to fields 
safely distant from the humanities? 

In the physical sciences, where sci¬ 
ence has built up now for centuries— 
which ought therefore to be the very 
model of science—it is easy to give ex¬ 
amples of imagination extending to pos¬ 
sibilities far beyond experience and in¬ 
stitutions. To be sure, this imagination 
has often come in stages, but so have 
the imaginative gains of the humanities 
—else why the historians of ideas? 

The atomic bomb and the hydrogen 
l)omb might come to mind, but they are 
hardly perfect examples. The opposi¬ 
tion might argue that astronomers have 
studied the interiors of stars, that stars 
are dominant institutions, and that their 
study is immediate experience. (Yet 
how much less immediate are the in¬ 
sights of the humanists?) 

The stored-program automatic com¬ 
puter—the machine which rearranges 
and converts its own orders as the com¬ 
putation proceeds—is as long a jump 
into possibility and as wide a deviation 


from existing institutions as any leap 
of man’s mind. It comes just midway 
between the human mind, free to rear¬ 
range its orders and instructions, and 
the Jacquard loom, carrying out explic- 
itly given orders to manufacture a pre¬ 
assigned pattern. The insight that rec¬ 
ognized this midway possibility and 
the values which would stem from its 
realization was surely not mere routine 
extrapolation. When the present growth 
in scope and depth and facility of use 
has reached the shoulder of the hill, we 
will be able to see just what this in¬ 
sight has done to dominant institutions. 
There are other examples, but this 
should serve to make the point. 

It seemed to Dodds that there was 
even an ecological dimension to war, 
although the subject had scarcely been 
mentioned, let alone discussed. Another 
point was that man is not man in a 
vacuum; he is men. He is not a set of 
chessmen to be moved about on an eco¬ 
logical “ches.sboard.” Any consideration 
that omits his psychological, cultural, 
and moral dimensions is to that extent 
incomplete. Stewart enlarged upon 
Dodds’s remarks about the dangers of 
talking about man instead of consider¬ 
ing men as different types of people de¬ 
veloped under different cultural condi¬ 
tions. 

dialogue: western and non¬ 
western CULTURES 

Huzayyin spoke on material and 
technological development versus the 
non-material aspects of human life. The 
West is accustomed to thinking of its 
civilization as the first real technologi¬ 
cal development in human history. This 
fact must be corrected with the knowl¬ 
edge of the technological inventions in 
man’s history. How to make fire was 
perhaps the most important invention 
that the human brain developed. And 
then would be included the invention 
or evolution of crop cultivation, animal 
domestication, brickmaking, etc. We 
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must mnciiihcr that civilizations like 
those of ancient Egypt, undent Greece, 
unci unck'nt Rome hud gi cut technologi¬ 
cal developments. 

Antithetical to this is the non-tech- 
nical side of man. Wc arc more accus¬ 
tomed to distinguish man from the ani¬ 
mal on the basis of his mind—the brain. 
But man shares the brain with other 
animals; lie shares sentiment and in¬ 
stinct with most other creatures. How¬ 
ever, that something in man which is 
not shared by any other creature is con¬ 
science. Perhaps we are thinking solely 
of the future in the material sense. Aft¬ 
er all, wo must live physically; but hu¬ 
man life, as distinct from the usual bio¬ 
logic life, requires something more- 
spiritual values. 

If we look at the past, the people of 
Egyptian pharaonic civilization were 
not backward. They lived for something 
and died for something. Life was not 
limited to the physical existence of the 
short period that one lived on earth; 
people looked for something after 
death. In the ancient East, with techno¬ 
logical development there was always 
some spiritual contribution. When it 
came to a clash between the spirit and 
the material, the spirit usually won. In 
the case? of Islam, the Bedouins who 
c ame out of the desert did not have any 
stronger material means than the Per¬ 
sians or the Byzantines, but in the end 
the stiuggle was won by the stronger 
spiritual side. 

We in the Orient look on Europe 
with rather a sense of pity, in that this 
great contim nt has contributed so much 
to the technological development of hu¬ 
manity and contributed so little toward 
the spiritual advancement of man. It is 
important that in the future wc should 
aim at the balance between the ma¬ 
terial and the spiritual—the balance be¬ 
tween the mincl and the conscience. 

Burke presented a hypothesis to ex¬ 
plain why Westerners ’ think the way 
they do and the extent to which their 


concepts are not related to spirituul 
values or anything other than mu ter hi I 
v alues. That we in the Western world 
do not recognize some of the values to 
which Huzayyin referred relates to two 
basically different points of view. One 
of these is an intuitive understanding 
of what goes on in the surrounding 
world, in which the kind of society, the 
religious values, and most of those 
things that have tc3 do with a way of 
living are tied directly to the facts of 
life as lived over inillcmniums. 

About two thousand years ago Soc¬ 
rates and Aristotle worked out a line 
of reasoning which provided an empiri¬ 
cal approach to working out problems, 
which has taken the Western world 
away from a good many of the facts of 
life that are tied to the religious values, 
moral concepts, and ethical concepts 
visualized in the rest of the world. 

In non-Western cultures very com¬ 
plex societies have been built up which 
reflect rather different values from our 
own. But, in the Hopi or the Navaho 
cultures, many of the values that are 
reflected in the lives of the people are 
directly tied to the affairs of their ev¬ 
eryday life—the facts of life around 
them. Their body of intuitive knowl¬ 
edge is very much part of the environ¬ 
ment in which they live. Their religion, 
their moral values, and their ethical 
values are tied to their everyday lives. 

On the other hand, the Western 
world had originally a basic body of 
intuitive knowledge on which we began 
to predicate hypotheses. On the basis 
of our success in predicating a hypo¬ 
thetical situation in which life would 
be better if we subscribed to the values 
of that situation, we began building 
another set of hypotheses which had a 
number of alternatives. Gradually, in 
the process of doing all this, we have 
grown away from the basic values in 
our life that at one time were part of 
our religious values and which made 
moral and ethical sense in terms of ty- 
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intj; us to the environment in whicli we 
lived. We in the Western world have 
built up a concc'pt of the world around 
us which is not dirc'ctly related to this 
bodv of intuitive knowledi 2 ;e that was 
once a part of our background and is 
still a part of th(' background of a good 
inaiu’ non-Westorn peoples. 

Religious values, moral values, and 
( thical values are all tied to the reality 
of the world around people in the so- 
c a lied “backward” parts of the world. 
There are less conflicts for these peo- 
])le: tliev do not reeognize divisions be¬ 
tween the various parts of their lives. 
I’hev do not eonsciouslv have to strive 
to keep soils in good slia])e, for exam¬ 
ple. because^ keeping soils in good shape 
is part of the moral and c'thieal stand- 
arcls 1(^ wliieh thev are still tied by the 
wa^ th(‘v live. In the Western world, 
tecimology s('parates us from reality. 
Sc ience' has been substituted for com¬ 
mon sc'nse, and we are farther removed 
from lh(' realities of the world around 
us tlian the people who have to live 
\’er\- close to them. 

A \’c^rv important cpiestion is whether 
man is a part of nature or exists apart 
from nature. Some years ago, Buhkk 
said, a Navaho friend explained to him, 
as simply as he could, the theological 
concepts by which the Navaho live. He 
drew a circle, and on this circle he put 
all those things which make up the 
Navaho world—spiritual things as well 
as material things. One had to do with 
his religion, one had to do with ani¬ 
mals, one with plants. But the point 
was that one of the items on this ring 
of the universe was man. Man was on a 
higher level of the order of things than 
the rest of the items in the ring, but, 
nevertheless, man was a part of this 
ring, and, in order for there to be har¬ 
mony in the universe, man had to be 
part of this ring which made up the 
whole universe around him. To illus¬ 
trate the Western concept, the Navaho 
drew another circle with the same set 


of relationships; only in this case' he 
had man sitting in the middle of the 
circle. The big difference, he said, be¬ 
tween his culture, in which man was a 
part of things that created a harmony 
in the universe, and that of Western 
man was that we recognized that man 
sat in the middle, so as to be served by 
all things. And he pointed out that this 
was impossible, because man could not 
be served by these things until he rec¬ 
ognized that he was a part of them too. 

But, liowever much we may admire 
tlie efforts of a group of people to main¬ 
tain their mtegrity, it is an impossil)le 
situation—the most unreal of all ap- 
]3roaehes—for there nevc^r has been a 
time in human history when any cul¬ 
ture has been able to rc\sist the en¬ 
croachments of any otln^r. Theirs has 
always been a give and take in every 
case where cultures have met. The goal 
is to find an area of compromise. Con¬ 
servationists ho])e that the best area of 
compromise is found wh(*re fhe most 
that is good is preserved. What con¬ 
cerned Bin^KK in Ta.x’s example (see pp. 
952-54) was that there was just as in¬ 
flexible an attitude on the part of the 
Indians as that which is usually attrib¬ 
uted to whites. Between the two there 
mu.st be give and take, not simplv give 
bv one and take by the other. Skidkn- 
BKRG asked whether the same process 
of cultural impact were not happening 
in Tibet. The question is to know whv 
one culture dominates another. 

Nortiihop referred to the formula 
with which Sears had begun the session 
on “Commercial Economies” (p. 423), 



“The sum total of resources and the 
population among which the resources 
have to be divided are a function of the 
pattern of culture.” Now, what is cul¬ 
ture? Man is never responding to his 
environment but to his concept of his 
environment. A common culture exists 
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when people respond to . ' t nvironinent 
conceived with a comoi set of 
ings such as the Hi., : i.e Buddhist, 

the Navaho. For a ! !e trained in 
biochemistry, erivi . means cai- 

bon dioxide—oxya^cTi ’ •’« anci thermo- 

dynainicaJ concrpl. analysis. 

To be a spiiitiiul creature is to be 
guided by ideas, hut that the modern 
West is a technoJogical civilization 
without values is nonsense. That is, one 
culture is exactly as spiritual as the 
other; the only thing is that the con¬ 
tent of its concejitual meanings is dif¬ 
ferent. 

A common law means common norms 
and ways of conceiving of what a hu¬ 
man being is, what other human beings 
are, what plants, animals, vegetables, 
the motions of the seasons are—in other 
words, a common conceptual system 
and a common meaning. The real reason 
why the Navaho become disrupted is 
not that other peoples force things on 
them; it is that other ideas come in and 
corrupt their meaning system, and then 
they cannot co-operate with one an¬ 
other. Unless there is a common mean¬ 
ing system, there cannot be a common 
cultural or historical community. These 
common values mav be, as the anthro¬ 
pologists say, explicit or implicit. For 
example, most people in the United 
States do not know the role of John 
Locke’s theory of the state and of Mar¬ 
shall’s and Jevons’ theory of economic 
analysis. Though the.se have been made 
explicit in publications and are gone 
into in our universities, for most people 
these represent implicit meanings which 
order our society. 

We can use the word “technological” 
for any kind of tool, and in this sense, 
then, every society is a technological 
society. But one very fundamental thing 
arose uniquely in the world with the 
first Greek mathematical physicist. If 
we analyze conceptual meaning, there 
are two sources for concepts. The word 
“blue,” in the sense of color, is an in¬ 


tuitive concept which anybody can feel 
with immediacy in his own oxperienct*. 
But there is also another concept of 
“blue,” in the sense of the number for 
the wave length in mathematical phys¬ 
ics. This is blue in the non-intuitive 
sense; it is an electromagnetic wave 
which has certain formal propertie.s 
siiecified by a mathematician. When 
people in a society publicly conceive 
of their environment by the latter in- 
stcad of the former type of concept, 
then a non-intuitive type of civilization 
results. This does not mean that the 
latter person is any less a part of na¬ 
ture than the former. He is just a part 
of nature in a different way. We an' 
just as much a part of nature as the 
Navaho is, but it is nature understood 
in a different way. The real difference 
between a non-technological and a 
technological civilization is whether the 
tools come from a way of thinking 
about nature conceptually that goes 
back to intuitive inductive concepts or 
to axiomatically, mathematically con¬ 
structed ones. This has a prodigious ef¬ 
fect on attitudes. Breaking away from 
intuitive concepts means breaking away 
from an ethics for a society which is 
family- and tribal-centered. Inducti\'e- 
Iv, individuals are different. If they 
have a different skin color, this is a 
fact, and good conduct must recognize 
it. 

But when the Greek mathematical 
physicists shifted to an axiomatically 
constructed nature known hypotheti¬ 
cal! v, this was the beginning of the shift 
which Sir Henry Maine, in his Ancient 
Law, describes as a shift from status to 
contract. In contract all men are born 
equal; this does not mean biologically 
identical but represents a law-of-con- 
tract statement which is agreed upon. 
This is important in the contemporary 
world, because India is introducing a 
law-of-contract constitution to take the 
place of the old law-of-status ethics of 
an intuitively oriented conceptual sys- 
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tern in which family values and differ¬ 
ences in color or caste values are ethi¬ 
cally primary. The discovery of hypo¬ 
thetically proposed, axiomatically con¬ 
structed, concepts passed over from 
Greek mathematics through Greek phi¬ 
losophy into Stoic Rome and led to the 
idea of a law of contract. Under this 
law men can have a common commu¬ 
nity if they accept the same constitu¬ 
tional postulates for ordering their so¬ 
cial relations with one another. In this, 
the color of the skin or the family or 
tribe a person belongs to is irrelevant; 
the only thing that is relevant is con¬ 
sent. Contracts are not valid unless con¬ 
sent is given to them. 

When utopias are guided with a tech¬ 
nical knowledge of science, this is just 
as spiritual a society as an intuitive one. 
It is just that, in operating, different 
meanings are used. The problem of our 
world is to take people immersed in 
the values of an intuitive conceptual 
system and bring to them a law-of-con- 
tract type of knowing and all the tech¬ 
nical, scientific meanings coming out of 
that way of knowing. It is in this direc¬ 
tion that a real advance in the realm of 
the spiritual is to be made. 

Heichelheim doubted that man is 
going to live by reason and by the law 
of contract; man is different. Northrop 
replied that we cannot get away from 
what is known, and physicists, mathe¬ 
maticians, and biologists have experi¬ 
mentally verified certain knowledge. To 
ignore this is to live in a fool's paradise. 
Under the law of contract we accept 
only what we accept. There is nothing 
about rationality that forces us to ac¬ 
cept anything other than what seems 
reasonable. 

One general theme of the symposium 
seemed to Tukey to be that commer¬ 
cial economies should come to terms 
with their environments by becoming, 
on a world scale, subsistence econo¬ 
mies. Northrop had related the original 
transition from (micro-) subsistence 


economy to the transition from status 
law to contract law. Is it reasonable to 
conjecture that, if our commercial econ¬ 
omy is to be converted into a (macro-) 
subsistence economy, it may be neces¬ 
sary to convert from contract law^ to 
status law% at least in the relation of 
social man to his environment? 

Gourou, in writing, did not think that 
Asian civilizations of today have spir¬ 
itual superiority over the West. They 
are different but not superior. He felt 
that the claim of superiority was a sort 
f)f “psychic compensation.*’ Neither, 
however, did he feel, were they infe¬ 
rior. One of the great problems at this 
time is to give technology to Asians 
without destroying their moral and spir¬ 
itual traditions. While some think that 
technology is inseparable from West¬ 
ern civilization, Gourou did not think 
so; but it was important for the future 
to investigate the point. 

Uli.man recognized that we obvi¬ 
ously want to change things; we need 
not only criteria for change but criteria 
that match our values. Obviously, now, 
they do not match, because the meas¬ 
ures that wx‘ use do not fit the values. 
As an example, in deciding whether to 
build a reclamation project in the arid 
West, w^e calculate a benefit-cost ratio. 
If the benefits exceed the cost, the proj¬ 
ect will pay, and it is built Yet, at the 
same time, the benefit-cost ratios are 
not computed for all other alternative 
projects throughout the country, even 
though many would have a higher fig¬ 
ure. But this problem, though fantas¬ 
tically difficult, is simple compared 
with the real alternative opportunities 
wTth which we are confronted. For in¬ 
stance, should society build superhigh- 
w^ays or double teachers' salaries? An 
engineer can easily compute the savings 
in gasoline, rubber, and travel time and 
can prove that almost any superhigh¬ 
way will pay. But no one has produced 
a method for proving that better salaries 
for schoolteachers w^ould pay. The ra- 
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tioiiul u oriel is iinablt' to joeasure and 
conipare its values on a rational basis. 
Mumford coimncnted that Einorson 
had a generalized answer to the prob- 
Jem; "Save on tJi(' low levels and spend 
on tlie liigh ones. ’ All we nc'ed to define 
is tlie dilf(‘reiK'e between the low and 
tlie high. 

GnixsoNT considered that tlierc are ap¬ 
parently two \\’ays out of the present 
situation of societal disorganization and 
tliat both arc ways of planning or or¬ 
ganization. 

First is the one to vvliich Brown looles 
fc^rward—ever inc^io inventions. If, in 
ScMclenberg’s analysis, man has to 
change hijnsc‘ll in the course of time 
into a tool of an ever more comi^lete 
machine, does this mean that man is 
entc'ring into a new stage of serfdom? 

Sc‘Cond is a sort of organization which 
is often called “planning.” It seems that, 
in the stage' into which we have come 
in this specific momc'nt of our develop- 
Jiicnt, the only intellectual way out is 
by coinprc‘hc‘nsive planning of our ways 
of life. This way of planning not only 
has to consider change of the physical 
envirourncjit, not only economic reha¬ 
bilitation, but also has to consider fully 
tin* human factois. 

Thc^ instances which Tax has given 
arc not just a scientific attempt to look 
upon primitive pec:)ple but a beginning 
of a way to introduce tliese people into 
the development of our times. 

The way of the future seems to lie in 
succe ss in establishing in fact the cem- 
nection be*tween our whole intellectual 
and scientific development and the 
basis of lilt . We should look upon hu¬ 
man litc' not as distinct from biological 
life but as its highest form. 

Graham referred to the fact that 
since the time of Marsh there had been 
a progressively greater destruction of 
environment than there was in his time. 
In our cultivated lands and our forests 
and our grasslands a great deal of dev¬ 
astation has taken place; there has been 


a further iin]Dact on our iDhysical and 
biological environment, to say nothing 
of the socioeconomic aspects of our ex¬ 
istence. As part of man s reaction to this 
destruction, fiVe professional fields have 
arisen during the last fifty years in the 
Unitc'd Statens which dicl not C:?xist in 
Marsh s time and some not even so long 
ago as a generation. These are soil con¬ 
servation, forestry, range management, 
wildlife management, and modern 
agronomy, each of which is now a pro¬ 
fession, in the sense that there are 
trained workers, that there are organi¬ 
zations which represent them, that 
there are state and federal government 
bureaus that support their activities, 
etc. The significant thing is that, in spite 
of a highly tc'chnological world, man 
has reacted to the mechanistic destruc¬ 
tive capacity of his society by develop¬ 
ing these new disciplines for taking ac¬ 
tion. For example, in each state of the 
United States, locally organized groups 
-soil-conservation districts—have been 
formed in which people who live and 
work on the land organize themselves 
to accept the best in modern ecological 
technology. Amazingly, though those 
local organizations began only in 1937, 
today some 85 per cent of our agricul¬ 
tural land is now included in soil-con¬ 
servation districts. We need only to fly 
over the country to see a transformation 
in the landscape which reveals not only 
changes in the way land is worked but 
also changes in the people's attitudes 
toward it. The land is being re-created 
in a manner that twenty-five or fifty 
years ago would have been thought im¬ 
possible. 

Leopold pointed out that, in central¬ 
ized governments today, the higher ad¬ 
ministrative units have considerable 
ability to form or alter public opinion 
to create demands for their services. 
However, for example, the administra¬ 
tive units of government which are en¬ 
gaged in changing the forms of river 
valleys have certain social responsibili- 
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ties to the public which are not now 
bcine; met. The initial development of 
river-valley systems is comparable to 
the mining of ores. Just as economic 
considerations led to mining the best 
ores first, so the best water projects arc 
going to be developed first. Sooner or 
later, only second-rate units will be l(;ft 
for dc'vc'lopment. F.vc'ntiially, the point 
is reached at which a forced public de¬ 
mand is created for the continuation of 
a scTvieci whic?h oiiginally was a social 
good. Reclamation in the West has al- 
readv built upon thc^ best site's; now 
marginal sites are being built. Yet with¬ 
in the administrative units of govern¬ 
ment thc?re remains a sufTicic'iitly een- 
tralized cc^ntrol which is able to create 
public demand for a thing the public 
thinks it wants but for which it does 
not have accc'ss to information to know 
whether it is a good thing. When the 
seiemtist is involved in actually creating 
public demand for something, he had 
better be sure he is right. 

Tukey commemted that the research 
director of Oak Ridge National Labora¬ 
tory, one of America’s largest atomic 
research laboratories, had said that tlie 
time was in sight when problems in the. 
nuclear field of a scale rec^uiring such 
large laboratories for their solution soon 
would be solved.^ Perhaps one function 
of this present symposium was to or¬ 
ganize and redirect opinion, so that 
large-scale research could be under¬ 
taken on the problems here outlined. 

The discussion had indicated that 
perhaps it might be good for humanity 
to try to look for a unified future for 
human beings in whatever part of the 
earth they may be living. But Huzay- 
YIN begged to differ; he felt that, in 
spite of the existence of certain unified 

1. Alvin W. Weinberg, in a talk on “Future 
Aims of Large-Scale Re.search,'* presented on 
March 2, 1955, at the Pittsburgh Conference 
on Analytical Chemistry and Applied Spectros¬ 
copy, as published in The News (Oak Ridge 
National Laboratory, Tennessee), June 10 and 
17, 1955. 


nil 

lines, for the futuie of humanity we 
should always maintain divt'rsitv. We 
should not look here for solutions for 
different segments of humanity; 
should never try to put the human race 
into one mold, either matcriallv or spir¬ 
itually. It is, perhaps, most important 
always to maintain the balance bt'tween 
unity and diversity and betwt'cn the 
material and spiritual. We should kt't'p 
our own personality, at the same time 
ix'ali/.ing that we should live in har- 
monv with other personalities, with 
wliich we have something in common. 

Stewart brought out that the West¬ 
ern world has a very unusual culture 
pattern which holds culture change in 
technical things as a high value. We 
like new styles in clothes and in auto¬ 
mobiles, but we do not like new styles 
in government or new styles in religion. 
We are only partly for change, even in 
our own culture pattern. In the world 
as a whole, however, the pattern of not- 
changc is very much stronger than it is 
in the United States. We have devel¬ 
oped a very unusual culture pattern in 
approving change and holding it at a 
high vduc. The fact is that most of the 
world still holds at a very high value 
those things which do not change’; and 
con.sidcrs change itself bad in all areas. 

We should appreciate cultural diver¬ 
sity in what people value as important 
and good and realize that we are deal¬ 
ing with a world of many different pat¬ 
terns. Changes, if they do occur, do so 
at different rates. We have no bases in 
our experiences upon which to predict 
what people of other cultures will ap¬ 
preciate and how they will change. 

Anderson, in commenting that the 
United States is getting itself and the 
world into a terrible mess by not being 
able to face the facts of life, pointed to 
the need for a searching of hearts 
among Westerners before action is be¬ 
ing taken for the supposed benefit of 
other civilizations. An individual who 
denies the world as it is to himself is 
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psychotic. A civilization which will not 
face the first fact of human existence is 
psychotic. On this crib rirm, the United 
States not only belongs to tlie most psy¬ 
chotic of all civilizations but also is the 
most psychotic of countries in that civ¬ 
ilization. The two outstanding things 
about life arc that we get old and we 
die; birth we did not know about, but 
death we face. But people in the United 
States prefer to say, “I'm just as young 
as I ever was.” The outstanding fact of 
human existence is death, which in the 
United States is ignored. Americans are 
not half so wise as those in other civi¬ 
lizations, yet missionaries of all kinds 
are sent to other civilizations. 

Several speakers from countries out¬ 
side the United States had expressed 
concern at the spread of Western tech¬ 
nolog}’ and urban values into the so- 
called “undeveloped” areas. Evans ex¬ 
pressed delight at the real concern of 
most of the American members of the 
S}’mposium as to the ethics of this pol¬ 
icy of expansion. The problem is wheth¬ 
er American scientists can win over big 
business and government to this view. 

diatxxjue: planning and 

FREE CHOICE 

Ci.ARK regarded planners as rather 
snspiciouslv akin to missionaries and 
said that he preferred a world in which 
there are a number of ways of living 
and loving and eating and drinking and 
building and planting and playing and 
singing and worshiping and thinking. 
Perhaps tlie most serious thing happen¬ 
ing to us is the very heavy erosion of 
all these different ways of doing things. 

If we were, in fact, obtaining a hy¬ 
brid vigor from hybridization of cul¬ 
ture, we might be in better shape; but 
technological ad\'ance has granted to a 
very few the power—through war or 
propaganda or material success—to 
override and eliminate a very great 
many of these ways of doing things. A 


uniform world of forty billion Hopi or 
of Communists or of Israelis or of white 
Protestant Anglo-Saxon Republicans 
would be hell on earth—a world that 
would be neither worth living nor worth 
dying for. 

To illustrate the futility of planning 
(and also of race suicide), Knight told 
the following little story: “Once upon 
a time, there was a reflective individual 
who decided that the human race was 
a hopeless mess. Human history was a 
succession of horrors. It would be very 
simple to put a stop to the whole busi¬ 
ness by persuading people not to have 
children for one generation. So he be¬ 
gan the propaganda, and, being a good 
propagandist, he was successful. Being 
also a tough bird, he was the last human 
being left alive. As he was walking along 
the seashore between the woods and 
the waters contemplating with great 
satisfaction the termination of his life's 
work, what should he see but a bunch 
of big gray apes come out of the woods 
onto the sand and proceed to build a 
fire.” 

★ ★ ★ 

Tax thought that the divisions among 
the participants of the discussion had 
not been between scientists and human¬ 
ists but a division established by those 
who regard others as thinking they 
know all the answers. All probably 
share a common value that we should 
not take advantage of any power that 
we may have unless we have no alter¬ 
native and have to make a decision. All 
realize that we cannot know everything 
that is necessary in order to act with 
certainty. Certainty of knowledge that 
we know what is best without the will¬ 
ingness to say, “Just possibly were 
wrong,” is something that we cannot 
and should not tolerate. 

Mumford, in addressing those who 
are confident of their future predictions, 
added the classic words of Cromwell: 
“Brethren, bethink ye. By the bowels of 
Christ ye may be wrong.” 



The Unstable Equilibrium of Man in Nature 

Are the EaHh and Life Unique? 

How Many People on Earth? 

The Human Reaction 

Some “One World " Consequences 

And So the Story Continues 


Dr. Hai\rison Broa^n, as Chairman 
for the last discussion session, expressed 
the hope that remaining deliberations 
would take both the long view and the 
broad view. He began by presenting 
his own perspective concerning the 
problem, stressing the new view that 
had emerged during the last two dec¬ 
ades of the relation of the earth and of 
life on the earth to the exterior uni¬ 
verse. 

AJMi. THI.: EARTH AND LH'E UNIQUE? 

In the light of what is known, the 
process of solar-system formation is not 
an unusual thing. It appears to be re¬ 
lated to the process of double-star for¬ 
mation. As we know, double stars exist 
in our universe in numbers which far 
exceed those which would be expected 
solely on the basis of chance or random 
comings-together. Indeed, we can look 
upon our own solar system as almost a 
double-star system, in which Jupiter, 
the largest planet, did not become quite 
large enough to be a star in its own 
right. 

This view has considerable conse¬ 
quences: of the 1,000,000,000,000,000,- 
000,000 (10“^) or so stars which can be 
seen through the Mount Palomar tele¬ 
scope, something like 1,000,000,000,- 
000,000 (10^®) may have components 
which are not stars (being too small to 
generate thermonuclear reactions) but 


are what we call “planets.” The concept 
of the existence of perhaps a million 
billion planets is a breath-taking 
thought—something quite new that has 
emerged from research during the 
course of the last two decades. 

Life' emerged on earth, we know' not 
how. But the question arises; Is life 
unique, or, if given the opportunity, 
would life emerge wherever the chem¬ 
ical-physical environment was condu- 
civf‘ to the emergence of those chemical 
reactions necessary for life-processes? 
If a planet possessed what w'c might 
call "‘chemical flexibility”; that is, if it 
were not so hot that complicated com¬ 
pounds could not form; if it were not so 
cold that things could not move; if it 
were not so large, like Jupiter, as to be 
composed almost entirely of hydrogen 
and helium; if it were not so small as 
tht^ moon or Mercury that it contained 
no atmosphere; but if the planet had 
characteristics in between—would life 
emerge as a natural end product of 
chemical processes? 

With one case (the earth) out of one 
possibility our statistics are poor. An¬ 
other intriguing possibility is Mars, 
w'hich has a remarkable blue-green area 
that appears to shrink in the Martian 
summer and to expand in the Martian 
spring. The infrared reflection spectro¬ 
gram of this area is very different from 
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that of the backgroui'd; tlic color 
effects arc exceediiigfx iHikcult if not 
impossible to explain ' * a purely inor¬ 
ganic basis. It seems ;i e possible that 
wliut vve see on some foim of 

plant life existing nnih'V very rugged 
conditions. And ther^' an' on Afars car¬ 
bon dioxide and w ali r—tlie ingredients 
for pho tosyniliesis. 

if life exists on Mars, then there are 
two cases out of two possibilities. Keep¬ 
ing in mind tli.it we have possibly a 
million billion (10^^) solar systems 
and pessimistically guessing that only 
one out of a thousand has its planets 
not too close to its sun, is not too far 
away, not too large and not too small 
for conditions in which life could 
emerge, th('re still would be a thousand 
billion (10‘“) planets possessing life. 
This long view permits consideration 
of an incredible variation of life-forms 
that puts to shame the variety of life- 
forms on earth. 

On our own earth, life is a very, very 
thin film. All living substances could be 
wadded into a ball of a size in relation 
to the earth as a mosquito is to a melon. 
And within that thin film of life, which 
starh'd perhaps two billion years ago, 
there has b('en ceaseless change. We 
ha\'(.’ rather good evidence that the 
t'arlh itself started four and a half bil¬ 
lion years ago. It took a very long time 
before the life which did emerge 
h arm'd how to precipitate calcium as 
shells and eventually bones. All life that 
has existed since the beginning of the 
Ckimbrian occupies but one-eighth of 
the total time span for the earth as a 
whole. Man emerged about a million 
years ago, o that all the history of man 
is really but a point in the geologic time 
scale. Measured in this manner, historic 
man occupies a point that scarcely ex¬ 
ists. 

Throughout the span of time in 
which life has been on earth, there has 
been evolution of new species and ex¬ 
tinction of old. A species comes into 


existence; it fills a niche; then its envi¬ 
ronment changes, either for external 
reasons or because the living species 
itself changes its environment, and th(' 
sjjecies becomes extinct Alan, geologi¬ 
cally speaking, is very young, yet he 
has come to effect most conspicuous 
changes in his environment. The ques¬ 
tions we must ask are: Are creatures 
possessed of the power of conceptual 
thought here to stay on earth, or, like 
othe'r species around him, is man 
doomed to extinction? If so, by what 
mechanisms and when? 

Of course these questions are inark- 
('dly involvcxl with the whole factor of 
culture. In India, New Delhi, Madras, 
Calcutta, or Bombay might be wiped 
out, and this would not have the slight¬ 
est effect upon the people* in the re¬ 
moter villages. It might even be twenty 
years before tliey heard about it. Con¬ 
trast that situation with the United 
States, where the wiping-out of even 
one city might have a marked effect 
upon the whole country. In an indus¬ 
trial society the wiping-out of half the 
cities does not result in having half the 
country left. As in an ecological net¬ 
work, everything is directly and indi¬ 
rectly linked to everything else; if one 
thing is affected in the network, the 
whole equilibrium is upset. So in the 
web of industrial production, all is di¬ 
rectly or indirectly linked to everything 
else, and the wiping-out of but a rela¬ 
tively small fraction of our industrial 
civilization could well result in the 
bieakdown of the whole. 

Also there must be kept in mind the 
distinction between two environments. 
First is the natural environment in 
which man emerged—which, in effect, 
molded man by determining his bio¬ 
logical characteristics—and in which 
man is intimately a part of nature. Sec¬ 
ond is the environment which man is 
creating with his technological activity. 
How is this new environment affecting 
mankind's existence? And here in our 
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discussion it is important to stress again 
the diflFerence between what we think 
will happen and what we hope will 
happen. 

Man's existence on this earth, from 
the point of view of technological civi¬ 
lization, requires a great deal of “food” 
in the form of ores and in the form of 
fuel. The first men who used metal 
tools picked up pieces of pure copper 
ore, which is rather thinly distributed 
over the earth's surface. The first man 
who used coal picked it up near the 
surface of the ground. As time has gone 
on, we have had to dig ever more deep¬ 
ly for leaner ores at the expense of re¬ 
quiring a great deal of technology. It 
takes much more technology to drill an 
oil well five miles deep than one a hun¬ 
dred feet in depth. This process of in¬ 
creasing complexity can be continued 
so long as our tools and our elaborate 
technological network are maintained. 
But imagine a world of Neolithic men 
which had been denuded by a previous 
technological civilization. Could metals 
and external sources of energy again 
come into use without easily available 
coal seams and easily available copper 
and iron? Are we so changing our en¬ 
vironment by eating up these easily 
available ores and fuels that if the boat 
is rocked (biologically, or by hydrogen 
bombs, or by other ways) it would be 
difficult for a technological civilization 
to start again? Darwin added that, in 
the long eons of time before us, the 
process will at some time decay and 
that therefore our present civilization, 
however long we keep it going, is 
doomed. 

Darwin also pointed out that Brown 
did not go as far as he might to have 
our flesh really creeping. The ‘liydro- 
gen** bomb we now have is fortunately 
not of hydrogen but of deuterium. If it 
were a true hydrogen bomb composed 
of protons, and if we knew how to set 
it off, we should get enormously more 
energy; but it is extremely probable 
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that such an act would set fire to the 
whole sea. There would appear a blaze 
of the brilliance of the sun for some¬ 
thing like three weeks or three months, 
and then it would be over. We know 
that there have been two or three of 
these supernovae in the galaxy during 
historic time. Thus, since the galaxy is 
but a “limited” part of the universe, 
statistics suggest that about every five 
hundred years, on the average, one of 
these thousand billion (10^^) planets 
with life has developed not the deute¬ 
rium bomb but the hydrogen bomb! 
May we hope that we do not discover 
it. 

Chairman Brown thought that, in ad¬ 
dition, we should look rather intensive¬ 
ly into the biological effects of indus¬ 
trial civilization. What is industrial civ¬ 
ilization doing to man biologically and, 
from a long-range point of view, genet¬ 
ically? The term “industrial civiliza¬ 
tion” was here used in the broad sense 
to mean the use of energy and tools 
within a framework of any culture pat¬ 
tern—not necessarily that of America or 
of Western Europe. The use of energy 
and tools is spreading to the Orient, 
and, barring a world catastrophe, it is 
inevitable that countries such as India 
and China will develop high levels of 
industrial activity. This is as inevitable 
as was the spread of agriculture over 
the world which superseded the previ¬ 
ous world of hunters and food-gather¬ 
ers. 

now MANY PEOPLE ON EARTH? 

Darwin stated that he was an abso¬ 
lutely convinced Malthusian. It was the 
cirstom for a long time, though much 
less so now, to decry Malthus by saying 
that none of the ten'iblc things he fore¬ 
told came to pass during the last one 
hundred and fifty years. But there 
were two sides to the Malthus equa¬ 
tion: population and subsistence. 

Malthus was demonstrably and ab¬ 
solutely right over the first and most 
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important part of his thesis. He fore¬ 
told the geometrical increase of popu¬ 
lation which happened. The population 
of England has quadrupled in a cen¬ 
tury. Now, quantities of experiments 
have been done on colonies of insects 
which, even when they are provided 
any quantity of food and the water 
closet is cleaned out every day, reach in 
some curious way a peak of population 
and then do not continue to increase. 
Yet there is nothing as far as can be 
seen in the Malthusian principle to pre¬ 
vent their increase. However, man is 
not that kind of insect. At any rate, un¬ 
til he gets very thick, man certainly is 
an example of the Malthusian system. 

Where Malthus went wrong was on 
the supply side—the other side of the 
balance of his equation. What he could 
not foresee in 1799 was the develop¬ 
ment of transportation, including the 
railways, which made possible the 
rapid filling-up of North America, so as 
to remove the population pressure from 
Europe both by emigration and by the 
transport of food. The great open 
spaces of the New World for a hundied 
years have fed the Old World and kept 
it going. This has been a unique period 
in history, when the subsistence side 
of the Malthusian balance developed 
so rapidly that it could offset the rate 
of growth of humanity. Furthermore, 
Malthus could not foresee the great 
developments in science leading to the 
technological improvements which have 
made it easy for men to live together at 
so much greater densities. 

Now that there are few empty spaces 
left, the s(’cond part of Malthus' equa-’ 
tion—the supply of food—is assuming 
importance. Malthus, of course, spoke 
only of food production; today, Ordway 
and Brown speak of mineral and fuel 
consumption. Many of the quite 
common minerals—essential industrial 
“foods”—are beginning to go short. 
These must be included in the Malthus 
equation, because the level of our civili¬ 


zation and its ability to sustain great 
concentrations of populations at that 
level depend on such things as copper 
for electric motors. 

The subject that looms importantly 
large for humanity is the question of 
population increase. At a coirference on 
population held in Rome in 1954, it 
was quite apparent from the calcula¬ 
tions of all the demographers that, do 
whatever we can, short of a real catas¬ 
trophe, the population of the world in a 
hundred years will be not the present 
two billion four hundred million but 
will be six billion. This population in¬ 
crease can be supported, but only if 
agriculture everywhere, including the 
undeveloped countries, is developed to 
its fullest. But there would have to be 
something quite revolutionary in the 
way of agriculture to get beyond a six 
billion population. Even an error in this 
estimate by a factor of two merely post¬ 
pones the evil day when agriculture is 
defeated by population another fifty or 
sixty years. We have got to face the fact 
that over the long ages population 
must decrease as well as increase. This 
has not been our experience for two 
centuries now, and most people are 
therefore inclined to regard this fan¬ 
tastically abnormal period of world 
history as though it were normal. The 
necessity for periods of decrease may 
be demonstrated by some simple arith¬ 
metic. We know that population now 
will double in a century. If we then 
work it out, at the end of two thousand 
years there would be on the land sur¬ 
faces of the earth only standing room 
for the mass of people and no room for 
them to lie down. 

Actually, population has been dou¬ 
bling much faster; standing room will 
more likely be reached in one thousand 
years rather than two. This is a fantas¬ 
tically exceptional period in human his¬ 
tory in which to be living. It cannot 
possibly continue. Would not three bil¬ 
lion or four billion living in compara- 
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tive comfort make a better world than 
six billion living in squalor? Do we not 
want to have more than just standing 
room for our population? The point is 
that human experiments take a long 
time. If we want to discover how to 
limit population, practically any experi¬ 
ment we do on it cannot really be com¬ 
plete under the minimum of forty years. 
It is not enough to change the birth 
rate; before we can be satisfied that we 
have done any good, we must know 
what kinds of people are the result of 
that change in birth rate, and this can¬ 
not be known until they are thirty or 
forty years old. 

It is impossible to exaggerate the 
urgency with which anyone who be¬ 
lieves that anything can be done about 
the problem should start dealing with 
it. There are two sides to the process: 
the social and the biological. On the 
social side experience shows that con¬ 
siderable changes in the population 
numbers can be made by legislation 
and by economics. For instance, France, 
by a system of family allowances, has 
built up its population quite a bit; 
something similar has been done in 
Sweden. Finding that they were de¬ 
creasing, each group was able to re¬ 
verse the trend. On the other hand, eco¬ 
nomic depressions led to lower num¬ 
bers of children being born. On the 
social side there are not only legal eco¬ 
nomic stimuli but, most disturbing of 
all, the possibilities merely of fashion. 
Twenty years ago among the better-to- 
do classes there were rather likely to be 
two children in a family. A good deal 
of that, perhaps, was that Mrs. Jones 
thought that Mr. and Mrs. Smith were 
being a bit voluptuous and licentious 
when they had four or five children. 
Now, on the other hand, it is going the 
other way round: Mrs. Jones sees all 
the little Smith children playing round 
in the garden; she is certain that all her 
children are much superior to the little 
Smith children; and so she insists on 


having more than the Smiths. It may 
seem surprising, but the most menacing 
increase of population in the world at 
the present time is found in the United 
States. 

On the biological side there is the 
question of contraceptives. They are 
not very successful, but the small 
amount of effort—reflected in money 
spent—devoted to this problem is ludi¬ 
crous. Three or four hundred thousand 
dollars recently have been devoted to 
the study of contraceptives, whereas 
something like twenty million dollars 
a year is being spent in the United 
States on cancer. It is a fantastic upset 
in the proportion of importance be¬ 
tween those two subjects in terms of 
world problems. Dabwin did not be¬ 
lieve that we will succeed in the long 
run in stopping population increase 
from being purely automatic, but, he 
admonished, “Do not let us be blamed 
by our descendants for not trying.” 

Banks discussed the changing pattern 
of disease as seen in his own lifetime. 
In 1904 the infant mortality rate in 
England was 153 per thousand, but it 
has now dropped to about 26, whereas 
the expectation of life from birth lias 
risen within our lifetime by about thirty 
years. In our own lifetime, almost while 
we watched, the pattern of disease has 
changed out of all recognition. The 
great killing diseases of infancy and 
adolescence have given place now to 
cancer, which is the current first killing 
disease, and to degenerative diseases 
of the cardiovascular system. The 
second thing which has emerged is the 
increasing proportion of mental illness. 
Nearly 50 per cent of all hospital beds 
in England and the United States are 
given over to mental patients. In Eng¬ 
land, 21 per cent of the patients in 
those hospitals are over sixty-five years 
of age. 

We are entering a period of very 
delicate equilibrium with a smaller 
proportion of healthy children and a 
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larger proportion of healthy adults. T.he 
picture has changed from a state when 
disease was almost a normal pattern 
and complete health abnormal to a 
state now when health is normal and 
disease is an abnormal interlude. But 
what is going to happen in the future 
with industrial hazards of which we 
know very little: the unknown ('ffect on 
heredity of thes(^ compounds which 
affect not only the genes but the germi¬ 
nating tissues and the early critical 
months of the fetus in utero. Although 
it looks, in the long view, as though we 
are on the vc^rge of a utopia, with a 
community so healthy that it can go 
right ahead with all its projects, the 
equilibrium is still an ('xtremely un¬ 
stable one. 

Osborn continued by saying that he 
believed in the tendency of the Mal¬ 
thusian principle. But it is a tendency 
that is very liable to work, not a fact 
that must work. The opinions of world 
agriculturists that the food needs of six 
billion persons can be met arc highly 
(piestionable prophecies. We are not in 
one context now in meeting the world 
needs for food—not just the basic quan¬ 
tity, but the quality of food which is 
desirable for a minimum optimum nu¬ 
tritional diet. The relevance of a poor 
nutritional diet for health, energy, and 
creative impulses in man is too well 
known to dwell upon. We have no ref¬ 
erence to what food production is in 
the world except for the appraisals and 
status r(‘ports produced by the Food 
and Agriculture Organization of the 
United Nations. Are these statements 
as accurate' as perhaps they might be- 
theoretically? 

There is a fundamental need for a 
harmless, ellective, simple, economic 
check to human fertility. A study is 
now being made of the social and polit¬ 
ical eflFects that may occur if, as, and 
when such a harmless control is dis¬ 
covered. Various reports by the govern¬ 
ments of India, Japan, Jamaica, etc.. 


constitute extraordinary signs that pop 
ulation increase is being recognized as 
a critical and vital problem. 

Leopold spoke on the question of 
time in population dynamics. Tlie study 
of population in birds and animals has 
bc(‘n concerned for a long time with 
the qiHJstion of population eruptions. 
There are many species—quail, grouse, 
rabbits, deer, and others—whose popu¬ 
lations are characterized by rapid fluc¬ 
tuations up and down. For example, in 
quail, the maximum density which can 
be supported over a long period of time 
is one bird per acre (regardless of the 
fact that they live in coveys, not as indi¬ 
viduals). The eruption is characterized 
by supersaturation, which is unstable. 
The cutting-down of the supersaturated 
population in birds and mammals can 
be related, as far as we know, to such 
things as disease and food. Yet there 
are also indications that in certain 
species there are psychological-physio¬ 
logical changes which might be opera¬ 
tive but of which next to nothing is yet 
known. From what little has been dis¬ 
covered, the decrease in population 
seems to be related to quality of food 
rather than to quantity. Time presum¬ 
ably has not been long enough to in¬ 
dicate whether these principles might 
be operative in human populations. It 
is not impossible, however, that they 
are; the rapid increase in mental dis¬ 
ease might actually be one of the symp¬ 
toms comparable to the kinds of things 
that are being shown in the new re¬ 
search in the population dynamics of 
birds and animals. 

Assuming that practicable means 
can be found to restrict the number of 
human beings, Egler, in writing, men¬ 
tioned one factor that has not yet di¬ 
rectly appeared to thwart such means 
but which in his opinion would appear 
just as soon as population controls ap¬ 
peared imminent. He referred to pres¬ 
sures from organized industry. Indus¬ 
try, particularly American industry, has 
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in recent years become a relatively in¬ 
dependent facet of society, bearing 
many aspects of the ‘"organism*" of holis¬ 
tic thought. It is becoming increasingly 
aggressive for its own interests, even 
when these appear to conflict with 
other interests of society. There are 
two major ways for industry to grow, 
which it clearly recognizes. One way is 
to sell more goods to the same people. 
In this respect, they raise the “standard 
of living,” and most Americans think 
that they are better off. The entire ap- 
plicid-psychology field of “motivation 
research” is directed toward these ends, 
and every possible weakness of gullible 
buyers is exploited. The other way is to 
sell goods to additioruil people, and, for 
this purpose, industry is openly antici¬ 
pating future increases in population 
with all the eagern(\ss of a hungry ani¬ 
mal drooling at the prospects of a big 
meal. It was P](;lkh*s thought that, if 
any suitable means are found to limit 
human populations, organized industry 
will rise in an opposition that is more 
effective than that now provided by 
religious motivations. 

Gourou, in writing, did not think it 
scientifically practicable to be preoccu¬ 
pied with world population. Changes 
of world population are the result of 
combinations of local changes. It is 
these local changes that ought to be 
made the object of scientific studies. 
What would be necessary and profit¬ 
able are studies of types of demograph¬ 
ic evolution (not theoretical types, but 
real types, such as for the Indian Re¬ 
public, northwestern Europe, the 
United States, and Japan). 

THE HUMAN REACTION 

Galdston stated that he did not 
share Darwin's pessimism about the 
world, perhaps because Sir Charles was 
a physicist, and he, a psychiatrist. Per¬ 
haps the pessimism Darwin had voiced 
dealt not with the universe but with 


man. It is possible to accept Mai thus 
as a good scientist but not as a prophet; 
there is too much of a self-regulatory 
mechanism operating in mankind. 
There has been a good deal of talk 
about man not being logical—tlie impli¬ 
cation thereby being that man was 
therefore illogical—but this is wrong. 
Man has many more important things 
to do than to botlier eternally about 
logic. The reason for this is that life 
itsc'lf is not logical. Most of the truly 
important things in life have no logical 
explanation or no logical warrant for 
them. Life is not logical; it is biological. 
Is it logical to produce children and, as 
Francis Bacon had said, “give a pledge 
to all eternity”? Life transcends logic. 
Man has a much more important thing 
to do on earth, and that is to fulfil his 
destiny. But let us shed the word “des¬ 
tiny” and use son)ething more scientifi- 
callv acceptable, such as “man has a 
commitiiK'nt to fulfil his architectonic.” 
Whc'ii the sperm and ovum unite to 
form a fertilized ovum, there is initiated 
a drama which embraces the total des¬ 
tiny of man and which involves the 
realization of his architectonic. The 
architectonic; is reflected in a time- 
bound scheme of eventuation. In nine 
months, if the calendar is counted cor¬ 
rectly, a human being results. The fetus 
which matures during this period and 
comes forth as a human being is the 
carrier of an architectonic which it will, 
with some variations, follow. This archi¬ 
tectonic is both very definite and very 
beautiful. We know that it will grow, 
by accretion, following certain meta¬ 
bolic processes, controlled by certain 
factors, from seven pounds to a hundred 
and some. Thus, just as soon as the 
essential growth by accretion has been 
completed, the gonadic functions take 
over, epiphassal cartilage disappears, 
longitudinal growth is no longer pos¬ 
sible, and now the organism is pre¬ 
pared for the operation which is no 
longer growth by accretion but growth 
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by repi eduction or, as we might say, 
by “procretion.” 

Tvvo individuals of opposite sex then 
unite to effect the ]irot ess of childbear¬ 
ing. I'his involves a tremendously com¬ 
plicated physical. (‘lulocrinological, 
physiological, taiiotional, and social re¬ 
orientation. The ijulividiial s innate ai- 
chite*ctonic can ht' disrupted. The indi¬ 
vidual can be snbjec ted to some degree 
of dur('ss. but, if pnvsscxl beyond a given 
degree, tla' creature does not change; it 
curls up and dies. This innate architec¬ 
tonic has lu'cn built up over hundreds of 
thoiisuncls of years. It has been sub¬ 
jected in the last three hundred years 
to a pressure such as never before wit¬ 
nessed in history. In physical ways 
(food, health), the environment has 
bet^n improved as a consequence of 
the industrial revolution; psychologi¬ 
cally, perhaps, we have not caught up 
at all. Maybe a good portion of the 
mentally sick persons who occupy 50 
per cent of our total of beds are there 
not so much because they are mentally 
sick as because the world is sick. When 
we take a look at some schizophrenics 
and listen to them, one is at times per¬ 
suaded that their logic is a lot better 
than ours. They do not like the world; 
the world is wrong, and perhaps there 
is a great deal of reason in that. Man 
has a self-regulatory mechanism, but 
he can be pushed only so far, 

Man has been thrown into severe dis¬ 


but psychological. This architectonic 
may operate to balance out overproduc 
tion, overmisery, overthreat, and any 
thing else which threatens to liqui¬ 
date the universe in the glorious fire oi 
the seas. 

Heicuklhkim remarked that the liel 
Icnistic and Roman worlds also suf¬ 
fered from mental disorganization, just 
as does our own time. With the psy¬ 
chiatrist, Dr. Alfred Storch, Heichel- 
heim had analyzed genuine dreams 
found in the Serapeuin at Memphis and 
believed he proved that the feeling of 
psychological insecurity at that time 
was unusual—even when compared to 
today's in Storch's experience. But the 
healing force for this was the rise of 
Christianity. For example, when a per¬ 
son went over to the new religion of 
Christianity, he came into conflict with 
such a law as that which forbade the 
taking-home of babies which had been 
exposed by their parents to die. Greek 
and Roman law made it possible for a 
father to say whether he would accept 
a child; if he did not, it was exposed to 
die, and a law made it illegal to save 
such babies. There is no doubt that this 
horrible custom came to an end by the 
interference of Christians, who secret¬ 
ly took these children home and 
brought them up as members of Chris¬ 
tian families. As a result, the population 
increased. When we meet modern 
movements of this kind, which of 


equilibrium by the industrial revolution 
and by its concomitants, but perhaps 
the “st ll-righting principle” will make 
us aware of some of the untoward ef¬ 
fects and sharpen our enterprises to' 
correct them. Art and science should 
facilitate man's living in and with 
nature. It should reconcile man to na- 


course cannot be exactly like those of 
the first post-Christian centuries, per¬ 
haps it is important that we think more 
carefully about whether there is not a 
healing process of our civilization in 
these movements before we try to im¬ 
pede them. 

Seidenberg stated that the basic 


ture and not alienate him. For this we 
need, on the one hand, an awareness 
of what science both promises and 
threatens and, on the other hand, a 
basic concept of the innate architec¬ 
tonic of man which is not only physical 


problem confronting us is not technol¬ 
ogy but culture in relation to tech¬ 
nology. We are in danger of a cultural 
break now under our present system of 
technology. Technology has certain so¬ 
cial implications, the main one per- 
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haps being that technology implies an 
increasingly organized world. Such a 
system favors the kind of people for 
whom an organized world is the proper 
habitat. Galdston has reminded us of 
the increase in the number of malad¬ 
justed people in a maladjusted civiliza¬ 
tion. Tliis means that, at least in the 
long run, there may be an elimination 
of these maladjusted people as an influ¬ 
ence upon the system. In that event the 
values of technological civilization will 
prevail. Is it not possible that the “ad¬ 
justed” people will become totally 
dominant, so that we reach neither a 
point of collapse nor the mountaintops 
but a plateau existence? This would be 
a long-range final adjustment in which 
we are not going to realize those high 
spiritual values that the past has given 
us. 

Tax thought that man as a species is 
facing perhaps the second great crisis 
in human history. The first was when 
man as an animal became conscious 
and realized his individual mortality. 
The reconciliation of people to the fact 
that their egos are going to be de¬ 
stroyed was a great human achieve¬ 
ment which in part gave rise to a great 
deal of what we think of as culture. 
Every individual has to make the rec¬ 
onciliation, but the culture now pro¬ 
vides him some tools and some support. 
The reconciliation of the individual is 
made by thinking either of immortality 
or of the self-fulfilment of the individ¬ 
ual, or both. 

In accordance with Brown’s presen¬ 
tation of the future, the problem with 
which man is now faced for the first 
time appears to be that not only is he 
as an individual, a species, mortal but 
so, too, is the planet. The beginning of 
reconciliation to this, of course, is the 
thought that there are many millions of 
other planets with people—that we are 
not alone—and so all will not die with 
us. But, unless communication with 
some other planet is achieved, we can¬ 


not fulfil the great human desire to pass 
on our collective ego. Of course, man 
can always fall back upon the basic- 
religious notion of immortality, which 
also is a way of reconciliation; but the 
reconciliation that seems to be taking 
shape is that, though man’s days be 
numbered, he should do the best he 
can, just as an individual should in the 
time he has. 

It is a remarkable thing to be living 
in an era when such a basic revolution 
occurs. We have come to the point 
where it appears to be possible that 
man’s life on earth can be ended much 
sooner. As man faces reconciliation to 
this, he has again to look at the duality 
of human existence, one side of which 
is represented by the general notion of 
progress, the other side of which is 
identification with the universe. The 
two prototypes of ways of reconcilia¬ 
tion are the Western and the Indian 
ways of looking at things. Will man¬ 
kind be satisfied to exist on the earth 
without attempting to communicate 
with some other planets? In the build¬ 
ing of space ships our engineers hap¬ 
pily take leadership. The other recon¬ 
ciliation is to develop within ourselves 
the fulfilment of a total existence. The 
bridging of this fundamental dichotomy 
might be what is necessary for man to 
continue to exist on the planet as a 
whole psychological being. 

Clark did not think it particularly 
useful to focus attention on man’s im¬ 
minent end, which is becoming a fasci¬ 
nation. It probably does not lie within 
our power to do very much about it. 
Meanwhile, he earnestly hoped we 
would not try to communicate with 
other planets, because essentially our 
problem is the degree and facility of 
intercommunication among men. It is 
possible to interpret the history of cul¬ 
tural development in terms of media 
of communications, both from one gen¬ 
eration to the next and from one man, 
tribe, city, or larger political unit to 
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another. Our desperate illness—a severe 
social and ecological pathology—has 
come not because we know too little or 
what others are doing hut be?cause we 
are bombarded witli information about 
it. There are perhajis certain optimum 
rates of cultural .'»!'sorption, and these 
rates have been f.ir surpassed. We have 
probably far too many people, and we 
are far too close'Iv identified with too 
many of our fellows. It is said that we 
cannot resist the one-worJd tendency, 
but, if we must plan for the future, let 
IIS have a deliberate redaction of inter¬ 
communication. We really ought to 
stop worrying about making all men 
and all gods over into our own images. 
The question is, really, what our dis¬ 
cernible ends may be. Not many of us 
could distinguish the superior from the 
inferior, outside of our own particular 
group. So let us establish local option 
that lets people breed and live and die 
in their own way and make fools of 
themselves if they want to. 

Ctjkson spoke about hopes and pos¬ 
sibilities for the future equilibrium of 
man and resources. We are not limited 
only to observing streams of develop¬ 
ment in nature and in society, but we 
are enabled by our intelligence to act 
to the benefit of the human race and 
the earth. We have arrived at a certain 
point of crisis where decisions have to 


of man-nature relations. The intelligent 
and ethical action of planning requires 
thought not in terms of this year or 
next but in terms of future generations 
over long-range periods. Also there 
must be change in thought about our 
scale of .space as a consequence of de¬ 
velopment of communications and 
transportation all over the world. Spe¬ 
cific regions and populations are to be 
considered in relation to total earth 
space. 

Burkp: followed on Galdston's (earlier 
comment with the thought that environ¬ 
mental disorientation perhaps has led 
to mental illness. The extent to which 
a society is out of kilter with the eco¬ 
logical realities, whether biological or 
social, and of the world around it is a 
di.sorientation which may be reflected 
in basic illnesses. 

Steinbach observed that much of 
the environment that technological 
man creates for himself and which 
should be fitted into his sense of values 
comes essentially from an “as if*' philos¬ 
ophy. For example, if we today wiped 
away all our knowledge of the control 
and application of antibiotics, ten 
years from now we would have no use 
for our store of those antibiotics, for 
they would not be effective, and we 
would have all the old diseases right 
back again. There tends to be an ac- 


be made. This moment of decision¬ 
making is also a moment of great 
chance for realization of improvement. 
In ord(‘r to realize an improvement in 
life, w(' need positive cultural and 
ethical goals. We should never take 
these aims and goals as world wide; 
every part of the world does not have 


ceptance of the fruits of technology 
without a realization that they stem 
from man's really greatest resource—his 
imagination and ability to use it in a 
way that we call “scientific.” 

Klimm added that man has always 
been able to get into trouble with his 
environment but that there are societal 


to act in the same way or use the same as well as physical aspects to that 
means in ordt i to solve the problems of environment. Burke continued that 


its emergency. 

We should not look for ab.stract total 
conceptions of world-wide develop¬ 
ment but should rather try to make 
small steps in different parts of the 
world, in order to begin improvement 


Clark's decrying that many millions of 
people cannot pursue their own des¬ 
tiny seems to be a product of an envi¬ 
ronment in which there is a large mar¬ 
gin of resources that can be wasted. 
Glikson's comment about the need for 
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planning to assure an adequate exist¬ 
ence reflects an environment in which 
there is a small margin of resources. If 
we are living in a psychotic civilization, 
and if we have disregard for what we 
leave our offspring, this does not help 
matters the more. It has been said that 
it does not make a bit of difference 
what kind of world is left to corning 
generations: What they did not know 
would not hurt them, for they would 
simply adapt to their environment de¬ 
spite its differences from our time. But 
such an attitude overlooks that we are 
passing on to them classical traditions 
and other ideas about the good life 
which presupposes a world that they 
might not have. We are setting up 
problems for our offspring that we can¬ 
not as yet begin to visualize as prob¬ 
lems. 

It also seems that, if any valid work 
is to be done in the sciences and car¬ 
ried through to fruition, it cannot be 
carried on in a vacuum. In a society in 
which the bulk of the population pos¬ 
sesses the right to vote on what will be 
carried out and contributes support for 
scientific work, we can operate only on 
the assumption that there is a need for 
more communication, not less. 

Schaefer rose to speak as an opti¬ 
mist. Man is an adaptable creature, and 
a few at least resist efforts of enforced 
conformity. The current tendency of 
business to elevate management to a 
pedestal and to attempt techniques for 
large-scale control of man's actions is 
leading rapidly to a pattern of conform¬ 
ity which militates against free will, 
discourages new ideas, and drives away 
the brilliant and unorthodox thinkers so 
important for developing new ideas and 
concepts. The encouraging feature of 
this new development is the exit of the 
nonconformists to universities, small 
businesses, and laboratories and the 
rise of the individual consultant, who 
often sells his skills, abilities, or services 
to the same group which drove him 
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away by their inflexible rules and or¬ 
ganization. So long as such readjust¬ 
ments are feasible and continue to 
occur, we m£.y take heart in the con¬ 
tinuation of freedom and advance in 
our understanding of the world. 

Wi'rrFOGEL noted that speakers were 
dealing with the future of mankind on 
two levels: one, the far-distant future; 
the other, the operational future, which 
is near by. It is very important to de¬ 
velop something different from the pre¬ 
vailing mood of shallow optimism that 
man gets better and better and more 
clever and ^nore harmonious all the 
time. It is very important for both the 
wisdom and the dignity of man to build 
and develop into one's self an element 
of stoicism. Actually, man knows only 
a very small part of the cosmos. Let us 
not lose ourselves in the long perspec¬ 
tive. Our task is to concentrate on the 
near-by future. 

The crisis of our time occurs on many 
levels—in religion, in political science, 
and in values. Where are we going? 
There is a self-critical attitude which 
is negativist and defeatist, paralyzes us, 
and prevents our going ahead. Some 
have said that the early despotic em¬ 
pires, where commercial competitions 
played no role, enjoyed harmonious hu¬ 
man relations. But, il we study the 
facts carefully, we find that this is not 
the ca.se. There is much talk about 
alienation—people feel lonely. But the 
critics do not realize that the great 
second industrial revolution which we 
are now experiencing is not only the 
destroyer of old forms but the builder 
of new forms of community life. 

The partial alienation of man, which 
we know, is sometimes bitter, but it 
cannot be compared with the total 
alienation under total power. There the 
individual is completely broken away 
from his fellows because distrust and 
fear stalk unchecked. There he can be¬ 
come alienated even from his con¬ 
science by being brain-washed and 
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completely blotted out as an autono¬ 
mous human being. 

We can observe the crisis in the 
schools. The youngsters in graduate 
school ask, “Whert' are we going? Are 
there no values? Aie we really noth¬ 
ing?” Perhaps \vc eifizc'ns of the West 
are not so good as the great tradition 
we inherited. W e inherited unique tra¬ 
ditions of freedom which we shall de¬ 
velop the better, the better we under¬ 
stand their unique value. 

Pfeifer agreed that the present situ¬ 
ation is unpleasant but that perhaps it 
is not the technological factor but the 
political factor that makes it so. We live 
in a divided world whose parts are 
technologically and culturally unequal 
and with economical-political and so¬ 
cial-political tendencies on the part of 
some to enforce development of other 
parts. Among other things, the flow of 
food supply is disrupted. Questions of 
man's future are discussed altogether 
too much from the basis of the Western 
world experiences during the last few 
centuries. We of the West inherited the 
old traditions of the classical world; we 
have somehow renewed them, partly 
embodying the things of practical 
times, and made them into something 
new. Happily, there are still human 
reservoirs of mankind with other cul¬ 
tures. Perhaps they suflFer now from the 
impact of our overwhelming Western 
society, but what will they do with our 
achievements? It is certain that the In¬ 
dians, the Chinese, and the Africans 
will embody our ideas and techniques 
with new features when they take them 
over, even though with perhaps the loss 
of certain things which we think impor¬ 
tant to our society. 

SOME “one world” CONSEQUENCES 
Anderson stressed the importance of 
what is known in technical genetics as 
the “Sewall Wright effect.” Evolution is 
most rapid in small, semi-isolated popu¬ 
lations. That is, rapid progress in the 


shuffling-together of innate differences 
to produce something that fits a little 
better into the environment demands a 
small, semi-isolated population. One of 
the troubles in the modem world anc 
its future is the breakup of small, semi- 
isolated populations. Hybridization of 
human beings is a very good thing, but 
the immediate result—the production of 
hybrid vigor—poses special problems. 
One example is the American propen¬ 
sity toward action rather than toward 
contemplation. Another part of the 
world where the problem of hybrid 
vigor looms larger than elsewhere is 
Israel. Bringing together into one na¬ 
tion hybrids from many parts of the 
world will produce a tremendous vital¬ 
ity. 

Wherever variation in evolution ulti¬ 
mately may come from, it is produced 
many times faster during hybridization. 
The percentage of useful mutations is 
extremely small. Therefore, all the ex¬ 
tremes of human variation should be 
treasured. By analogy, plant-breeders 
of two generations ago began to im¬ 
prove maize very rapidly; only at the 
insistence of the hybrid-corn companies 
has the New World been combed for 
the kinds of funny, old, no-good corn at 
which the plant-breeders turned up 
their noses. Thus, for a geneticist, the 
greatest treasure that Homo sapiens has 
are the little people who are off in a 
comer and are different. 

Steinbach, also, felt that, in the biolo¬ 
gist's view, there is every reason why 
any plans for the future should involve 
a minimum of control as regards organ¬ 
isms and especially as regards human 
beings. There is an absolute scientific 
necessity to maintain a large pool of 
genetic material floating around, be¬ 
cause, until we have definite control of 
such things as numbers, we can never 
hope to select, say, all big blond people 
and end up with a good group of 
people. It is absolutely essential, ac¬ 
cording to biological theory, that we 
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liave large, essentially natural popula¬ 
tions and keep them as natural as we 
can for such time as we can see into the 
future. 

Tukey, in writing, indicated that we 
must face up to certain consequences 
for Homo sapiens of the coming unifi¬ 
cation of the world. 

In the Neolithic and earlier times, 
communities of Homo sapiens were 
small but many in number. Now they 
are larger but fewer in number. Soon, 
perhaps, there will be but one com¬ 
munity. This quantitative change has 
quantitative consequences. From the 
point of view of survival of the species, 
planning and conservation become 
more important as “one world” is ap¬ 
proached. If a Neolithic community or 
even a small state of the Middle Ages 
destroyed itself by destroying its envi¬ 
ronment, the species went on with little 
disturbance. If “one world” destroys its 
environment, the species is gone. 

As Anderson brought out, biological 
evolution proceeded rather continuous¬ 
ly in undisturbed habitats and made 
jumps in disturbed ones. If we dare to 
extrapolate this to social evolution and 
believe that when and if “one world” 
arrives there will no longer be dis¬ 
turbed habitats, then we face a .situa¬ 
tion in which social evolution will be 
only continuous, where jumps are ruled 
out. In so far as various interesting so¬ 
cial systems are separated by barriers 
not likely to be crossed by continuous 
variation, we shall be locked into some 
of these systems when “one world” 
arises. The years between are “years of 
most crucial decision.” 

Some years ago Arnold Toynbee 
gave a public lecture at Princeton in 
which he stressed two points: that the 
great religions of the world had arisen 
at points of contact among differing 
cultures and that many cultures were 
today in intimate contact. (Why he did 
not draw the logical conclusion is an 
interesting question.) If his first point 


is true, then the forthcoming “years of 
most crucial decision” not only will be 
the last years in which such develop¬ 
ments are likely but will be years in 
which new developments are very 
probable indeed. To what extent will 
these new religious and ethical systems 
include the ideas discussed at this 
.symposium? 

AND so THE STORY CONTINUES 

Bateman spoke as a geologist accus¬ 
tomed to looking back millions of years 
in following the development of life on 
the earth—the passage of species and 
the rising of new ones. He expicssed 
faith in the ingenuity of man to meet 
problems in the future as he had in the 
past. For many of the materials of 
which we see a growing scarcity, the 
future may not be quite so black as we 
now contemplate. 

Brown expressed the idea that not 
many people liave doubtt'd man’s tech¬ 
nological ingenuity. Indeed, that the 
sky is the limit has been admitted. 
What has been questioned is man’s cul¬ 
tural ingenuity. 

Huzayyin noticed that several speak¬ 
ers had expressed an underlying faith 
in man’s continuity. If we admit the 
existence of a creative power behind 
the universe and behind our planet, it 
is impossible to ignore the idea of con¬ 
tinuity. To be sure, there will be chang¬ 
ing continuity both in time and in 
space. 

The human story has been a matter 
of successive civilizations. From cul¬ 
tures connected with limited areas, 
there arose a number of cultural areas, 
each having contact with the neighbor¬ 
ing areas but not with far ones; for in¬ 
stance, Egypt had contact with Persia 
or with Greece but very little or hardly 
any with China. Later, after the time 
of Alexander, there was the first rise of 
the idea of universality of humanity. 
Unfortunately, Western culture, when 
it looked back to its roots, only went as 
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far as Rome and Greece and did ncrt 
choose to look as much as it should 
have to the heritages of other cultures. 
As a result Western culture appears to 
be a superstriicttin^ not sufficiently 
linked with deeper structures in the 
human edifice as c whole. We can 
imagine that in n fhousand years time, 
perhaps, a historfari evaluating the Brit¬ 
ish Empire wiU designate the greatest 
contrihiitioii of the British people to he 
not technical development but such 
things as th(' Boy Scout movement and 
sports, which contributed to the devel¬ 
opment of human spirit and the spirit 
of comradeship between man and man. 
It is pleasing to note that, when the 
United States came out of its long and 
unnatural isolationist situation, it began 
to look to the human origins, not only 
in Western Europe, but also in Greece, 
in the Middle East, and even in India 
and other parts of the world. 

Connections in space between man 
and man are also to be intensified and 
improved. The idea of so-called ‘‘under¬ 
developed” countries or peoples has 
been touched upon in this symposium. 
But “underdevelopment” is all relative. 
Some of the so-called “underdeveloped” 
people are far nore developed in cer¬ 
tain aspects of their life than some who 
consider themselves the most devel¬ 
oped. For example, think how far 


Altamira, Lascaux, Les Trois Fr^res 
and the other great caves of Western 
Europe received on their walls the first 
expression of man’s leisure and creative 
possibilities. The chain has been con 
tinuous ever since that time. 

Ullman spoke with an optimistic 
viewpoint that man’s golden age exists 
right now and that we are in it. He 
spoke primarily in an economic sense 
and, specifically, with the thought that 
there are fewer human slaves, and, 
though we do not have as many 
servants as before, we are spreading 
the benefits to everyone. This appears 
to be a greater good for a greater num¬ 
ber. From the standpoint of economic 
well-being, we in the United States are 
embarrassingly well oflF. 

Malin, in writing, expressed the view 
that the proponents of extremes—the 
millennial perfectibility and its oppo¬ 
site, the Malthusian starvation—appear 
to assume that their syllogisms must 
necessarily run out in a straight line 
to the bitter end. Three considerations 
are in order to put both of those ex¬ 
treme philosophies into perspective. 
The net effect may be a version of Stoi¬ 
cism, but what of it? 

In the nineteenth century, chemists 
assumed that certain chemical reactions 
ran out to the end and, in consequence, 
found themselves in difficulties about 


music of African derivation has suc¬ 
ceeded in the United States in sup¬ 
planting classical music brought from 
Europe. By taking other values—spirit¬ 
ual or moral—we can correct these no¬ 
tions of developed, underdeveloped, 
overdeveloped, and so on, only by 
viewing humanity as a whole for its 
spiritual and moral values toward 
which ■ all human beings have some¬ 
thing to contribute, Murphy thought 
Huzayyin tended to limit far too much 
the heritage of the West. Not men¬ 
tioned was the creative and artistic 
heritage of the West, which goes back 
fifty thousand years to the time when 


applications to particular problems. Sub¬ 
sequently, mathematical theory opened 
the way for recognition of the principle 
of chemical reversals and provided the 
requisite theoretical explanations. Some 
ecologists, without benefit of corre¬ 
sponding mathematical formulations, 
have insisted upon a tendency toward 
biological compensations in the direc¬ 
tion of equilibrium. The behavior of 
man has been subject to even less 
explicit formulation of theoretical prin¬ 
ciples, but the possibilities in that di¬ 
rection cannot be ruled out arbitrarily. 
Neither the straight-line process nor the 
principle of reversal as applied to man 
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[las been proved. Both share the same 
hypothetical status. 

A second consideration involves the 
concept of orders of magnitude. In any 
(Tiven state of culture, society operates 
on the basis of relations suitable to the 
particular level of technology attained 
and in the tradition of that particular 
society. In the broadest aspect, of 
course, the traditional periodization of 
human culture into Stone Age (with 
subdivisions). Bronze Age, and Iron 
Age, etc., arc cases in point. But some¬ 
thing more specific is desirable. In Eng¬ 
land, for example, early railroads used 
horses and stationary engines with 
ropes. These soon reached the limits 
of efficiency, became cumbersomely 
complex, and were threatened with col¬ 
lapse from sheer giganticism. In 1829 
the newly designed “rocket” steam loco¬ 
motive prewed highly successful. Quick¬ 
ly a new simplicity in organization and 
operation of railroad business was 
effected through the instrumentality of 
the steam locomotive—a breakthrough 
to a new order of magnitude in land 
communications. This is only a single 
instance of what occurs from time to 
time on an even larger scale in the suc¬ 
cession of technological levels. The 
limits of the possibilities of such orders 
of magnitude are not known, but in the 
foreseeable future there is no reason to 
assume that the process should not con¬ 
tinue—not in a straight-line process or 
by ascending or descending series but 
by unpredictable transitions in orders 
of magnitude. 

The third consideration, that of eco¬ 
logical succession, is more formidable. 
Of course the idea of succession lead¬ 
ing to climax is out. It is unrealistic. In 
the series of succession states, all the 
factors entering into the ecosystem are 
different—plants, animals, soil, climatic 
impact, etc. Thus, for instance, plants 
of one ecological state may not be able 
to grow in the next state, and plants in 
the second state could not have grown 


in the first. Each state is unique and 
irreversible. Geological processes ap¬ 
pear to be only long-term versions of 
some such succession processes. Spe¬ 
cies, families, and orders of plants and 
animals have become extinct, making 
way for innovators. Possibly man is only 
another example of this succession. In 
that cast*, tht? inexorable consequences 
of changt^ will work themselves out. If 
such is the ultimate* reality of human 
existence, then the outcome is not in 
human hands. 

A careful evaluation of the three 
foregoing considerations places in per¬ 
spective the particular forms of doom 
forecast by the Malthusians or by the 
atomic scientists. Under either of the 
first two considerations (the principles 
of rtwersals and order of magnitude) 
the Malthusian doom might be post¬ 
poned or even canceled out without 
conscious intervemtion of human plan¬ 
ning. In the last instance the extinction 
of man by the ecological formula would 
be effected by factors other than mere 
numbers and food supply, and the pal¬ 
liate "cs of limitation of numbers woidd 
effect nothing in the long run. No one 
should deny that man's mismanage¬ 
ment might entail atomic doom, but 
.self-extinction also might occur in con¬ 
sequence of other products of the con¬ 
triving brain and the skilful hand of 
man. Science and technology per se are 
always amoral, and successive ages of 
man have always sounded warnings 
about man's misu.se of them. The major 
philosophical principles should not be 
confused by this derivative question of 
the ethics of man's contrivances. 

But let there be no mistake about the 
facts of this discussion, which is neither 
history, nor science, nor social science. 
It is philosophy. History deals with the 
past in all its uniqueness, and only with 
the past. Even were the assumption 
made that the sciences can deal with 
such predictions about the future, no 
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adequate factual basis is available upon 
which to predicate scii ntific operations 
of requisite magnitude. The only pro¬ 
cedure available is sj)eciilative, and the 
direction of the plii Iosophy suggested 
is possibly a versien of Stoicism, which 
all strictly intellectiKil operations must 
necessarily be. (h»lv by stating clearly 
the issues can liberation of men be 
effected from those philosophies of ex¬ 
tremes, the idtuis of " progress and of 
‘‘Malthusian doom, ’ which have so 
largely dominated and contaminated 
Western thought since the eighteenth 
century—a captivity of the mind to the 
miscalled “Enlightenment.” Within the 
finite limits of mans understanding of 
his relations with the earth, the irre¬ 
pressible “contriving brain” constitutes 
the unique active principle in translat¬ 
ing continuously the latent properties 
of the earth into unpredictable re¬ 
sources for man's use or misuse. Be¬ 
yond these finite limits, obviously, the 
fate of man in the ecological succession 
rocesses of the universe is not in his 
ands. 

Between an inborn optimism and a 
Damoclean Darwinism, Darling sug¬ 
gested that there is room for a re¬ 


strained pessimism depending on the 
fallibility of man. The time factor is 
important, because, the longer the time 
that we have, the greater the possibility 
for reversal of the process for the future 
outlined by Darwin. 

Clearly there are optimists, and clear¬ 
ly there are pessimists. Chairman 
Brown concluded. He himself shared 
Darwin’s pessimism but not his view as 
to the inevitability of the world whicli 
is to come upon us. The task that con¬ 
fronts us is to walk the tightrope—to 
fall off neither on the one side into 
Darwin s world nor on the other into 
Seidenbergs world. The ultimate an¬ 
swer seems to lie not so much in the 
improvability of the human being as in 
the improvability of human culture. 
And Brown also agreed with the words 
of William Shakespeare: 

. . . What is a man. 

If his chief good and market of his time 
Be but lo sleep and feed? A beast, no more. 
Sure he that made us with such large 
discourse. 

Looking before and after, gave us not 
That capability and godlike reason 
To fust in us unused. . . . 

Hamlet, Act IV, Scene IV 
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CARL O. SAUER 

The time has come to wrap it up and 
put it away. I shall not attempt to cast 
up the accounts in due form. As partici¬ 
pating observer, I do wish to give my 
impression of the mode and mood of 
the conference. 

I think we are all pretty full of well- 
shared discussion, and the point of fa¬ 
tigue is near, if it has not already 
arrived. Also, the oldt^r one gets, the 
more one finds that f<?wer words are 
necessary or relevant. I do not have a 
great many words coming up that ask 
for expression. 

I do want to say about words, how¬ 
ever, that I think you did remarkably 
well in avoiding intricate and secret 
language. The communication was very 
satisfactory on that level. I understood, 
at least as to words, almost everything 
that was said. By way of comment for 
a possible future, some of our members 
from other lands have had a certain 
amount of difficulty with some of the 
things that we have said. That is a mat¬ 
ter that Americans need especially to 
keep in mind. We drop into a vernacu¬ 
lar, into a handy idiom, that aids infor¬ 
mality but confuses persons from else¬ 
where. By personal experience of work 
in Latin America, I can attest to such 
bewilderment by regional, intimate 
idioms. We succeeded well in avoiding 
professional jargon. Should we meet 
again in international conference, we 
might keep in mind the possibilities of 
plain English. 

At times I felt during this conference. 


as at times I have felt about life, that 1 
would not have missed it but would not 
want to go through it again. This, how¬ 
ever, is not my final attitude toward 
either. 1 am grateful to have been one 
of you. 

We, or most of us, went into this 
thing cold. Even we three co-chairmen 
were quite uninitiated. The nature of 
the conference and the manner of its 
setting-up and of its operation are as 
new to me as they have been to you. 
This is an original specialty in proce¬ 
dure, not a first-run experiment, on the 
part of the Wenner-Gren Foundation, 
to v/liich belongs all credit for the con¬ 
ception and manner of conduct of the 
conf^^rence. I was doubtful for some 
time as to whether they, the Founda¬ 
tion, knew what they werc^ about, but I 
am persuaded that they did. For a 
group of this size and diversity this has 
been the most relaxed and uninhibited, 
if not always the most sharply focused, 
conference in my experience. Digres¬ 
sion was not blocked off, nor could it 
have been restrained except by loss of 
the self-determining course of the dis¬ 
cussions. 

In the first preliminary assembly the 
criticism was voiced that the confer¬ 
ence was both too much and too little, 
too broad and unprecise, and that the 
range of disciplines was unbalanced. 
Both criticisms are true; yet, I think, 
the conference stands pretty well vindi¬ 
cated in both respects. Now that we are 
at its end I feel assured that it has been 
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what w^r hoped it might be and that it 
was made, as we had hoped, by yon its 
members, spontaneously and collective¬ 
ly. If that is true, it has been a very 
real accomplishment and is a high com¬ 
pliment to all of ) oii. 

The participants were not selectc'd 
as representati\'es of particular disci¬ 
plines. This is one of tlie first items on 
w'hich we agreed. I'ou are not here be¬ 
cause you represent biochemistry or 
economics. W<' w’aiited you here be¬ 
cause v/c w'anted you as individuals, 
and I think that that is a premise for 
which w^e do not need to make apology. 

The formal disciplinary alliances that 
may divide academic meetings of broad 
scope, in so far as we were able, we 
disregarded completely. As the confer¬ 
ence wore on, less and less was said in 
defense or in support of a particular 
disciplinary association. 

Another matter of interest is that this 
is a conference of amateurs. The ‘pros” 
-to our Continental friends, the hardy 
and adept professionals who enter 
tournaments in scries—were hardly con¬ 
sidered in the makeup of the group. 
Those who were committed by official 
positions to declared policies were 
omitted. Thereby we lost smoothness of 
performance, but I think that, in the 
end, these options were properly taken 
and paid off handsomely. Professor 
Wittfogel, who is a gracious example of 
a multicultural hybrid, yesterday asked 
this question: “Are there any blind 
dates in this group?” Now, that is a 
most American query and idiom. The 
answer is that the ‘l3lind dates”—the in¬ 
vitations by “hunch”—were the luckiest 
things that happened. The selection in¬ 
volved a good deal of guessing as to 
who might fit. In retrospect over what 
this conference did, I think we were 
just “plain,” providentially lucky in the 
over-all list of people that we came 
up with and in what you have con¬ 
tributed. 

We did try deliberately to get people 


from significantly different and wide 
backgrounds. Again, I am saying, not 
from specific disciplines. One of the 
results has been that you could not talk 
a great deal of esoteric “shop” in the 
m(‘eting, as you might have done witliin 
iiarrow’er Sfdections. There was an ap¬ 
parent tendency for the members to de- 
specialize themselves and think more 
readily in a wider or over-all context as 
the meeting developed. 

I say very earnestly that I am most 
happy that we got as many people from 
abroad as we did. I wish there might 
have be(‘n even more. Our constituents 
from outside of the United States added 
more than I can acknowledge to the 
content and direction of this confer¬ 
ence. 

Frank Darling made some comment 
about the difficult, even unhappy, situa¬ 
tion in which a member of a minority 
finds himself. Perhaps we selectors, 
without planning to do so, inclined to 
minorities in and out of the United 
States. We certainly thought of the 
members from abroad as adding salt 
and seasoning that we should have 
missed otherwise, and in this we have 
not been disappointed. (I find myself 
getting into an aside I cannot drop.) 
Whether or not Frank Darling thinks 
of himself as a member of a minority, 

I seem in one way or anothe^r to have 
been all iny life a member of some cul¬ 
tural minority in these United States, 
but I had better not become autobio¬ 
graphical but get on with the matter. 

We arc touching upon a very serious 
topic that Americans, with their em¬ 
phasis on acculturation, Americaniza¬ 
tion, and so forth, have never explored 
properly. Our own cultural minorities, 
living and surviving, persisting in some 
of their own attitudes of values and 
consciences, have a seminal as well as 
a historical significance as long as they 
resist absorption into the general pat¬ 
tern, but we pay little attention to them. 
This started because I was talking 
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about our participants from abroad. 
I he American group, it has been inti¬ 
mated, in its selection is somewhat 
atypical, and these remarks, therefore, 
do not refer specifically to the Ameri¬ 
cans present. 

Perhaps because of our national size 
and vigor, and also evangelistic tradi¬ 
tion, we have an inclination to univer¬ 
salize ourselves. Perhaps no people to¬ 
day is more likely to assume itself to 
b(i the norm—that we are indeed the 
people of the Middle Kingdom. This 
becomes especially characteristic when 
we concern ourselves with the behaviors 
and attitudes of the rest of mankind. 
Thus, I am not content with what our 
social science and history are about in 
their current predilc'ctions and theories, 
because postulates, inferences, and sup¬ 
positions of “universality” are too often 
assumed and derived from ourselves. 
Culture history is interested in the 
plurality of cultures and is rather alien 
to our learning. 

Tlie enrichment of the conference 
from a number of different cultural 
backgrounds has been, from the first 
meeting on, manifest to all. 

Incidentally, about this matter of uni¬ 
versalizing ourselves as Americans, 
there was reference to American activi¬ 
ties in guiding the “development” of 
other parts of the world, even an appeal 
to us to help others find the right way. 
I have had a fair amount of experience 
in at least one part of the world with 
this sort of thing. Edgar Anderson*s at¬ 
tribute of American hybrid vigor is a 
metaphor that describes this drive to 
spread “the American way.” In large 
measure I see in it an effect of the fron¬ 
tier tradition, with which is joined our 
evangelistic background, which is very 
strong, very deep, and very confident. 
It is distressing and depressing that we 
send people out who may be govern¬ 
ment officials, professors, or techni¬ 
cians—but, in any case, they are bent 
on particular missions~to realize a 
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predesigned end. How rare it is when 
on(^ is in such an “underprivileged,” 
“backward” country, or wherever life 
is alien to ours—think of the gall of 
these almost official designations—to 
find one of us who is there in order to 
learn of other ways and options instead 
of working for tlie adoption of our own. 
That such intervention increases or in¬ 
troduces ccologic unbalances receives 
little notice. 

That is a peculiarly contemporary 
American trait, concerning which the 
Ix'neficiaries have been most gentle 
with us. What opportunities of under¬ 
standing have been lost because we 
presume to know better, instead of 
seeing that this is our chance to find out 
how otlier people live, what their ways 
are, how they go about getting their 
satisfactions out of life. In this meeting 
our attention has been called to other 
cultural values, to other attitudes con¬ 
cerning “resource develc'pment,” to the 
reasonableness of letting other folk live 
their owm way. 

In the later sessions a print of the 
futuie was presented to us, a prospect 
of the shape of things to come such as 
may be expected from the lately found 
maste ry over matter. We were shown 
the new industrial revolution that may 
leave the world we have known and 
liked only antiquarian relics. Thus are 
we brought in 1955 to a revised version 
of Aldous Huxley's “brave new world” 
of the twenties—to a faceless, mindless, 
countless multitude managed from the 
cradle to the grave by a brilliant elite 
of madmen obsessed with accelerating 
technologic progress. The original of 
these fantasies was composed by an 
Englishman, but the reality is being 
undertaken especially in this country. 
The social prospect in growing regi¬ 
mentation, in loss of individual freedom 
as we have known it, in elimination of 
unplanned variation, lead to question¬ 
ing the technologic-economic system 
that is in the making. Was some of this 
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in the mind of Einstein wlien he said 
that h(* would be a plumber if he were 
starting life over again? 

Since we have taken ove*r the role of 
Providence, our present and prospective 
conditions must utM'ds become the prin¬ 
cipal ethical eoiusm of those most in¬ 
formed and wist.st. A\’hat sort of a 
world is it that we want, and can we 
get it? Some of the best young men and 
minds, and perhaps more and more of 
them, are saying today that they will 
have nothing to do with physical sci¬ 
ence or even with social science, be¬ 
cause of the uses to which these are 
being put. Have tin' humanities any¬ 
thing left to say? 

It was shocking but salutary that we 
had this sort of thing put up to us. We 
should be thinking about the lost inno¬ 
cence of science. I do not think that we 
can say any longer that all extension of 
knowledge is its own justification. I can¬ 
not, nor do I care to, argue the differ- 
«mcc^ between pursuit and use of knowl¬ 
edge. We must not forget that there 
are a lot of young people who will be 
facing up to that issue. 

One of the cheering things-—I think 
what saved my spirit yesterday—was 
Dr. Galdston standing up, as he has on 
several brief occasions, with his deep 
insight into the nature of man, and say¬ 
ing not to worry too much about this 
impending superorganization, because 
man cannot bear biologically in the long 
run what is contemplated technological¬ 
ly for him. His contributions to the 
discussion appear to me so fine that I 
pray earnestly he may expand them at 
least into a brief essay for the summary’ 
of the proceedings. What he said as a 
psychiatrist meant as much to me as 
anything that was said, and there were 
some very important things said. 

Now, did we attain our general ob¬ 
jectives which were left unprecise by 
choice? Again, I do not believe I am 


speaking pro dotno by saying, and say 
ing warmly, “Yes.’" 

The papers prepared beforehand 
represented large and sustained indus 
try and include a high number of re 
markable contributions. They bear 
their own recommendation. I think it 
was apparent—there was an opposite 
opinion expressed—that the dross was 
far outweighed by distinguished learn¬ 
ing and original insights. These contri¬ 
butions have added a good deal to my 
understanding, and I am very sure that 
they will be read and read again, espe¬ 
cially by a lot of youngsters who will 
find in them an introduction to certain 
phases of inquiry that arc hardly ac¬ 
cessible. 

You recall that the first paper, pre¬ 
sented and distributed first as an earnest 
of the nature of the conference, was 
Anderson’s genial presentation of his 
problem of man-plant relations. The 
last one to come in was also botanical, 
by H. H. Bartlett. That finished the 
series. The whole series was completed 
much as originally planned, which, I 
think, is itself exceptional. Bartlett’s 
contribution undoubtedly contains the 
understatement of the conference, for 
to his paper he added an appendix, en¬ 
titled “Annotated Bibliography,” of six 
hundred pages. Although this is not in¬ 
cluded in the volume, it has been issued 
by the University of Michigan and will 
have a wide circulation as a remarkable 
handbook and commentary on tropical 
vegetation as influenced by man. 

Next, as to the discussions that we 
have just ended. We started out on the 
first afternoon in wobbly fashion. Dar¬ 
ling, I thought, made a magnificent save 
on that first afternoon, and afterward 
things began to run more and more 
smoothly as interchange began to flow. 

I think everyone will carry with him 
his own luminous memories of high 
points. I was much moved by Edgar 
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Anderson’s statement of the scholar’s 
faith and relation to his fellows, made 
at the beginning of his session, as I was 
also by Alan Gregg’s reminiscent envoi 
at the end of another session. 

The risks of running out of relevant 
matter and the equal ones of being 
wound up in a confusion of irrelevant 
talk were present in the free-wheeling, 
loose design of the conference. That 
nothing of the sort happened was due, 
of course, only to yourselves and your 
readiness to get the ball back into play. 
A thoroughly and all-the-time disci¬ 
plined mind might well be irritated by 
some of the undisciplined zigs and zags 
and wags and wogs that took place. To 
me these were desirable and at times 
delightful. 

Some members of the conference are 
gifted by nature, or by the advantage 
of English training, in an elegance and 
precision of speech which the rest of 
us cannot match or can acquire only at 
great effort. It does not matter; style is 
not the man. There were things said 
stumblingly that were very important 
to say. The group was generou.sly re¬ 
sponsive to substance rather than to 
manner and thus invited, and got, free 
and open expressions. 

The tangents added lighter touches 
at times but also opened new directions. 
In the end, I think, knowledge was 
communicated in abundant measure, 
and insights were developed by spon¬ 
taneous interplay. This was not a di¬ 
dactic symposium, although each of us 
was instructed in matters previously 
unknown or unconsidered. The confer¬ 
ence was a different sort of intercom¬ 
munication, an attempt at comparison, 
synthesis, and query. A reference was 
made to it as of “ships that pass in the 
night,” but methinks the ships sailed in 
good contact and toward a common 
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port, at least more did so than one 
might have anticipated. 

I have a strong feeling that ideas 
formed out of the discussion which 
came together out of an unsegregated, 
undifferentiated mass. Anderson said 
something to this effect which I trust 
has been captured on the record. There 
was (I cannot express it any better 
than this), every once in a while, some 
sort of a creative process that took 
place. Something was not there at one 
moment, and shortly it took form and 
found expression. 

Now, if that is true, then all this un¬ 
systematic wandering about was well 
worthwhile. Moreover, I do not think 
that a narrower selection of people as 
to their interests and experiences 
would have given as much of such 
cross-fertilizing as we got. The wide 
ranks of the participants, I think, were 
necessary in order to get out of this 
meeting what we did. The Foundation 
was right in wishing for as wide an as¬ 
sembly as it asked. 

I cannot speak about most of the ter¬ 
race conferences or the table talks. 
Some fif these probably were as impor¬ 
tant as anything that happened in the 
discussions. I hope that all of you had 
as good fortune as I did in meeting with 
the right companions at the right mo¬ 
ment of proper reduction of inhibitions. 

It is not proper for me to elaborate 
upon the personal, intimate communi¬ 
cations that took place, of new friend¬ 
ships formed and old ones resumed. I 
do feel happy and a bit sentimental 
about the end result of our having been 
together. The thing that I should like 
most to say is that you will remain in 
my memories as a lot of the very best 
for the reason that you have been so 
simply natural and so without preten¬ 
sions and so ready to give your best. 
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MARSTON BATES 

Any attempt at summarizing, at posed to myself the question of change 
weaving together into a pattern, all the versus equilibrium before attending 
diverse threads that have been devel- this conference. Yet, as I have listened 
oped in the course of this conference here, I have come to wonder whether 
is obviously out of the question. The this is not a very basic question, under- 
three of us who have acted as co- lying many of the arguments and differ- 
chairmen have thought it wiser not enees in cliverse fields of both the bio¬ 
even to attempt to co-ordinate our con- logical and the social sciences, 
eluding remarks but rather, separately. In the social sciences the advocates 
to comment upon some of the impres- of the ever expanding economy are 
sions that have formed in our minds obviously thinking in terms of the 
while listening to the unfolding discus- processes of change. The extreme con- 
sions. servationists, characterized by Kenneth 

I find even this difficult, as my im- Boulding as people willing to freeze to 
pressions have varied so much from death while sitting on top of a coal 
day to day, from speaker to speaker: mine, are obviously preoccupied with 
each argument, each point of view, ap- the processes of ecjiiilibrium. 
pearing equally plausible, equally per- In the biological sciences the ecolo- 
suasive and important, as it was pre- gists, it seems, are predominantly con¬ 
sented. I long ago became reconciled cerned with processes of equilibrium, 
with this weather-vane aspect of my The ecological word “climax” implies 
mind; but it does make for difficulty in equilibrium, stability. The students of 
exposition, since it prevents me from evolution, on the other hand, are neces- 
developing any consistent theme or sarily preoccupied with processes of 
from holding any single point of view, change. In geological terms nothing is 
The weather-vane mind has only one stable; there is no climax, 
advantage—it keeps the holder out of Here, clearly, the difference is a mat- 
fights. Much of the trouble of the ter of time scale. Or perhaps one could 
world, it seems to me, is caused by the better say that whether equilibrium 
cult of consistency, by the worship of dominates or change dominates de- 
integrity, by the tendency of right- pends on the time perspective in which 
thinking people to hold grimly to their the particular phenomena are viewed, 
beliefs, lhat, at least, is my method of But I have often had a rather vague 
rationalizing what is probably a de- feeling that the findings of the students 
plorablc defect of character. • of ecology and of the students of evo- 

The swings of my mind, in listening lution did not mesh as well as they 
to the discussions here, have been should; and I wonder now whether this 
particularly strong as I have listened, is a consequence of this differing em- 
on the one hand, to speakers develop- phasis. 

ing the concept of equilibrium, of the Again, as someone has pointed out in 
necessity of adapting to the processes the course of the discussion, in physi- 
that maintain equilibrium, and, on the ology we have an emphasis on home- 
other hand, to speakers expounding the ostasis, on equilibriums, or steady 
importance of change, of development, states. Yet the whole history of the in- 
of progress. I think I had never really dividual, from conception through 
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growth to final death, is a history of 
change. Thus we are impressed every¬ 
where in nature, when we look in a 
given cross-section of time, with the 
balances, the buffer mechanisms, the 
cycles, that maintain equilibriums. But, 
when we look longitudinally in time, 
the changes, whether apparently ran¬ 
dom or directed, impress us the most; 
and the system of nature appears to be 
in disequilibrium rather than in equi¬ 
librium. 

I have come to wonder, then, whether 
many of the sharp differences of opin¬ 
ion that occur among students of hu¬ 
man affairs—and among students of na¬ 
ture-may not be explicable in terms of 
these differences in emphasis. Perhaps 
we are happier in studying equilibri¬ 
ums, which fit more neatly into the way 
the human mind works; but perhaps 
the equilibriums are essentially illu¬ 
sions of these minds of ours. 

This has relevance to the questions 
of survival that have so frequently crept 
into our discussions—questions of the 
survival of our species, of our various 
cultures, of ideas, of all sorts of things. 
Again, humanly, we want to survive, 
and we tend to want our particular way 
of life to survive; and survival seems to 
depend on the maintenance of equilib¬ 
riums, so we are led to concentrate on 
the study of steady states. 

In thinking about this, we rapidly 
find ourselves involved in the question 
of man and nature—a question that fre¬ 
quently turned up in our discussions. Is 
man a part of nature, or is he something 
different, apart from nature, a kind of 
organism with some control over his 
own destinies? 

This surely is partly a semantic ques¬ 
tion, a matter of words. But it is also 
partly a problem of the nature of cul¬ 
ture, which has not come in for much 
attention in the course of our discus¬ 
sions. I firmly believe that there is an 
essential continuity among physical, bi¬ 
ological, and cultural processes, from 
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tlie workings of the solar system to the 
workings of the Parent-Teacher Asso¬ 
ciation in the Ann Arbor school sys¬ 
tem. Which means that I believe that 
man is a part of nature. 

But this human culture is undenia¬ 
bly quite diflerent in many essential 
ways from anything else known in na¬ 
ture; and man, as a culture-bearing ani¬ 
mal, has then many unique aspects. One 
unique aspect is that man has the illu¬ 
sion, at least, of having some control 
over his destiny, wdiich leads him to or¬ 
ganize conferences like the present one. 
Even the most convinced of determin- 
ists, I notice, still write books about 
w'hat they think should happen, still try 
to influence the course of human events; 
and this surely is “good.” 

Perhaps it is just as well that we 
avoided getting sidetracked into discus¬ 
sion of free will or determinism. I do 
not know what profit we could have got 
from such discussion, though the topic 
did lurk just below the surface many 
times during the week. Of course we 
have to hope that we have some con¬ 
trol over our destinies; that, by better 
understanding of the present and the 
past, we can achieve a more satisfac¬ 
tory future. 

We have been looking at the future 
frequently, sometimes with hope and 
sometimes with despair. In this connec¬ 
tion I would like to say something about 
the kind of analogy that seems to me 
most appropriate for probing this fu¬ 
ture. 

The history of cultures—of civiliza¬ 
tions—has frequently been compared 
with the history of the individual. By 
this analogy, we may speak of youth, 
maturity, senescence, perhaps even of 
rejuvenation. The analogy is certainly 
dismal and, it seems to me, misleading, 
lago Galdston spoke this morning 
about the marvelous architectonics of 
life, about the mysterious plan that 
seems to unfold in the development of 
every individual, which seems, indeed. 
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to show that the course of development 
is predetermined. 

This is true enough for the individ¬ 
ual, but there does not seem to be any 
corresponding architectonic for the cul¬ 
ture—or for the species. Cultures—civ¬ 
ilizations—seem then to be comparable, 
not with individuals, but with species. 
When we look back over human his¬ 
tory or geological history, we see some 
cultures, some species, and some or¬ 
ganic types that have flourished briefly 
and disappeared and others that have 
persisted over long stretches of his¬ 
toric or geologic time. We find no signs 
of prior determination of fate for either 
the culture or the species. 

Of course, as individuals we are go¬ 
ing to die, as a culture we are going to 
disappear, and as a species we are go¬ 
ing to become extinct. But, while this 
fate is predictable within rather narrow 
limits for the individual, it is outside 
the range of possible prediction for the 
culture or for the species. 

VV^hen we try to draw a lesson from 
this analogy, we get back to the equi- 
Ubtium business ag^ain. Tbe species tliat 
Vvas achieved tbe most satisfactory equi- 
\\brium witb environmentai forces is 
most apt to persist—as \orvg, as tbe en- 
vironmervtaf forces remain constant. 
But tbe environment is always chang¬ 
ing, when looked at over any long 
stretch of time, and the species with 
the greater plasticity, with the ability 
to adapt to change, persists the longer. 
These same principles, surely, apply to 
cultures. 

Equilibrium and change, culture and 
environment—these are words, surely 
very poor instruments for probing real¬ 
ity. But they are the only instruments 
we have except in the limited areas in 
which we have been able to develop 
mathematical forms of symbolism. 
When thinking or talking about prob¬ 
lems such as those we have dealt with 
in this conference, I often have the 
feeling of being caught and bound by 


the nature of these word symbols. Per¬ 
haps the whole idea of '^environment*' 
is fallacious, misleading. But we are 
caught by our vocabulary, and escape, 
if not impossible, is at least very dififi- 
cult. 

Someone suggested that the confer¬ 
ence was deficient in that there was no 
psychologist among us. The conference 
was not planned as a meeting of am¬ 
bassadors from different disciplines; 
but perhaps a psychologist or, more 
specifically, a student of perception 
would have been a useful member to 
remind us from time to time of the ex¬ 
tent to which the environment of man 
is the creation, perceptually, of man 
himself. 

I have heard Hadley Cantril remark 
that we should try never to think of the 
individual and the environment as sep¬ 
arate, definable entities but that rather 
we should try to think in terms of trans¬ 
actions between processes—that there 
is a continuing modification of one by 
the other. 

We have talked about all sorts of re¬ 
alities here, but it has often enough 
been apparent that each of us was 
\ooking at these realities through his 
own cultural spectacles—that the reali¬ 
ties were in part, at least, a function of 
his way of seeing. I was reminded, 
sometimes, in listening, of Cantril's ac¬ 
count of some psychological experi¬ 
ments. 

Spectacles were devised which dis¬ 
tort vertical lines, making them slant. 
In one experiment well-trained sailors, 
properly indoctrinated with Navy pro¬ 
tocol, were tested. When a sailor looked 
at a shipmate through these spectacles, 
he was seen as slanting, considerably 
out of the vertical stance. When a man 
in an ensign’s uniform was looked at, 
he was still seen as slanting, though at 
a smaller angle from the vertical. A 
man in an admiral’s uniform, despite 
the spectacles, was always perceived as 
standing straight. 
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Cantril told about another expert- outer world in terms of the symbol sys- 
ment with married couples. A newly terns of the human mind. This might be 
married man, with these spectacles, considered the function of all art; and 
tended to see his wife standing straight; in that case I am led, half-seriously, to 
but a man who had been married for call science the characteristic art form 
several years would see his wife, as he of Western civilization, 
should with the optical properties of Man’s various attempts at finding 
the spectacles, leaning at a considera- form and pattern in the universe, at 
ble angle from the vertical. finding ‘"meaning,” fall into a sort of 

This, I think, is inescapable: the scale in terms of objectivity. The scien- 
world we see depends upon the expcri- tist, always trying to adapt the symbols 
c'nce through which we are seeing it. of thought to the events that he per- 
Most of ns h('re have been looking at ceives in the' world around him, repre- 
the world through th(' experience of semts tlie objc'ctive end of the scale, 
contemporary Western civilization. We But the scientist can never attain any 
have among us enough non-Westerners, absolute objectivity, since he must al¬ 
and enough deculturized anthropolo- ways also deal with the mind of the ob- 
gists, to keep reminding us of this bias, server. The impressionistic painter or 
yet it constantly intruded into our dis- poet, toward the other extreme in the 
cussions. I was most aware of these scale, is primarily concerned with the 
Western spectacles that we were wear- symbols of the mind; but he, again, can 
ing during recent days when the talk never attain any absolute subjectivity, 
turned to technology or to science and since his constructions always involve 
technology. some perceived reality. Weston L.a- 

We did not, of course, cover every- Barre, in dealing with this same line of 
thing in this conference. But I do wish thought, has s\iggested that the psy- 
now that we could have taken a little c'hotic represents the subjective ex- 
time to c'xplore the cpiestion of the na- treme, completely lost in the workings 
ture of science and of the relation be- of his mind, with no contact left with 
tween science and technology. As a sci- reality. 

entist, I have become increasingly This sort of discussion is pertinent to 
aware of the limitations of science and the ever present question, in our mod- 
increasingly doubtful about its utility eru world, of the relations between the 
as a tool for .solving all human prob- sciences and the humanities. If there 
lems. I have consequently been some- Is any logic in my reasoning, the sci- 
what distressed at finding some of us ences and the humanities form a false 
here talking as though we regarded sci- dichotomy, because science is one of 
ence as a sort of white magic, an an- the humanities. The need for relating 
swer to all problems, a direct road to science more closely to the broad stream 
truth-objective, factual, certain. of man s intellectual activities is being 

It would hardly be appropriate, even folt increasingly by our scientists and 
if there were time, for me to enlarge on is reflected in the curricular experiments 
my concept of science here at the end <^f many of our technical institutions, 
of the conference; yet perhaps I may This is shown, for instance, in the edu- 
interpose a few words. It seems to me cational experiments at the Massachu- 
that science is only one of man’s ap- setts Institute of Technology, where 
proaches to the understanding of the they are said to be making eflForts to 
universe and of himself. By understand- “humanize the sciences.” Someone has 
ing, I suppose I mean trying to make made the remark that the neighboring 
sense out of the apparent chaos of the institution up the Charles River, not to 
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be outdone, has taken to “Simonizing 
the humanities.” 

Man, in his present numbers, clearly 
requires science and its concomitant 
technology for survival. Yet, if science 
itself is to survive, it looks as though we 
shall have to find some way of ‘*human- 
izing” it. Several times in the course of 
our discussions here the frightening 
aspects of a scientific world have been 
mentioned. The increase in psychoses 
and neuroses has been pointed out—and 
the possibility that human beings may 
not be able to withstand the stresses of 
the very environment that they are cre¬ 
ating. Both Mr. Mumford and Mr. Sauer 
have pointed out that there may be a 
self-correcting mechanism here, in that 
it seems that the sciences are having in¬ 
creasing difficulties in recruiting scien¬ 
tists to carry the technical load of so¬ 
ciety. Perhaps our Western world, so 
proud of its technical advantages, is 
starting a sort of process of suicide 
through its failure to assimilate science 
into its general culture or as a curious 
consequence of the scientists own self- 
important attitude. 

We have mentioned these things in 
our discussions, though we have not 
explored them in any detail. We could 
not; yet I am sure that all of us have 
caught ideas and gained interests that 
will lead to a continuing development 
of thought about this aspect of man’s 
role in changing himself and the land¬ 
scape in which he lives. 

I want to touch on one other topic 
that has frequently bobbed up in our 
discussions but that has had no formal 
place on our agenda—war. In this case, 

I wish now that we could have had a 
background paper on war as one of the 
ways in which man has changed the 
earth s landscape, because, certainly. 


war has been a tremendously important 
agency in this process. 

Even though we have talked about 
war so little, clearly it has been hang¬ 
ing over our minds all through our dis¬ 
cussions, as it hangs over the minds of 
all men in the Western world these 
days. 

War surely is a soluble problem. To 
treat it as an inevitable part of human 
nature seems to me foolish. This, of 
course, takes us back to the question of 
human nature and its biological and 
cultural components and to the nature 
of change in these components. The bi¬ 
ological components change on the 
scale of geologic time. But war, as we 
see it, seems to me a purely cultural 
phenomc'non, whatever its remote, “in¬ 
stinctive” sources may be; and cultural 
phenomena sometimes change with re¬ 
markable speed. It is not human nature 
to fly, and yet we managed to learn to 
do that. To say that we cannot solve 
the problem of how to avoid killing 
each other on a mass scale, when we 
have solved the problem of flying 
around in the air, seems a fatal pessi¬ 
mism. 

But if we start talking about war—if 
I started to develop the subject here— 
the theme would rapidly shift from 
“process” that is supposed to be my pre¬ 
occupation to “prospect” that is Mr. 
MumfOld’s province. 

War, because it moves so obviously 
from process to prospect, seems a good 
place for me to stop. The war that wor¬ 
ries us now is the war of the future. It 
is with a good deal of satisfaction that 
I turn the problems of the future over 
to Mr. Mumford, because I am very 
glad to see that here they are in the 
hands of a humanist rather than in 
those of a scientist. 



Prospect 

LEWIS MUMFORD 

By the mere accident of my position, 
it seems appropriate that I should 
bring the discussion of man’s role in 
shaping the face of the earth to a head, 
not in the sense of settling any of the 
questions we have raised, but rather 
showing what is implied in our differ¬ 
ent and sometimes divergent attitudes 
toward both man and the earth, despite 
the underlying unity achieved through 
science. 

In passing from the past to the fu¬ 
ture, we pass from memory and reflec¬ 
tion to observation and current prac¬ 
tice and thence to anticipation and pre¬ 
diction. As usually conceived, this is a 
movement from the known to the un¬ 
known, from the probable to the pos¬ 
sible, from the domain of necessity to 
the open realm of choice. But in fact 
these aspects of time and experience 
cannot be so neatly separated. Some 
part of the past is always becoming 
present in the future; and some part of 
the future is already present in the past. 
Instead of thinking of these three seg¬ 
ments of time in serial order, we would 
do well to take the view of a mathe¬ 
matician like A. N. Whitehead and nar¬ 
row the time band to a tenth of a sec¬ 
ond before and the tenth of a second 
after any present event. When one does 
this, one understands that the past, the 
present, and the future are in that liv¬ 
ing moment almost one; and, if our 
minds were only capable of holding 
these three elements together in con¬ 
sciousness over a wider span of time, 
we should deal with our problems in a 
more organic fashion, doing justice not 
merely to the succession of events but 
to their virtual coexistence through an¬ 
ticipation and memory. 

Now part of the future we face has 
already been determined, and we have 


no control over it. To begin at the phys¬ 
ical level, we are limited by the forces 
of inertia; at the biological level, by the 
facts of organic inheritance. At the so¬ 
cial level we must reckon with institu¬ 
tional persistences which, if not so in¬ 
grained as biological structures, cannot 
be suddenly altered; even at the high¬ 
est level of the human personality, 
memory and habit tend to keep our ac¬ 
tions in a groove. We do well to reckon 
with these constant factors and their 
sluggish ways: if they fetter our crea¬ 
tivity, they also tend to limit the possi¬ 
bility of chaos. For good or bad, a part 
of our future is given; and, like a Christ¬ 
mas gift, we must accept it gracefully, 
before we try to exchange it for some¬ 
thing that fits us better. 

We might, for example, in view of 
the special role that sexuality and love 
were to play in man’s life, have wished 
that nature—sometime about the point 
when the structure of the frog was un¬ 
der consideration—had put the repro¬ 
ductive organs and the organs of ex¬ 
cretion in different parts of the body. 
But we cannot hope that this fatal topo¬ 
graphical mistake will be corrected. We 
have many similar commitments that 
carry over from the past. Some of us 
now wish, it seems, to feed the growing 
population of the earth with a synthetic 
concentrate; but if they succeed with 
the concentrate—I for one do not wish 
them well!—they will still have to fur¬ 
nish people with some bulk-producing 
jelly, as we do a sick person who has 
been on a liquid diet, in order to keep 
their bowels functioning; and they may 
even find it necessary, despite man’s in¬ 
ordinate adaptability, to create some 
illusion of gustatory pleasure, lest the 
appetite for life itself should wane. 

So again the fact that man has been 
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an active, roaming, searching, prying 
animal, never at ease w hen he feels im¬ 
prisoned or involuntarily hemmed in, 
should make us think twice, it seems to 
me, before^ \vc iiiukr any estimate of 
possible or desirable populations for 
the planet. Before we convert our rocks 
and rills and templed hills into one 
spreading mass of low-grade urban tis¬ 
sue, undtn* the delusion that, because 
we accomplish this degradation with 
the aid of bulldozers and atomic piles 
and electronic computers, we are ad¬ 
vancing civilization, w'e might ask what 
all this implies in terms of the historic 
nature of man. 

Already there are metropolitan bath¬ 
ing bt'aches and “wnld” recreation areas, 
where, on a Sunday afternoon in sum¬ 
mer, the sign “Standing Room Only'* 
describes the facilities available. Per¬ 
haps some of the perversity and crimi¬ 
nal mischief exhibited in our cities, par¬ 
ticularly by the more muscular types, 
may be due to this very constriction of 
space. Are we prepared to breed leg¬ 
less men, satisfied in their urban pens, 
as we now breed almost wingless fowl? 

If not, should w'e w'onder that a race 
that flourished for some five hundred 
thousand years or more wdth a popula¬ 
tion density of perhaps ten per square 
mile may not find life altogether satis¬ 
factory at a constant density of four 
hundred per acre? 

In calling attention to these constants, 

I am trying to emphasize what the 
French philosopher Raymond Ruyer, in 
his book Neo-finalisme,^ characterizes 
as the fil)rous structure of history. Just 
because of the nature of time, memory, 
and inheritance, we cannot make sen¬ 
sible plans for the future without do- 


cut it off int(3 stages and periods; so we 
.speak as thouglx the Stone Age were 
represented in our society only by mu¬ 
seum showcases of axes and arrow¬ 
heads. But the fact is that about four- 
fifths of the planet s population are still 
ii\'ing under conditions that approxi¬ 
mate tliose of a Neolithic village, cer¬ 
tainly far closer than they touch those 
of a tw^entieth-century metropolis. And 
when the other day some of our friends 
here said, almost a little contemptuous¬ 
ly, “Don’t let us go back to Paleolithic 
society,” J was tempted to ask them 
how far they thought they could ex¬ 
press that icl(*a without using one of 
tlu' tools of Paleolithic society, namely, 
language. 

To suiTi up this point: the future is 
not a blank page; and neither is it an 
open book. Tin* current notion that one 
has only to measure existing trends and 
to project, on a granch'r scale, the forcc?s 
and institutions that dominate our pres¬ 
ent-day society in order to give a true 
picture? of the future is based on an- 
othc*r kind of illusion—the statistical il¬ 
lusion. This method overweights those 
eleincmts in the prc'sent which are ob¬ 
servable and measurable and seemingly 
powerful, and it overlooks many other 
elements that are hidden, unmeasured, 
irrational. In the third century a.d. an 
objective observer might well have pre¬ 
dicted, on the basis of the imperial pub¬ 
lic works program, an increase in the 
number of baths, gladiatorial arenas, 
garrison towms, and aqueducts. But he 
w^ould have had no anticipation of the 
rc‘al future, which was the product of 
a deep subjective rejection of the whole 
classic way of life and so moved not 
merely away from it but in the oppo- 


ing justice to the threads and fibers site direction. Within three centuries 


that run through every past stage of the frontier garrisons were withdrawn, 
man’s development and will follow the Roman baths were closed, and 
through the future as well. In dealing some of the great Roman buildings 
with man’s history, it is convenient to were either being used as Christian 


1. Paris; Presse.s Universitaire.s de France, churches or treated as quarries for 
1952.272 pp. building new structures. Can anyone 
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who remembers this historic transfor¬ 
mation believe that the rate of scien¬ 
tific and technological change must ac¬ 
celerate indefinitely or that this tech¬ 
nological civilization will inevitably re- 
main dominant and will absorb all the 
energies of life for its own narrow pur¬ 
poses—profit and power? 

(^ften the most significant factors in 
deU'iTiiining the future are the irration¬ 
als. By “irrational” I do not mean sub¬ 
jective or neurotic, because from the 
standpoint of science any small quan¬ 
tity or unique occasion may be consid¬ 
ered as an irrational, since it does not 
lend itself to statistical treatment and 
repeated observation. Under this head, 
we must allow, when we consider the 
future, for the possibility of miracles, 
on the grounds developed by Charles 
Babbage in the Ninth Bridgewater 
Treatise and by James Clerk Maxwell 
in his famous letter on singular points. 
By a miracle, we mean not something 
outside the order of nature but some¬ 
thing occurring so infrequently and 
bringing about such a radical change 
that one cannot include it in any statis¬ 
tical prediction. 

Maxwell’s doctrine gives exactly the 
insight needed into the situation to cor¬ 
rect our usual view of the human pros¬ 
pect. He pointed out that even in phys¬ 
ical systems, no less than in life gen¬ 
erally, there occur, at rare unpredict¬ 
able intervals, moments when an in¬ 
finitesimally small force, because of its 
character and its position in the whole 
constellation of events, was able to ef¬ 
fect a very large transformation. This 
doctrine allows for the direct impact of 
the human personality in history, not 
only by organized movements and 
group actions, but by individuals who 
are sufficiently alert to intervene at the 
right time and the right place for the 
right purpose. At such moments—they 
were obviously present and were seized 
in the founding of Buddhism, Christian¬ 
ity, and Islam—a single human person¬ 


ality may overcome the inertia of for¬ 
midable institutions. 

Even though one must realize, on 
further consideration, that this doctrine 
ol singular points admits of negative 
miracles, too, and that, with hydrogen 
bombs in world-wide production, such 
a negative miracle is q\ute possible, I 
find that the doctriiu*. makes an impor¬ 
tant qualification in our faith in purely 
statistical predictions. For, as Maxwell 
pointed out, the higher and more com¬ 
plex the system, the more often do sin¬ 
gular points occur in it; so that there 
arc more such points among living or¬ 
ganisms than among crystals and more 
in the human personality than among 
animals. Our sense of the probable fu¬ 
ture of the e'arth, therefore, must make 
some allowance for extravagant improb¬ 
abilities—even for changes that exist as 
yet onlv as fantasies in the minds of in¬ 
dividual men. And note this: singular 
points, even when they radically change 
human events, are not easy to detect 
until they have done their work. Possi¬ 
bly the decision that will save mankind 
from nuclear warfare has already been 
taken. Though that fact would pro¬ 
foundly change all our calculations, we 
may not be able to pin down that mo¬ 
ment until centuries have passed. 

This brings me to another doctrine 
that qualifies and completes that which 
does justice to the fibrous structure of 
history. I refer to the doctrine of emer¬ 
gence. By emergence there is signified 
the change that comes about when a 
structure or organism alters, not in this 
or that part, but as a whole; when the 
new emergent possibilities that did not 
exist at a lower level of existence be¬ 
come x^sible and operative. Let me il¬ 
lustrate this on the simplest level—the 
predictions made in the periodic table. 
Thanks to Mendeleev, it was possible 
to predict the atomic weight and many 
of the other characteristics of elements 
that had not yet been discovered and 
even to name their total number— 
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ninety-two. What made this prediction 
possible was not merely their rhythmic 
order but their essential stability- This 
applied equally to racliiun. Everything 
about radium could be predicted except 
its emergent quality, namely', its radio¬ 
activity, its radical instability, which 
gave the first hint that the atom itself 
might have some* of the characteristics 
of the organism. As a result, though the 
number of stable elements is still lim¬ 
ited, even when allowing for isotopes, 
the theoretic number of unstable ele¬ 
ments has possibly astronomical dimen¬ 
sions. 

Now it seems to me that complex so¬ 
cial transformations, capable of affect¬ 
ing everv part of society, are oftem true 
emergents and are as undiscoverable in 
advance, on the basis of past observa¬ 
tion, as was radium. No matter how 
fully we know the facts, we cannot pre¬ 
dict the new dynamic pattern into 
which they will fall when they reach 
the moment of emergence. So the best 
observer of Neolithic society could not 
have predicted the new type of large- 
scale, wide-reaching urban organiza¬ 
tion that grew out of it in Egypt, Baby¬ 
lonia, and China. Nor yet can the most 
exact student of national organizations 
and mechanical collectives predict the 
nature of the world community that 
may emerge in our time and, by the 
very act of emergence, alter our cur¬ 
rent values and habits. Yet many of the 
most difficult problems we face today, 
like that of overpopulation, which re¬ 
main insoluble so long as men face each 
other in competing political and reli¬ 
gious units, may be simplified, or be- 
coine nonexistent, once a world culture 
comes into existence. ^ 

All in all, there is no simple formula 
for dealing with either probabilities or 
possibilities in human society. Even if 
we had full knowledge of all the con¬ 
stants and variables~and, of course, we 
are far from that—we would still be in 
need of something more important in 


order to make wise decisions; and that 
is a theory of human dex elopment. The 
lack of any common notions here has 
been one of the most serious handicaps 
to our discussion of the future. Because 
of our failure here, we tend to make 
false goals out of the processes that we 
control; so the increase of quantity, or 
the* promotion of change for the sake 
of change, like the actions of a bored 
child turning from one toy to another, 
constitutes our only directive. As a re¬ 
sult of our failure, there are anthropol¬ 
ogists and psychologists who look upon 
the whole experiment of civilization as 
a mistake or who, even if they do not 
go so far, treat each culture as a con¬ 
fined, self-subsistent entity, with no 
other goal than that of continuing in its 
ancient ‘"way of life.” But surely we 
cannot make good use of the earth un¬ 
less we have some notion as to what is 
“good” and what is “useful,” what is 
aimless change and what is a goal- 
directed transformation. And how can 
we arrive at these concepts unless we 
have some definite understanding of 
man’s nature, his development, and his 
goals? 

The evolution theory, as set forth by 
the great Victorians, was an attempt to 
give a meaningful interpretation of or¬ 
ganic development. You will recall that, 
even before the great Darwin, Herbert 
Spencer had begun the modest work of 
synthesizing all knowledge on the basis 
of the evolutionary formula. His syn¬ 
thetic philosophy posited a continuous 
process of change, from indefinite sim¬ 
ple homogeneity to definite complex 
heiterogeneity. This plausible formula 
turned out to be inadequate for many 
reasons. The process of evolution was 
not a straight-line movement but one 
full of twists and turnings, of false 
starts, strategic retreats, and tangential 
explorations. By making mere survival 
a test of organic development, this the¬ 
ory tacitly placed some of the most 
primitive organisms, like the amoeba. 
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on the same plane as man, tor both have 
survived; and, on the same terms, para¬ 
sites, which have lost their heterogene¬ 
ity and complexity, deserved a higher 
rank than highly developed creatures 
that did not survive. 

Now, the fact is that we cannot de¬ 
rive direction and purpose for any ran¬ 
dom succession of events; and the at¬ 
tempt to superimpose evolution on the 
framework of seventeenth-century sci¬ 
ence, which had deliberately eliminated 
the attributes of life from the bare 
framework of mass and motion, was 
doomed to failure. That failure now 
vitiates a large part of our thinking, 
even in the biological sciences. In our 
effort to reduce complex phenomena to 
the simplest terms, we inevitably end 
up with life in a state of organic de¬ 
composition, in a formless, purposeless, 
dehumanized world, with man himself 
nothing more than a collection of cheap 
chemicals. 

To correct for this physically accurate 
but one-sided interpretation, we should, 
I submit, begin with the most highly de¬ 
veloped forms and work downward; for 
only in a scheme dominated by the at¬ 
tributes of life and personality—order, 
direction, purpose, intelligence, selectiv¬ 
ity, sensitiveness, autonomy, self-trans¬ 
formation, consciousness—can we find 
any criterion for development lower in 
the scale. 

In dealing with the physical world, 
this elimination of the phenomena of 
life and mind pays off. We get along 
much more rapidly if we reduce all fac¬ 
tors to their simplest terms, paying at¬ 
tention to the quantitative and repeat- 
able elements and eliminating, as Gali¬ 
leo and Kepler agreed, the secondary 
and subjective qualities like color, form, 
and pattern. But, when all events are 
subjected to this process of reduction 
and isolation, the most obvious charac¬ 
teristics of organic life disappear from 
view, namely, the fact that the organ¬ 
ism is an autonomous, self-perpetuat¬ 


ing, self-tiansformingbciiig, in dynamic 
equilibrium, but with a definite cye\< 
oi growth; and, the higher the scale oi 
life, the more plainly does growth re¬ 
cord itself in super organic forms and 
creative activities, detached from mere 
survival. Instead of being a passive vic¬ 
tim of external forces, living creatures, 
as lago Galdston has wisely reminded 
us, have their own trajectory of growth; 
and, the higher the rank of organism, 
the more remote and the more compre¬ 
hensive are its goals. It is not enough 
for man to live in the purely physio¬ 
logical sense; he must live the good life, 
that is, he must expand the realm of 
significance, value, and form. On any 
sound reading of biological evolution 
or human history, it seems to me, de¬ 
velopment is often at odds with imme¬ 
diate security or ultimate survival. All 
higher life is precarious, as the highest 
states of life are themselves fleeting and 
evanescent. 

As man has gone on with his own 
development, he has become more con¬ 
scious both of the general process of 
organic transformation and of the im¬ 
portant role he himself has come to 
play. Instead of bowing himself out of 
the picture, as he did when he followed 
the canons of seventeenth-century sci¬ 
ence, he now takes a central position 
on the stage, knowing that the per¬ 
formance itself, in the theater of con¬ 
sciousness at least, cannot go on with¬ 
out him. He begins as an actor, sin¬ 
gling himself out from his animal col¬ 
leagues, already something of a prima 
donna, but uncertain of what part he 
shall learn. In time he becomes a scene- 
painter, modifying the natural back¬ 
ground and finding himself modified by 
it, too; and he is driven to be a stage¬ 
hand likewise, shifting the properties to 
make his entrances and his exits more 
manageable. It is only after much prac¬ 
tice in all these roles, as actor, scene- 
painter, stagehand, costumer, that he 
discovers that his main function is to 
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write the drama, using many of the old 
plots left by nature, but givung them a 
new turn of the imagination and work¬ 
ing the events up to a cJiinax that na¬ 
ture without his aid might not have 
blundered upon in another hundred 
million years. 

Just because man has now become 
the dominant species on the planet, he 
needs both the knowledge of the ex¬ 
ternal world, independent of his wish¬ 
ing, that science provides him and a 
knowledge of his own inner life, de¬ 
tached from the operation of extrane¬ 
ous forces and institutions, directed to¬ 
ward goals he himself projects. What 
will happen to this earth depends very 
largely upon man’s capacities as a 
dramatist and a creative artist, and that 
in turn depends in no slight measure 
upon the estimate he forms of himself. 
What he proposes to do to the earth, 
utilizing its soils, its mineral resources, 
its water, its flow of energies, depends 
largely upon his knowledge of his own 
historic nature and his plans for his own 
further self-transformations. As the 
dominant biological species, man now 
has a special responsibility to his fel¬ 
low-creatures as well as to himself. Will 
he turn the cosmic energies at his dis¬ 
posal to higher ends, or will he, wil¬ 
fully or carelessly, exterminate life and 
bring his own existence to a premature 
end? If he thinks of himself as an in¬ 
significant bag of chemicals, he may 
wantonly reduce all forms and struc¬ 
tures to mere dust and rubble. 

If you force me to talk about proba¬ 
bilities, not about possibilities, still less 
hopes, I would say that man’s future 
seems black, though perhaps a shade 
lighter than it was five years ago; for 
even if the nations now armed with nu¬ 
clear weapons agree not to exterminate 
each other, even though provoked by a 
sense of intolerable outrage, the forces 
still dominant in our age are moving in 
the direction so keenly analyzed by 
Roderick Seidenberg, whose picture of 


Posthistoric Man- is to me even more 
frightening than either Aldous Huxley s 
or George Orwell’s somewhat melo- 
dramatized versions. The difficulty is 
that our machine technology and our 
scientific methodology have reached a 
high pitch of perfection at a moment 
when other important parts of our cul¬ 
ture, particularly those that shape the 
human personality—religion, ethics, ed- 
ucati()n, the arts—have become inop¬ 
erative or, rather, share in the general 
disintegration and help to widen it. 
Objective order has gone hand in hand 
with subjective disorder and formless- 
nt'ss. We seem to be forgetting the art 
of creating whole human beings, im¬ 
munized to pathological temptations. 
The widening wave of neuroticism and 
criminality, so visible in every advanced 
society, indicate)s, it would seem, some 
lack in the human nutrients needed to 
create full human beings—a lack that 
no increased production of snakeroot, 
for use in psychotherapy, will make up 
for. If we are to achieve some degree 
of ecological balance, we must aim at 
human balance too. 

Too much of our discussion here, I 
am afraid, has dealt with proposals for 
man’s exercising control over nature 
without reference to the kind of con¬ 
trol he must exercise over himself. But, 
plainly, the greater the quantity of en- 
ergy at man’s disposal, the more im¬ 
portant becomes the old Roman ques¬ 
tion: Quis custodiet custodies? which 
may be loosely translated as: “Who is 
to control the controller?” At the mo¬ 
ment that is a life-and-death question; 
and Mar.ston Bates has rightly brought 
up the deep concern we must all feel 
over the manner in which government 
agencies in every big country have gone 
about exploiting our new powers. 
Atomic energy by itself is a neutral 
thing, obviously. It promises nothing; 
it threatens nothing. It is we who do 

2. Clupel Hill: lTni\tTsitv of North Carolina 
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tVie promising; it is we who exert the 
threat. What makes nuclear power a 
danger is the fact that it has been re¬ 
leased in a world savagely demoralized 
by two world wars, the last of which 
turned into a war of iinliinit(^d annihila¬ 
tion; and the moral nihilism, first 
preached and enacted by the Fascist 
powers, has now been taken over by 
every person and agency that subscribes 
to th(; conception of total war—or, in 
plain English, unlimited extermina¬ 
tion. The danger we face today was 
prophetically interpreted a century ago 
by Herman Melville in his great classic 
of the sea, Moby'Dick. In that epic the 
mad Captain Ahab drives his ship and 
his crew to destruction in his satanic ef¬ 
fort to conquer the white whale—the 
symbol of all the powers outside man 
that would limit or lame him. Toward 
the end, as his mad purpose approaches 
its climax, Ahab has a sudden moment 
of illumination and says to himself: “All 
my means are sane; my motives and ob¬ 
ject mad.” In some such terms, one may 
characterize the irrational applications 
of science and technology today. But 
we have3 yet to find our moment of self- 
confrontation and illumination. 

By now the wartime threat of nuclear 
power is obvious even to those who still 
cling to the idea of using it. For the 
sake of gaining momentary victory over 
a transient enemy, they would be ready 
to bring human history and perhaps all 
life on this planet to an end. But in re¬ 
coiling from this ultimate madness, in 
acknowledging that coexistence is bet¬ 
ter than nonexistence, we are not nec¬ 
essarily out of the woods; for even the 
peacetime uses of atomic energy should 
give us grave concern. On this score, I 
am not at all reassured by the sedative 
explanations that our own Atomic En¬ 
ergy Commission has put out. Certain¬ 
ly the history of ordinary industrial pol¬ 
lution gives us no ground for confi¬ 
dence: our childish shortsightedness un¬ 
der the excitement of no\’elt}% our con¬ 
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tempt for health wheu profits are at 
stake, our lack of reverence for life, 
even our own life, continue to poison 
the atmosphere in every industrial area 
and to make the streams and rivers, as 
well as the air we breathe, unfit for or¬ 
ganic life. The people who are now 
proposing to use atomic energy on a 
vast scale are the same people wdio have 
not yet made an effort, technologically, 
to dispose of the lethal carbon monox¬ 
ide exhaust of the motorcar, the same 
people whose factories expose the in¬ 
habitants of industrial areas to air pol¬ 
luted with virtually the entire number 
of known cancer-producing substances. 

For all our apparent concern to lower 
the death rate, we have scarcely yet 
begun to cope with the problems of 
ordinary industrial pollution. Yet, with¬ 
out even a prudent look over their 
shoulders, our governmental and indus¬ 
trial leaders are now proposing to manu¬ 
facture atomic energy on a vast scale, 
before they have the slightest notion of 
how to dispose of the fissioned waste 
products. 

Thi^ is one of those moments when 
it is well to remember the life-wisdom 
of the fairy tales before we turn the 
latest gift of science into a horror story. 
When some deep-seated human wish is 
gratified by magic in these stories, there 
is usually some fatal catch attached to 
the gift, which either makes it do just 
the opposite of what is hoped or sud¬ 
denly deprives the recipient of the 
promised boon, as Gilgamesh, in the 
Babylonian epic, is robbed by the ser¬ 
pent of the plant that would give him 
immortality. This catch is already visi¬ 
ble in atomic energy. We know how to 
turn nuclear fission on, but, once we 
have created a radioactive element, we 
must wait for nature to turn it off if we 
cannot use it in a further reaction. If 
once we raised the ceiling of radiation 
above the critical level, we could not 
undo that fatal mistake. 

Now I am not saying that the prob- 
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Jems pi'csented by the peacetime ex¬ 
ploitation of atomic energy cannot be 
overcome. What I am sav ing is that the 
problem of atomic pollution must be 
faced, not at the last possible moment, 
when irreparable damage has already 
been done, but at the earliest possible 
moment. Already, as John Bugher has 
pointed out, the indiscriminate use of 
radium paint for the instrument dials 
of a plane constitutes an occupational 
hazard for the pilot. We do not know 
yet whether a technical solution is pos¬ 
sible or whether the solution will have 
to be a political one that will ban 
nuclear energy except in laboratory 
quantities. Before we can have any no¬ 
tion of the long-term effects of atomic 
radiation, even in such relatively small 
amounts as have been released during 
the last ten years, we should, in all 
prudence, put atomic energy under 
strict probation. Our haste to exploit it 
betrays a frivolous sense of irresponsi¬ 
bility, which casts doubts on the fitness 
of our present leaders to exercise these 
powers. 

On this matter, the Atomic Energy 
Commission can speak with no author¬ 
ity whatever, Jor it lacks the only data 
that would be convincing, namely, that 
provided by time—and only by time. 
Our knowledge of radioactivity, if one 
takes it back to the discovery of the 
Becquerel rays, covers only some sixty 
years, or two generations; our large- 
scale production of fissioned materials 
covers only a decade. If in ordinary 
engineering calculations one multiplies 
by two as a factor of safety, in atomic 
calculations one should multiply by 
many times that number. We simply do 
not know emough about the long-term 
effects of atomic energy in even minor 
quantities to justify the risks we are 
already taking. But we know enough 
about the nature of radiation itself, be¬ 
ginning with the records we have of in¬ 
jury and death to early radiologists, to 


know that the risks are serious. In view 
of that fact, we Iiave a right to demand 
humility and prudence, not cockiness 
and indecent haste, in even the peace¬ 
time exploitation of atomic energy, no 
less than a total veto on its large-scale 
us(^ in war. The compulsive aspect 
about our peaceful exploitation of 
atomic energy should itself put us on 
our guard. It seems, indeed, almost 
neurotically compulsive, perhaps be¬ 
cause it is bound up with our repressed 
sense of guilt. What will all our atomic 
power profit us if it radically under¬ 
mines the balance of nature or the 
basis of human life? 

Now we come to a point where I feel 
obliged to put a terminal question: 
What has this conference disclosed to 
us? 

I cannot presume to voice the sense 
of the meeting on this matter, for it has 
disclosed many different things to each 
one of US; and perhaps some of the 
most important things we shall carry 
away from our papers and discussions 
may not become visible until long after 
we have separated, though they have 
already seeded themselves in our minds. 
But to me the conference confirmed a 
belief that has long been growing more 
definite; namely, that the still dominant 
pattern of seventeenth-century science, 
with its dismembered and isolated data, 
with its preference for single-factor 
analysis, with its strict separation of 
quantity and quality, with its reductive 
technique, must be supplemented in 
dealing with the phenomena of life with 
a method that does justice to the essen¬ 
tial nature of life: the autonomy and 
integrity of organisms, with their selec¬ 
tive and purposive behavior. We must 
abandon the semantic hoax of reducing 
organic behavior to "mechanisms,” for 
a machine is an arrangement of pre¬ 
determined parts for serving a specific 
human end; and the conception of a 
machine reintroduces the very element 
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of teleology that causal analysis at¬ 
tempts in vain to eliminate from the 
world of life. 

Now, when one deals with human 
beings, neither Cartesian causality nor 
Aristotelian tek'ology, no matter how 
we reinterpret and refine these con¬ 
cepts, sufficiently accounts for the trans¬ 
formations of man in history. For hu¬ 
man behavior is not merely purposive 
and goal-seeking but conscious; not 
merc'ly tied to existing ecological asso¬ 
ciations but capable of projecting a 
whole new pattern of relations in which 
both man’s objective knowledge of na¬ 
ture and his subjective projection of 
dream and wish and imagined purpose 
modify natural processes and bring 
them to a different destination. That 
which distinguishes the superorganic 
processes of culture from organic 
processes is precisely what man him¬ 
self, in his cumulative acts of self-nur¬ 
ture, self-education, and self-transfor¬ 
mation, has contributed to nature’s orig¬ 
inal gifts. And, if this is the case, one 
cannot hope to find out what man can 
do or should do in shaping the earth 
without canvassing something more 
than his present knowledge of origins, 
proces.ses, and stages. 

To command the forces now at man’s 
disposal and direct them toward organ¬ 
ic and human development, man must 
be capable of directing his actions to¬ 
ward ideal ends, imaginatively con¬ 
ceived and rationally criticized. The 
formulation of these ends does not 
come within the province of science, 
so long as it remains faithful to its own 
salutary discipline; it is rather the 
product of the arts and the humanities, 
of religious visions and moral aspira¬ 
tions. I come back, accordingly, to the 
need for a common philosophy of hu¬ 
man development that will do justice 
to all our partial historic formulations. 
Until we have that, we cannot make 
enlightened choices and project appro¬ 


priate goals. Beca\ise Irwth itself is a 
formative influence, scientific knowl¬ 
edge must enter into such a formula¬ 
tion, to replace the sometimes inspired 
guessw'ork of early religions; but there 
comes a moment when knowdedge must 
be applied to action, when action must 
be guided by rational plans, when plans 
must be laid out in terms of an ideal 
goal, and when the ideal goal must be 
chosen consciously with a view^ to the 
kind of self we are trying to produce, 
and therewith to the kind of facilities— 
geographic, economic, cultural—that 
self nc'cds for carrying through its pur¬ 
poses and its whole life-course. 

In most of our prognoses about man’s 
relations with the earth we have tended, 
I am afraid, simply to carry forward 
processes now observable, with such ac¬ 
celeration as may be expected from the 
cumulative nature of scientific and 
tt'chnical changes, provided that these 
leniain constant and undisturbed. Thus, 
we have taken technological civiliza¬ 
tion as a base line and have assumed 
that its spread to more primitive tech¬ 
nological cultures will continue, with 
results similar to those now visible in 
highly industrialized countries. In these 
predictions w^e overlook the eflFects of 
human consciousness, of human reac¬ 
tions, of human purposes that would 
possibly project a diflFerent destination; 
some of us, if we do not regard human 
nature as fixed, treat it as a dependent 
variable, entirely governed by the ma¬ 
chine. Surely, only by regarding man’s 
own self-transformation as negligible 
would anyone think it worthwhile to 
speculate, as some of us have done, on 
the transformations of energy that 
might make the earth capable of sus¬ 
taining as many as thirty billion people. 
That increase of population could not 
in fact be accomplished without a 
wholesale regimentation of humanity, 
so limiting its field of action, so cur¬ 
tailing its choices, so adapting it to 



1150 Mans Role in Changing the Face of the Earth 


merely physiological criteria of survival 
—with no thought of development— 
that the result would no longer be rec¬ 
ognizable as man but as an inferior 
creature with an inferior planet to work 
and play in. 

Now the facts are, I submit, quite dif¬ 
ferent from those assumed to operate 
Tinder this too simple assumption. As I 
suggested in my little introductory note 
to the whole station on the future, 
“within the limit of earth’s resources 
and man’s biological nature, there are 
as many different possible futures as 
there are ideals, systems of values, goals 
and plans, and social, political, educa¬ 
tional, and religious organizations for 
bringing about their realization.” To 
assume that there is only one possibil¬ 
ity left, that represented by our now- 
dominant technological civilization, is 
an act of religious faith, committed by 
those who believe in this civilization, 
and in no sense an objective scientific 
judgment. All our present statistical 
curves may be deflected and altered in 
the real future by human choice and 
human contrivance; and in making 
these choices our normative ideas and 
ideals—indeed, our unconscious resist¬ 
ances and drives—will play no less a 
part than our knowledge. 

Let me illustrate. There are, for exam¬ 
ple, large areas of thei United States in 
national and state parks that might 
have been gutted out for industrial pur¬ 
poses had not the ideas and values of 
the romantic movement, as expressed 
by Henry Thoreau, Frederick Law 
Olmsted, and George Perkins Marsh, 
resulted in appropriate political action. 
Those of us who assume that the one¬ 
sided exploitation of the machine, for 
profit, power, and prestige, without any 
regard for the quality of life, is fated 
to go on and become more compulsive 
are, consciously or overtly, casting 
their vote for what Roderick Seiden- 
berg calls “posthistoric man.” There 
would be only one virtue in that kind 


of society—adjustment—and only one 
reward—security. And the only freedom 
left would be that extolled by Karl 
Marx: “the conscious acceptance of 
necessity.” 

In the United States, no less than in 
Russia, we arc moving uncomfortably 
near such a society; indeed, its main 
outlines have already been sketched in. 
If the production of posthistoric man 
w'ere to become the dominant purpose 
of our culture, not a few^ of the prob¬ 
lems we have been discussing would 
be automatically disposed of. If the goal 
is uniformity, why should we seek to 
preserve any of the lichness of environ¬ 
mental and cultural individuality that 
still exists on the earth and, in turn, 
widens the range of human choice? 
Why should we not, on these terms, 
create by mechanical processes one 
single climate, uniform from the pole 
to the equator? Why should we not 
grind down the mountains, whether to 
obtain granite and uranium and soil, or 
just for the pleasure of bulldozing and 
grinding, until the whole round earth 
becomes planed down to one level plat¬ 
form. Then let us, if we need trees at 
all, reduce them to a few marketable 
varieties, as we have already reduced 
the six hundred varieties of pear that 
were commonly cultivated in the 
United States only a century ago. Let 
us remove, as a constant temptation for 
man to sin against his god, the machine, 
any memory of things that are wild and 
untamable, pied and dappled, unique 
and precious: mountains one might be 
tempted to climb, deserts where one 
might seek solitude and inner peace, 
jungles whose living creatures would 
remind us of nature’s original prodigal¬ 
ity in creating a grand diversity of 
habitats and habits of life out of the 
primeval protoplasm with which it 
began. 

If the goal is a uniform type of man, 
reproducing at a uniform rate, in a uni¬ 
form environment, kept at a constant 
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temperature, pressure, and humidity, 
living a uniform life, Nvithout internal 
change or choice, from incubator to in¬ 
cinerator, most of our historic problems 
concerning man’s relation to the earth 
will disappear. Only one problem will 
remain: Why should anyone, even a 
machine, bother to keep this kind of 
creature alive? 

If this is not to be mankind’s fate, 
liow are we to save ourselves from it? 
The simple answer reduces itself to a 
platitude: We must throw overboard 
this childishly inadequate picture of 
man’s nature and destiny and resume 
the functions of men. The greatest of 
these functions, capable of dominating 
all others, is that of conscious self- 
fabrication. We shall be ill prepared to 
meet the real challenges of the future 
if we imagine that our present institu¬ 
tions, because of the extraordinary suc¬ 
cesses of the machine economy in pro¬ 
duction, have congealed into a final 
mold from which man can never hope 
to escape. There is rather plenty of evi¬ 
dence at this moment to indicate that 
man may, as Teilhard de Chardin's pa¬ 
per suggested, be on the point of emerg¬ 
ing onto a new plane. For the first time 
man may, as a conscious, interrelated 
comprehensive group, take possession 
of the whole planet. For the last cen¬ 
tury, not merely have we been able to 
think of the world as a whole, in time 
and space, but we have been able 
through our manifold inventions to act 
in the same fashion. Yet both our think¬ 
ing and our acting have been crude, 
not to say primitive, because we have 
not yet created the sort of self, freed 
from nationalistic and ideological ob¬ 
sessions, capable of acting within this 
global theater. 

I cannot, with the brief space that re¬ 
mains at my disposal, begin to charac¬ 
terize this new self, this “one world” 
self, as one might be tempted to call it; 
for it has as yet only begun to emerge. 
But if one of man’s main tasks in the 
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future will be to resettle and recultivate 
the earth, for the sake of human educa¬ 
tion and vital enjoymemt, primarily, 
rather than for the sake of power, some 
of the characteristics of this self may 
be defined in advance. Though it will 
cherish the skills and talents associated 
with professional training, it will be 
multi-occupational as well as multi-en¬ 
vironmental; it will demand, wherevt'r 
it settles or moves, the largest possible 
variety of opportunities and choices. To 
exercise all the functions of a man will 
become more important than to wear 
the identifying badge of a nation or 
an office; for the day will come, as 
Emerson once said, when no badge, 
uniform, or star will be worn. The mem¬ 
bers of this conference, Carl Sauer has 
told us, were chosen not as representa¬ 
tives of a discipline, an institution, or a 
country but for their qualities as think¬ 
ing human beings. So, in our meetings 
we have had, in a happy degree, a fore¬ 
taste of what world culture and unified 
man would be. On such a basis, one 
need not fear posthistoric uniformity. 
When we begin the cultivation of the 
earth as a whole for more deeply human 
purposes, we may look forward rather 
to a flowering of individuality. 

Certainly we can hardly hope to 
block the seemingly inexorable march 
of posthistoric man by clinging to ob¬ 
solete institutions and archaic forms of 
the human self, fabricated by earlier 
cultures. To fight against the world¬ 
wide tendency toward mechanical uni¬ 
formity and human nullity by trying to 
reserve some small segment of our life 
for an individuated development would 
be to surrender any hope of final vic¬ 
tory. What we need to confront the 
threatening omniscience and omnipo¬ 
tence of posthistoric man is to cultivate 
powers equally godlike in a quite differ¬ 
ent part of the personality. Must we not 
cultivate a force that came late even in 
man’s conception of godhood—the force 
that Henry Adams prophetically sum- 
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moned up in opposition to tlio dynamo? 
I mean the force of And I mean 

love in all its meanings; Jo^’e as erotic 
desire and procreati\'eness; love as pas¬ 
sion and aesthetic delight, lingering 
over its images of beauty; love as fel¬ 
low-feeling and neighborly helpfulness, 
bestowing its gifts on all who nec'd it; 
love as parental solicitude and sacrifice; 
love as the miraculous capacity for 
overvaluing its own object and, therti- 
by, glorifving it and transfiguring it, 
releasing for life something that only 
the lover can see. We need such a re¬ 
deeming and all-embracing love at this 
moment to rescue the earth itself and 
all the creatures that inhabit it from 
the insensate forces of hate, violence, 
and destruction. 

In e\’oking something so far outside 
the accepted province of a scientific 
conference as the works of love, I feel 
for a moment as if I were speaking with 
the voice of another man, a man whom 
we sorely miss, the voice of Father Teil¬ 
hard de Chardin. Perhaps not so much 
the co-discoverer of Peking man, though 
love of truth is itself one manifestation 
of love, but the Chardin who belonged 
to a great Caliolic order and who ex¬ 
pressed the Christian reverence for life. 
To those who are quickened by love, 
every part of the earth has meaning and 
value; and no man is so humble, be he 
only a Micronesian islander or a Japa¬ 
nese fisherman, as not to be immune, as 
of right, from threat of injury or wan¬ 
ton extermination. There has been a 
palpable undercurrent of love all 
through this conference; we shall not 
easily forget John Davis’ love of the 
seashore and the waters that touch the 
shore, William Albrecht’s love of the 
soil, Fraser Darling’s love of the eco¬ 
logical pattern, Soliman Huzayyin’s 
love of the Nile Valley, Gottfried Pfei¬ 
fer’s love of the peasant economy, Sol 
Tax’s love of a primitive Indian com¬ 


munity, Edgar Anderson’s love of hy¬ 
brid vigor, to mention all too invidious¬ 
ly—alas!—only a few of these whose 
love was as conspicuous as their im¬ 
mense scientific competence. 

The awful omniscience and the om¬ 
nipotence of our science and tech¬ 
niques would turn out to be more self- 
destructive than ignorance and impo¬ 
tence if the compensating processes of 
life did not foster a new kind of person- 
alitv, whose all-lovingness will in time 
offset these dangerous tendencies. We 
are now at a point where over two bil¬ 
lion people have become our neighbors, 
and we shall have to learn all over 
again, without going back to our Stone 
Age ancestors, what the love of neigh¬ 
bors means. We can communicate with 
them at the speed of light; we can co- 
opt'rate with them, to our common ad¬ 
vantage, in long-term works of dressing 
and keeping the earth—or we can ex¬ 
terminate them, if we should be so vi¬ 
cious or so reckless, as surely as an 
electrocutioner, by a press of the but¬ 
ton, can kill a condemned man. If we 
approach the earth and man in a spirit 
of love, we shall respect their individ¬ 
uality and treasure the gifts to person¬ 
ality that organic variety itself brings 
with it. We shall beware of all uniform¬ 
ities, unless, like the animal reflexes, 
they are agents of a higher life. Of 
every invention, of every organization, 
of every fresh political or economic 
proposal, we must dare to demand: 
Has it been conceived in love and does 
it further the purposes of love? 

Much that we now do would not sur¬ 
vive such a question. But much that is 
still open to man’s creative acts of self¬ 
transformation would at last become 
possible. Not power but power directed 
by love into the forms of beauty and 
truth is what we need for our further 
development. Only when love takes the 
lead will the earth, and life on earth, 
be safe again. And not until then. 
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Ashlcam (Ireland), 230 
Asia, 12, 54, 56, 62, 78, 94, 165, 
176, 178, 180, 221, 278-99, 
304, 306, 316, 317, 325, 333, 
336, 341, 342, 343, 415, 416, 
419, 430, 455, 511, 547, 694, 
696, 710, 723, 763, 782, 783, 
793, 821, 886, 921, 926, 970, 
972, 973, 974, 978,980,1041, 
1053 

Asia Minor, 166, 173, 174, 179, 
279, 305, 535 
Aso, Mt. ( japan), 463 
Asparagus bean, 332 
Aspen, 724, 725 
AspJiodchis, 685 
Aspiration, human, 1085 
Assam (India), 326, 327, 328, 
330, 333, 407, 463, 464, 693, 
698, 704, 706, 710 
Assart, 191, 192, 194 
Assyrians, 166, 468 
Astronomy, 156, 161, 1056, 

1063 

Asturias (Spain), 229 
Aswan Dam (Egypt), 919 
Atacora Mts., 345 
Atchafalaya R., 467 
Aterian stone industry, 411 
Athabascan Indians, 53 
Athens (Ga. ),240 
Athens (Greece), 159, 174, 
185, 385, 427, 866, 928 
Atitlan, Lake, 683 
Atjeh (Indonesia), 704 
Atlantic City (N.J.), 426, 437 
Atlantic Coast, 65, 278, 371, 
424 

Atlantic coastal plain, 580 
Atlantic Ocean, 62, 64, 65, 142, 
168, 170, 196, 218, 231, 234, 
286, 299, 311, 315, 351, 356, 
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456, 489, 492, 495, 507-35, 
548,616 

Atlantic period, 139, 141 
Atlantic phases, 225, 412 
Atlantic time, 140, 143 
Atlas Mts., 318 
“Atman,” 1058, 1059 
Atmosph(.‘re, 103, 480, 585, 

592, 595, 611, 838-39, 843, 
1023; composition of, 585; 
electrical properties of, 592 
Atmospheric phenomena, 616 
Atoll, 94, 96 
Atomic age, 367 
Atomic bomb, 568, 1046, 1054, 
1064, 1076, 1105; see also 
under Nuclear 
Atomic cloud, 839 
Atomic energy, 836, 998, 1005, 
1026,1028, 1030,1031,1032, 
1054,1094,1146,1147,1148; 
see also under Nuclear 
Atomic Energy Commission 
(U.S.), 553, 844,1011, 1086, 
1147, 1148 

Atomic explosion, 838 
Atomic fission, 998, 1076 
Atomic industry, 361, 842 
Atomic piles, 1142 
Atomic power, 1046 
Atomic radiation, 937 
Atomic reactors, 589 
Atomic research, 1111 
Atomic scientists, 1127 
Atomic! warfare, 844, 847 
Atomic weapons, 844 
Atomic weight, 1143 
Atrato R., 536, 537 
Atrip!ex, 750 
“Attic” CTirrency, 168 
Attica (Greece), 70, 185, 403, 
684 

Aubcl (Belgium), 141 
Aude (France ), 14 
Aurignacian stone industry, 411 
Australia, 65, 83, 98, 118, 119, 
324, 462, 492, 494, 614, 648, 
737, 750, 754, 780, 790, 793, 
794, 799, 886, 933 
Australian aborigines, 94, 434 
Australoids, 325 
Australopithecines, 104, 105, 

412 

Australopithecus, 116, 117 
Austria, 38, 77, 167, 197, 203, 
304, 900 

Authoritarianism, 1097 
Automation, 998, 999, 1000 
Automobile, 362, 375, 392. 394, 
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865, 866, 867, 888, 889, 957, 
1014, 1026, nil 
A\itonomy, 1145 
Avena fatua, 750 
Ax’oeado, 764 
Avon R., 530 

A\onmouth (England), 530 
Ax. 191; of steel, 225; of stone, 
225, 283 

Azerbaijan (Iran), 373 
Azores Is., 341, 493 
Azraq ( Syria), 403 
Aztec s, 158, 456, 766 

Bab cl Mandeb, 304, 320 
Babisa tribe, 705 
Babylon, 385, 881, 997 
Babylonia, 159, 166, 167, 168, 
170,367,510,1144 
“Backward” country, 1133 
Bacon cell, 1020 
Baconc (Okla.), 594 
Bacteria, 487, 738, 744, 976 
Badaga tribe, 327 
Badarian stone industry, 411 
Baden (Germany), 248 
Badland. 628, 636, 639, 641 
Badlapur (India), 933 
Baffin Bay, 491 
Bagasse (Haiti), 63 
Baghdad (Iraq), 509 
Baiga tribe, 327 
Baikal. Lake, 776 
Bafri, 158 

Baku (U.S.S.R.), 373 
Balaena, 491 
Balacnoptcra, 491, 494 
Balance, 939, 940, 949, 1084. 
1137; ecological, 397, 1146; 
of nature, 87, 796, 1037; ur¬ 
ban, 389 

Balboa (Calif.), 464 
Bali (Indonesia), 156 
Balkan Mts., 184 
Balkans, 123, 138, 168, 179, 
187, 188, 285, 305, 723, 773 
Baltic Sea, 123, 141, 187, 204, 
208, 210, 218, 266, 516, 723, 
765 

Baltimore (Md.), 65, 353, 354, 
547. 811, 814 

Baluchistan (Pakistan), 325 
Bamboo, 701, 704, 706, 764. 
765, 812, 1054 

Ban Methuot (Viet-Nam), 345 
Banana, 330, 333, 708, 709 
Bandkeramik, 138, 288 
Bangalore (India), 933 
“Bangalore Method,” 812 
Banking, 166, 173, 444 



Mans Role in Changing the Face of the Earth 


1162 

fiantu jof’DpIt*, 21, 705, 706, /0< 
Baohiihs. 699, 703 
"*BarbiirianSy” 1060, 1091 
Barcf^Iona (Spain), 527 
Bari Village (Sudan), 13 
Barley, 58, 59, 139, 158, 225, 
231, 233, 255, 286, 316, 317. 
330, 331, 332, 359, 764, 765 
“Barrens,” the, 425, 426, 581, 
724 

Barrier beach, 533 

Barrier islands, 512 

Barysphere, 103 

Base level, 476, 632, 919, 922 

Basel (Switzerland), 601 

Basketry, 443 

Basque people, 187, 220, 491 
Basswood, 726, 728 
Bastar tribe*, 327, 706 
Bastidcs, 194 

Batak people, 693, 695, 704, 
708, 710 

Bath (England), 9, 897 
Batoka tribe, 711 
Baton Bouge (La.). 453 
“Battle-ax” culture, 145, 146, 
415 

Baiichi Plateau, 345 
Bauxite, 859, 989, 1031 
Bavaria (Germany), 223, 247, 
436 

Bavispe (Mexico), 463 
Bayrischen Wald, 252 
B.C.G. vaccine, 820, 822 
Beach, 505, 515, 516; erosion 
of, 508; protection and stabi¬ 
lization of, 516 
Bcaghmore site, 227 
“Beaker” culture, 146, 233 
Beans, 68, 139, 231, 331, 773 
Bear Paw Mts., 641 
Beaufort (N.C.), 842 
Beaufort Sea, 492 
Brauty, 442, 1081, 1152 
Be( 'juerel rays, 1148 
Bedouin nomadization, 296-99 
Bedouins, 59, 296-99, 1106 
Bcdt/, 397 
Bee, 1( 3, 170, 206 
Beech, 183, 184, 188, 189, 191, 
2J9, 220, 723, 728 
Behavior, 1087, 1149; social, 
945 

Bel^*m (Brazil), 340, 341, 342 
Belfast (Northt*rn Ireland), 217 
Belgian Congo, IS, 337, 338, 
438, 699, 707 

Belgium, 25, 138, 139, 141,142, 
143, 204, 336, 368, 373, 374, 
453, 467, 512, 531, 858, 933 


“Bell-beaker” culture, 145 
Bell County (Texas), 28 
Boll Telephone Laboratories, 
1018 

Bemba people, 339, 346 
Benedictine monasteries; see 
Monasteries 

Bengal (India), 326, 330, 459, 
932; Bay of, 283, 297 
Bcngucla Current, 489 
Bout grass browntop, 749 
Berber people, 123, 284 
“Bcrgischcs Land” (Germany), 
146 

B('rgues ( France ), 32 
Beri beri, 824 
Bering Sea, 494 
Bering Strait, 490—92 
Berkeley (Calif.), 49, 70, 575, 
576, 851, 1053, 1062 
Berlin (Germany), 436, 590, 
595, 602, 808 
Beryllium, 855 
Bet<d-nnt palms, 708 
Bethlehem (P>ance), 195 
Bethlehem Steel Company, 814 
Betsileo people, 339, 340 
Beiula, 516 
Bewar, 693 
Bhil tribe, 327 
Bhopal (India), 327 
Bhotia tribe, 327 
Bhumij tribe, 327 
Bhutan, 325 
Bible, 384, 784, 811 
Biddulphia, 497, 498 
Bielozersk (U.S.S.R.), 207 
Bienne, Lake, 78 
Bifdnge, 193, 256 
Big bluestem, 728 
Big Bone Lick (Ky.), 352 
Bihar (India), 326, 327. 330, 
464 

Bilharzia, 822, 825, 826 
Billancourt (France), 17 
Bingham Canyon (Utah), 860 
Biocenose, 100, 930 
Biochemistry, 1108 
Biogeography, 61 
Biologic equilibrium, 552 
Biological-ecological view, 447 
Biology, 447, 544, 573, 770, 
944, 947, 1054, 1059, 1060, 
1100; developmental, 447 
Biome. 739, 741, 744 
Biosphere, 103, 801 
Biotic community, 735, 930, 
931 

Biotic pyramid, 1071, 1072, 
1073 


Birch, 210, 225, 233, 237, 412 
685, 724, 785 

Birds, 508, 518, 700, 728, 738, 
798, 799, 800, 1054 
Birhor tribe, 327 
Birmingham (England), 392, 
436 

Birth control, 937, 969, 977, 
982 

Birth rate, 933, 934, 936, 971, 
976, 977, 978, 979, 980, 981, 
983, 984, 991, 1078, 1079, 
1103, 1117 

Biscay, Bay of, 491, 534, 535 
Biskra (Egypt), 307, 314 
Bison, 475, 663, 729, 739, 742, 
743, 744, 745, 748, 749 
Bitterweed, 747 
Bituminous coal, 360, 369, 370, 
371, 372, 373, 374, 1075, 
1077; see also Coal 
Bixa, 766 

Black Country (England), 391 
Black Death; 266, 419, 468, 
824, 975 

Black-cyed Susan, 728 
Black Forest (Germany), 195, 
247, 252, 263 

Black Hills (S.D.), 741, 854, 
860 

Black scabbard, 501 
Black Sea, 172, 204, 294, 487, 
535 

Black walnut, 725 
Blue bunch wheat grass, 685, 
688 

“Blue flower,” 1003 
Blue gramma grass, 352 
“Blue-whale units,” 495 
Blucgrass, 731, 749, 750, 751, 
755 

Bluestem, 730, 739, 749 
Bobwhite, 799 
Boeotia (Greece), 186 
Boer lovegrass, 747 
Bogoslof 1., 466 
Bogs, 233, 264 

Bohemia (Czechoslovakia), 139, 
197, 198 
Boise R., 643 
‘‘Bokonto’* tr(.*e, 711 
Bolivia, 161 
Bologna (Italy), 446 
Bolsheviks, 1036, 1037, 1039 
Bombay (India), 327, 435, 459, 
525, 537, 1114 
Bone, 846, 1114 
Bone sarcoma, 846 
Bonnefontaine (France), 189 
Bonneville, Lake, 426 
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Bontuc people, 695, 710 
Boone County (Ky.), 352 
Borassus palm, 334 
Boreal forest, 280 
Borneo, 116, 695, 704, 710 
Bosnia, 137, 183, 197 
Boston (Mass.), 38, 374, 894 
Botany, 568, 1053 
Bothnia, Gulf of, 41 
Boulder (Colo.), 115 
Boulder Dam, 29, 923; .set? also 
Hoover Dam 
Bourgs, 194 

Bouriuille (England), 393 
Bouteloua, 730, 739 
Boy Scout movement, 1126 
Box elder, 725 

Brabant (Bt.'lgiuin), 193, 195 
“Brahma,” 1053, 1059 
Brain, 1082, 1106 
Brando'nbnrg (Germany), 196, 
193, 267 

Brandwirtschaft, 140, 189, 200. 
225, 407 

Brandyv^’ine R., 479 
Brazil, 121, 240, 336, 337, 338, 
340, 341, 404, 418, 491, 694, 
697, 698, 701, 702-3, 709, 
797,812, 326 

Breckland (England), 204 
Bremen (Germany), 265, 522 
Bremerhaven (Germany), 525 
Brentwood (England), 192 
Breton I. (La.), 458 
Bridge, 394, 942 
Bridltid quail dove, 800 
Brindley (England), 192 
Brine, 200, 372, 373, 552, 1015 
Bristol (England), 160, 530 
Briti.sh Association for the Ad- 
\'ancemcnt of Science, 10 
Briti.sh Central Africa, 119 
British Columbia (Canada), 
120, 799 

British Commonwealth, 1075, 
1126 

Briti.sh East Africa, 40 
British Honduras, 692 
British Isles, 37, 87, 279, 357, 
497, 685; see oho England; 
Great Britain; Ireland; Scot¬ 
land; Wales 

British Political and Economic 
Planning (PEP), 987, 993 
Iritish Royal Commission on 
Population, 936 
British West Indies, 62 
Brittany (France), 220, 221, 
225, 229, 918 

Broken Arrow (Okla.), 594 


Rrom(“ grass, 749, 750 
Bromine, 836, 1030 
BromuSy 749; B. inerinis, 747; 
B. mollis, 750; B. rigidus, 
750; B. riihens, 750 
Bronze Age, 139, 144, 145, 146, 
165, 166, 171, 225, 226, 223, 
229, 233, 237, 251, 326, 415, 
1127 

Brooklyn (N.Y.), 554, 925 
Brooks Range, 786 
Browntop, 755 
Brunswick (Me.), 217 
Bnishland, 692, 754 
Bryansk (U.S.S.R.), 206 
Bucclhirii, 176 

BiichJoe clactt/loides, 730, 739 
Buckwheat, 289, 290 
Budapest (Hungary), 593 
Buddha, 156, 296, 1059 
Buddhism, 711, 1057, 1058, 
1060, 1108, 1143 
Buenos Aires (Argentina), 25 
Buffalo, 309, 328, 337, 779, 
730, 782 

Buffalo gra.ss, 352, 730, 731, 
739, 744, 745 

Bukidnon (Pljilippines), 702 
Bulgaria, 21, 23, 188, 203 
Bunch grass, 353,737, 748, 749, 
751 

Buroni, 1041, 1042 
Bnrdwan (India), 370 
Burial, 146, 395, 711 
Biirksville (Ky.),373 
Burma, 125, 286,367,370, 371, 
375, 407, 492, 693, 695, 701, 
708. 966, 1060 

Burning, 56,124, 428, 700, 748, 
750, 753, 755; sec also Fire 
Bushmen, 21 
Bustam (Iran), 8 
Butte (Mont.), 854 
Bntterciips, 764 
Byzantine, 178,179, 1035, 1106 
Byzantium, 154, 1035 

Cabbage, 261 
Caborlo, 404, 418 
Cacao, 341 
Cactus, 741,745, 747 
Cafanus cajan, 332 
Cajuns, 920 
“Cake of custom,” 983 
Calamovilfa longifolia, 739 
Calcium, 443, 651, 653, 656, 
663, 664, 665, 782, 840, 1114 
Calc'ium .sulfate, 1030, 1031 
Calcutta (India), 370, 435, 799, 
1114 


C'vdedou’uin Revolution, 45 ^ 
(.'.iiledonian np'lAnd, 218 
C/alifcjrnia, 83, 100, 118, W), 
120,121,121. :;57,360, 36R 
373, 417, 445, 459, 461, 463, 
491, 493, 517, 546, 547, 549, 
551, 552, 558, 576, 597, 737, 
738, 749, 751, 753, 756, 763, 
766, 767, 769, 770, 775, 776, 
784, 813, 859, 868, S73, 875, 
889, 923, 924, 100(3 1010, 
1023, 1041; Gulf of. (K), 923; 
University of, 118, 81 1053 

California Institute of 7’cch- 
nology (CalTech), lOSG 
California Packing Ccirpora- 
tiem (“Del Monte”), 702 
California Water Pollulicm 
Board, 558, 559 
(killao (Peru), 527 
Calluna, 782 
Cambodia, 76‘ 

Ckimbrian period, 1114 
Cambridge (England), 190, 
945; University of, 75, 442 
Camel, 170, 178, 296, 297, 403, 
430, 475, 479, 680 
CamigLiiri I. ( Philippin('s), 462 
(kunpauia (Italy), 186 
Campfire', 118, 119 
Campigniaii period, 141, 142, 
143, 144 

Campo, 126, 697, 702, 703 
Canada, 4, 53, 128, 165, 207, 
362, 380, 492, 496, 538, 547, 
722, 737, 739, 763, 871, 872, 
873, 875, 1076 
Canada bluegrass, 763 
Canada thistle, 747, 750, 764 
Canadian R., 354 
Canal-building, 530, 536; an¬ 
cient, 530-31; intercoastal, 
531-32 

Canal engineering, 531, 534 
Canal dn Midi, 535 
Canal systems, 511 
Canals, 174, 384. 440, 512,514, 
528, 531, 532, 534, 539, 798, 
821, 825,866,926 
Cancer, 820, 821, 935, 966, 
1117 

Cannabis indica, 332 
Canton (China), 369 
Cape Cod (Mass.), 535 
Cape Flats (South Africa), 866 
Cape of Good Hope, 537 
Cape Town (South Africa), 
527, 866 
Cape weed, 755 

Capitali.srn, 167, 169, 172, 433, 
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434, 444, 474, 946, 1027, 
1104 

Capitulate de villis, 246 
Capra hypocrius^ 325 
Capra jeemlaica, 325 
Capsian stone industry, 411 
Caranx, 488 
Caravan, 169, 430, 536 
Carbohydrate, 663, 664, 665, 
666, 781, 1072, 1073, 1085 
Carbon, 964, 1030; radioactive, 
832 

Carbon dioxide, 489, 651, 666, 
1114 

Carbon-14, 692, 703, 764, 832, 
926, 944 

Carbon monoxide, 1147 
Carbdn scrub, 773 
Carcassonne (France), 14 
Carib Indians, 709, 920 
Caribbean Sea, 22, 765, 799, 
859, 871, 873 
Caribou, 785, 786 
Carinthia (Austria), 197, 265 
Carlisle (Pa.),370 
Carniola (Yugoslavia), 197 
Carnot cycle, 1017 
Carpathian Mts., 172, 189, 203, 
205 

Carrivegari\'e (Northern Ire¬ 
land), 232 
Carrizo ridge, 769 
Carthage, 385, 389, 692 
Carthaginian Empire, 170 
Cary Ota urens^ 334 
Cascadian Revolution, 351 
Caspian Sea, 294-95, 517, 

1041, 1046, 1048 
Cassava, 341, 405 
Cassia, 62 
Cassiterite, 859 

Caste, v326, 1060, 1096, 1097, 
1109 

Castile (Spain), 187, 406 
Casllr, 12, 17, 33 
Castl. tests, 839, 842, 846 
Castor. 331, 333 
Casuai\na, 793 

Cat, Itr , 170, 669, 670, 798, 
1081 

Catalonia - Spain), 187 
Catastrophe. 458, 460, 847, 
997, 1030, 1031, 1085, 1115, 
1116; clinuoic, 454 
Cathay, 532 

Catholicism, 444, 776, 1063 
Cattle, 60, 62, 63, 96, 143, 145, 
146, 166, 170, 218, 221, 222, 
225, 228, 231, 233, 236, 285, 
286, 290, 291, 294, 295, 297, 


316, 317, 328, 329, 341, 358, 
359, 360, 361, 362, 405, 416, 
427, 428, 459, 670, 680, 688, 
696, 697, 700, 707, 723, 727, 
729, 730, 738, 741, 742, 743, 
744, 745, 746, 748, 750, 753, 
754, 763, 780, 782, 798, 824, 
842, 865, 923, 941; sacred, 
697 

Caucasia, 305 
Caucasian bluestems, 747 
C;Jaucasoids, 455 
Caucasus Mts., 166, 172, 1035 
Causality; Cartesian, 1149; 

concept of, 1058 
Cave, 115, 117, 382, 411 
Cayenne (French Guiana), 76 
Ccanothus, 775 
Cedars of Lebanon, 404 
Cedrus libani, 682 
Cellulose, 388, 678, 782 
Cchnisia, 751 

Celtic, 58, 165, 167, 220, 226, 
227, 228, 229, 231, 236, 418 
Cemetery, 394, 395 
Census, Bureau of the (U.S.), 
988 

Crnfaurea repens, 750 
Centerton (N.J.), 567 
Central America, 62, 410, 694, 
695, 764, 773, 813, 826; see 
also Middle America 
C<.*ntral Park Observatory 
(N.Y.), 602 

“Central-place*’ tlieory, 863 
Central Provinces (India), 706 
Centralization, 862; urban, 394 
Centuriatio, 171 
Cephalonia, 188 
Cereals, 140, 158, 315, 680 
Cesium, 840 

Cevlon, 121, 122,126, 325, 492, 
693, 701, 825, 936, 981, 985 
Chagga tribe, 156, 161 
Chakma tribe, 327 
Chalcolithic cultures, 317 
Chamois, 754 
Chana, 697 

Change, 2, 83, 103, 408, 409. 
445, 951, 1109, 1111, 1136, 
1137, 1138, 1140, 1144; in 
biological communities, 940— 
43; constancy of, 408, 409; 
continuity of, 2; datum lines 
for, 408; dynamics of, 445; 
in environment, 732—33; dur¬ 
ing historical times, 318-20; 
in physical plienomena, 650— 
61, 917-29; processes of. 


445; social, 445; unplanned, 
83 

Changcdalo, 229 
Channel, 506, 507, 530, 621, 
622, 630, 632 

Chaos, 944, 945, 1099, 1139, 
1141 

Chaparral, 480, 748, 775, 776 
Charcoal, 121, 187, 192, 210, 
225, 341, 369, 372, 373, 477, 
518, 703, 722 
Charente (Franc-e), 199 
Chariots, 228, 389 
Charity, 1003, 1100 
Charles R., 1139 
Charleston (S.C.), 464, 491 
Cheat grass, 730, 747 
Cheer pine, 125 
Chellean-Acheulean complex, 
411 

Chemicals, 1010, 1016 
Chemistry, 544, 690, 1081; in¬ 
organic, 666; organic, 666 
Chena, 693 

Chenclui tribe, 327, 704 
Chenopod, 63, 475 
Cherbourg (France), 527 
ChtTnozem, 427, 783 
Chero tribe, 327 
Chesapeake and Ohio Rail¬ 
road, 865 

Chestnut Hill (Pa.), 393 
Cheyenne County (Kan.), 350 
Chiapas (Mexico), 705 
Chicago (Ill.), 361, 362, 436, 
555, 808, 809, 825, 841, 867, 
887; University of, 953 
Cliicago Natural History Mu¬ 
seum, 93 

Chicago Sanitary and Ship 
Canal, 555 
Chicken, 170, 680 
Chihli (China), 369 
Chikwangues, 438 
Chile, 161, 465, 491, 495, 692, 
859 

Chimpanzee, 105 
China, 4, 5, 12, 15, 19, 21, 23, 
24, 28, 31, 40, 43, 83. 84, 
118, 119, 121, 122, 154, 157, 
158. 159, 160, 169, 170, 178, 
180, 220, 279, 281, 282, 285, 
286, 287, 290, 291, 292, 293, 
297, 299, 368, 372, 383, 384, 
388, 390, 402, 405, 416, 418, 
429, 436, 443, 460, 475, 497, 
518, 530, 531, 532, 539, 680, 
702, 723, 734, 766, 813, 826, 
867, 881, 925, 926, 956, 970, 
973, 974, 975, 983. 1023. 
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1030, 1049, 1064, 1115, 

1125, 1144 
China Sea, 491, 492 
Chinese spotted dove, 799 
Ch'ing-hai (China), 290 
“Chit consciousness,’* 1058, 
1060 

Ch*itan tribes, 294—95 
Chitemene, 339, 693, 705, 706 
Chlorella, 519, 1019, 1020 
C>hlorine, 391, 1030 
Chlorophyll, 1019, 1020 
Cholera, 432, 764, 812, 818, 
825, 827; Asiatic, 808 
Chota Nagpur (India), 710 
Chou dynasty, 290, 292, 293, 
429 

Choukoutien (China), 117 
Christianity, 19, 177, 179, 180, 
394, 405, 710, 958, 1091, 
1103, 1120, 1143 
Chromium. 852, 858, 859, 1029 
Chromosomes, 108, 764, 946, 
964 

Chrysothamnus, 685 
Chiirch, 12, J6, 17, 34, 35, 37, 
41, 42, 395, 1097, 1142 
Cibotus, 526 

Cienaga Grande (Colombia ), 
22 

Cimarron R., 352 
Cincinnati (Ohio), 864 
Cincinnati, New Orleans, and 
3’exas Pacific Railroad, 864 
Cinnamomum, 324 
Circulation, 447, 572, 862, 863, 
867 

Cistercian monasteries; see 
Monasteries 

Cities, 382-87, 393, 395, 396, 
475, 864, 865, 881, 882, 885, 
1050, 1064; building of, after 
catastrophes, 436; climate of, 
584, 600; contributions of, 
387; cultural values in, 441; 
developmental history of, 
437; distinction of, from 
towns, 435; distinguished 
from villages, 386; effect of, 
on climate, 600; fog in, 590, 
591, 601; functions of, 437, 
439; growth of, 384, 437; 
as human breeding places, 
435; limits of grow^ in, 
390-91; losses due to, 442; 
meaning of, 436; parasitic, 
438; requirements for, 437; 
rise of, 434-38; shrinking of, 
172-176; sizes of, 385, 441; 


surplus necessary for, 438; 
tht'rmal effect of, 597 
City of the Dead, 15 
Civil War (IJ.S.), 64, 65, 201, 
374, 742, 743 
Civilisations socialcs, 432 
Civilization, 61, 78, 79, 111, 
286, 296, 297, 299, 310, 313, 
320, 338, 343, 346, 387, 388, 
401, 402, 421, 429, 432, 445, 
458, 558, 711, 786, 945, 949, 
954, 958, 1030, 1073, 1098, 
1102-6, 1111, 1112, 1137- 
39, 1142; hydraulic, 152-64, 
418, .420, 429, 926, 1104; 
non-technological, 1052, 
1053, 1054, 1057, 1058, 

1059, 1060, 1065, 1108; Ori¬ 
ental, 156; urban, 385; see 
also Culture 
Clachan, 229 

Clare, County (Ireland ), 237 
Claremore (Okla.), 594 
Clay, 196, 207, 225, 430, 454, 
513, 609, 628, 634, 651, 653, 
662, 664, 1029, 1031, 1072 
Cleanliness, 824, 976, 1079 
Clearfield (Pa.), 370 
Cleveland (Ohio), 600, 809 
Cleveland (Okla,), 594 
Cleveland Harbor, 479 
Climate, 134, 346, 409, 453, 
458, 480, 491, 567, 643, 663, 
688, 698, 731, 733, 749, 926, 
931, 932, 941, 1044, 1150; 
belts of, 454; changes in, 51— 
54, 61, 78, 79, 226, 319, 320, 
412, 419, 466, 568, 571, 584, 
632, 637, 695, 919, 926-27; 
causal factors in, 572; 
changes of, 403, 546—47, 
567; characteristics of, 571; 
control of, 582, 1044; deteri¬ 
oration of, 603; elements of, 
586, 589; factors in, 571; 
fluctuation in, 568, 741, 745; 
influences of, 584; modifica¬ 
tion by, 571; variation in, 
568 

Climatic optimum, 53, 318, 
420, 546, 926 

Climatic oscillation, 310, 313 
Climatic surveys, 584 
Climatology, 312, 544, 573 
Climax, 351, 397, 408, 409, 
412, 728, 730, 734, 735, 742, 
779, 938, 941, 1091, 1127, 
1136; ecological, 781 
Clouds, 601-2, 603; seeding of. 


568, 612-14; supercooled, 
595, 607, 608, 609, 610, 615 
Clover, 170, 255. 261 
Cnidians, 534 

Coal, 116, 200, 300, 362, 367- 
80, 383, 390, 3 .)]. 432 , 448, 
589, 722, 854, 865, 867, 872, 
875, 988, 1010, 1012, 1013, 

1023, 1025, 1027 32, 1049, 

107.5-78, 1115; .see also 

Anthracite; Bitnminons coal; 
Lignite 

Coal-crushing plant, .377 
Coal gas, 369 
Coal tar, 369, 371, 374 
Coamile, 69.3 
Coast, 264, 467, 504-19 
Coast and Geodetic Survey 
(U.S.),548 
Col>alt, 443 
Cochin (India), 329 
Coconut, 96, 333, 431, 792 
Cod, 496, 500 
Coffee, 63. 333, 431, 709 
Cogon, 701, 702 
Cogormles, 126, 701; sec also 
Kaingin 

Coke, 200, 210, 369, 371, 391, 

1024, 1031; see also Coal 
Colchester (England), 383 
Colchis, 927 

Colobrookdale (England), 369 
CoUines, 342 

Colocasia antiquorum, 332 
Cologne (Germany), 140, 141, 
173, 601 

Colombia, 22, 62, 536 
Coloni, 171, 175, 176, 179 
Colonial bent, 749, 755 
Colonization, 78, 194,196, 265, 
395, 420, 696, 709; agricul¬ 
tural, 178 

Color, 1055, 10.56, 1058, 1060, 
1061, 1108, 1109 
Colorado, 115.. 379, 739, 74.5, 
872; University of, 123 
Colorado Desert, 461 
Colorado Plateau, 623 
Colorado R., 30, 60, 425, 542, 
551, 5.53, 641, 643, 644, 646, 
923, 924, 997 

Columbia (Mo.), 648, 657 
Columbia (Pa.), 371 
Columbia R., 454, 463, 555, 
737, 875, 919, 997 
Commerce, 429, 474, 923 
Commerce, Department of 
(U.S.),481, 538 
Commercial agriculture, 431, 
886 



1166 


Mans Role in Changing the Face of the Earth 


CommercinJ economies, 357— 
60, 423-33, 940, 1109 
C'omniission <yf Hoiisini^ mul 
Regional Planning, 396 
Common foxtail, 749, 750 
Commonwealth Scientific and 
Industrial Research Organi¬ 
zation (Australia), 013 
Communication, 440, 448, 862, 
863, 867, 888, 890, 938, 940, 
948, 956, 982, 1087, 1121, 
1122, 1127, 1131 
Communism, 970, 1006, 1039, 
1049, 1112 

Community, 61, 256, 472, 930, 
938, 958 

Complementarity, 867, 871, 

877 

Composting, 812, 813, 815 
Concept, 946, 949, 1055, 1089, 
1108; of the beautiful, 1062; 
ctliical, 1106; of the good, 
1057 

Condensation, 586, 609 
Confidence: and adjustment, 
23, 24, 25; and aggressive¬ 
ness, 11 

Conflict, 1101; international, 
1006 

(Conformity, 1097, 1123 
Confucianism, 1057, 1059 
Congo Basin, 123, 337; see also 
Belgian Congo 
(Congo R., 703 

CCongress of Industrial Organi¬ 
zations, 1005 

CConifers, 183, 188, 516, 723 
(Connecticut, 471, 600, 924, 
926, 1035, 1052 

Connecticut River Valley, 404 
(Conscience, 1106, 1132 
Consciousness, 1090, 1145, 

1149 

Consi'rvation, 66, 72, 83, 100, 
407. 408, 418, 424, 427, 443, 
447, ">00, 607, 648, 690, 711, 
815, 08, 922, 925, 940, 943, 
987, 992 , 996, 1004-8, 1103, 
1125; age of, 1009; program 
of, 1035 

Conservationists, 903, 904, 

1035, 1087 

(Conservatism. 951, 954, 957 
Con.solidated-Viiltee Aircraft 
CCompany, 1017 

Constantinople (Turkey), 165, 
177, 178 

Consumption, 885, 987, 990, 
991, 994, 1001, 1006, 1025, 
1026, 1029,1030, 1031, 1085 


Contamination, 847; radioac 
five, 842, 844, 846, 1078 
(^ontincntality, law of, 657 
Continuity, social, 387 
(Contour farming, 28, 251 
Contraception, 933, 985, 1117 
Contract, 1108, 1109; law of, 
1060, 1061, 1063, 1064, 1108 
Contraction, spatial, 897 
Control, biological, 797, 799— 
800 

Conuco, 56-57. 58, 62, 693 
Conurbation, 391, 392, 395, 
439, 497 

Convection, 598, 600, 601 
“Conversion Scales,** 1156 
Copenhagen (Denmark), 217 
Copper, 187, 195, 200, 228, 
386, 443, 852, 853, 855, 858, 
859, 925, 988, 989, 993, 998, 
1012, 1023, 1025, 1026, 

1029, 1030, 1031, 1115, 

1116 

Coppicing, 200, 722, 725, 734 
Copra, 96, 100 

Coral reef, 504, 505, 506, 519 
Corchorus olitorius, 332 
“(Corded-ware-Battle-ax** peo¬ 
ple, 146 

Cordilleran Revolution, 453 
Cordova (Spain), 160 
Cordyline, 751 

Corinth (Greece), 159, 167; 

Gulf of, 186; Isthmus of, 525 
Corn, 68, 158, 358, 359, 360, 
658, 659, 865, 884, 950 
Com Belt (U.S.), 65, 67, 360, 
361, 731, 733, 743, 763, 863 
Corsica (France), 185 
Corsican pine, 755 
Cortaillod culture, 223 
Corvee, 155, 156 
Cosegiiina, Mt. (Nicaragua), 
462 

Cosmic equilibrium, 1057 
Cosmic rays, 831, 832 
Costa Mesa (Calif.), 464 
Cotton, 61, Q3, 64, 68, 170, 251, 
324, 331, 333, 353, 360, 390, 
405, 458, 459, 504, 765, 992 
Cotton Belt (U.S.), 67 
Cotton sedge, 785 
Cottonwoods, 741 
Council BluflFs (Iowa ), 434 
Council Grove (Kan.), 352 
Coventry (England), 436 
Cow; see Cattle 
Coweeta Experiment Station, 
426 

Coyote, 730, 746 


Craftsmanship, 173, 174, 176 
178, 221 

('reativity, human, 1089 
(Tcator; see God 
Crested mynah, 799 
Oe.sted wheat grass, 747 
Cretaceous period, 351, 354 
Crete (Greece), 184, 185, 186 
Crimea (U.S.S.R.), 166 
Oimean War, 1037 
Criminality, 1080, 1146 
Crocodile, 309 
Crop, 424, 731 
Crop land, 424, 731 
Crop rotation, 167, 170 
Crop yield, 644 
Crops, 764, 971, 976, 1105; and 
animals, 233—34; cash, 360 
Crowberries, 136 
Ooydon (England), 825 
Cuba, 709, 886 
Cucumber, 170, 178, 332 
Cucumis sativus, 332 
Culex fatigans-pipiens, 795 
Culion I. (Philippines), 703 
Cultigens, 791; facultative, 
782; obligate, 792 
Cultivation, 317, 332, 415, 479, 
623, 634, 643, 651, 653, 678, 
684, 695, 971; clearing for, 
262, 680 

Cailtural areas, 1125 
Cultural change, 952, 1087, 

nil 


Cultural facilities, 434 
Cultural heritage, 982, 983 
Cultural history, 738, 1133 
Cultural landscapes, 56, 1049 
Cultural minorities, 1132 
(Cultural pattern, 423, 933, 980, 

nil, 1115 

Cultural values, 481, 1052, 

1055-60, 1061-65; see also 
Values 


Culture, 50, 54, 81, 84-86,106- 


10, 116, 118, 120, 411, 421- 
23. 950. 951. 952, 954. 955, 


956, 957, 958, 
1049, 1080, 

1093, 1097, 

1103, 1106, 

nil, 1112 , 

1121, 1124, 

1127, 1132, 

1138, 1144, 


982, 983, 992, 
1087, 1090, 

1099, 1100, 

1107, 1108, 

1114, 1120, 

1125, 1126, 

1133, 1137, 

1146, 1149, 


1150, 1151; American, 423; 
cumulative aspects of, 950, 
951; dynamics of, 434, 443; 
growth of, 51; impact of, 
1107; integration of, 951; 
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non-cumulative aspects of, 
950, 951; primitive, 429; 
rural, contrast of, with urban, 
434 

Cuniculiy 168 

Cupressus macrocarpa, 755 

Cxirsus publicuSy 173 

Cutworms, 748 

Cuzco (Peru), 160 

C'yead savanna, 703 

Ctjcas^ 330; C. circinalis, 334; 

C. icadei Merrill, 703 
C\'clades Is. (Greece), 305 
Cycles, 71, 74, 1057, 1137 
Cvclogcnesis, 610 
Cypress, 170, 186 
Cyrenaica (Libya), 166, 403 
Czec-hoslo\'akia, 203 

Dafla tribe, 327 
DahU 693 

Dairi Batak people, 710 
DaJhergiUy 692 
Dale Enterprise (Va.), 547 
Dali sheep, 780, 786 
Dalles, The (Ore.), 555, 919 
Dam, 29, 517, 656, 738, 751, 
921 

DamhOy 339 

Dandelion, 237, 731, 7C4 
Dannevirkc (N.Z.),813 
Danthonia, 749, 751, 755; D. 
fiavcscc'ns, 755; D. pilosa, 
755; D. raoulii, 755 
Danube Basin, 218 
Danube R., 138, 172, 173, 174, 
195, 197, 240, 509, 534 
Danubian culture, 138, 139, 
140, 141, 143, 144, 146, 223, 
288 

Dardanelles, 188 
Dark Ages, 220, 235, 971; see 
also Middle Ages 
Darlac (Viet-Nam), 345 
Dasy^us, 326 
Date palm, 61, 334 
Dauphine (France), 194 
Davtona Beach (Fla.), 517 
DDT, 414, 825, 979 
Death control, 476 
Death rate, 390, 468, 828, 933, 
934, 936, 974, 976, 978, 979, 
980, 981, 983, 984, 1078, 
1079, 1103, 1147 
Decay, radioactive, 831, 832, 
838 

Deccan (India), 157, 158, 324 
Decision-making, 951, 954, 

955, 1122 

Deer, 749, 754, 799, 1118 


D(‘erhair sc'dge, 782 
Definition, 944—47; categorical, 
947; operational, 946, 947 
Deforestation, 74, 78, 80, 81, 
83, 84, 319, 388, 416-17, 
507, 512, 623, 634, 694, 709, 
733, 782, 896, 927. 948 
Drfrichernent, 202 
Deglaciation, 918—19 
D(‘gradation, 504, 639, 641, 
646, 730. 923; chemical, 640 
Dci^^may 167, 169 
Delaware, 394, 427 
Delaware-Chesapeake Canal, 
535, 539 

Delaware R., 391, 534, 535 
Deli (Indonesia), 430, 701, 
709 

Delta, 229, 455, 504, 509, 510, 
511, 512, 519, 530, 531 
Demesne^ 247, 266 
Dcaiiocracy, 1061, 1097, 1098 
Demographv, 970, 982, 984, 
1006, 1079, 1119 
Dengue, 825 

Denmark, 59, 121, 144, 189, 
217, 220, 225, 231, 234, 374, 
456, 477, 514, 975, 979, 1073 
Ddishirin^y 229 
Density: human, 886—89; ur¬ 
ban,' 887-88 

Dt'uudation, 639. 640, 1095 
Depletion, 744, 745 
Depopulation, 695 
Deposition, 504, 623, 630, 639, 
919 

Derbv Line (Vt.), 873 
Deseft, 60, 61, 279, 280, 287, 
289, 297, 304, 307, 310, 311, 
312, 313, 320, 325, 351, 384, 
387, 392, 402, 411, 445, 456, 
458, 459, 699, 700, 721, 741, 
1074 

Desiccation, 60, 79, 83, 315, 
318, 466 

Despotism, Oriental, 156 
Determinism, 1137; environ¬ 
mental, 86 
Detroit (Mich.), 592 
Deuterium, 1021, 1030, 1078, 
1115 

D(3\ clopmenl: economic, 978; 
industrial, 432, 1075; social, 
980; urban, 684 
Devils Lake (N.D.), 555 
Dewpoint, 574, 575 
Dhall, 332 
Dhodia tribe, 327 
Diarrhea, 808, 812, 818, 935, 
979 


Diastrophisij), 504-5 
Dibble; see D yging stick 
Diet, 405, lOT >. \ 118 
Differentiation, '^.3-55; areal, 
269, 867 

Diffusion, 862, 877 
Digging stick, 221, 2 i9, 251, 
253, 328, 334, 417, 704, 705, 
738 

Dikes, 265, 342, 512. 513, 51.5, 
516, 531; watcher, 514 
Dilemma, ecological, inv)4 
Dinka tribe, 706 
Dinar thiformCy 753 
Diomede Is., 492 
Dioric streams, 875 
Diphtheria, 432, 935, 978 
Dippdy 693, 706 
Discaria^ 751 

Disease, 346, 384, 432, 80S, 
817-30, 931, 935, 936, 938, 
966, 971, 976, 978, 979, 
1072, 1078, 1117, 1118; con¬ 
trol of, 817—30, 931; degen¬ 
erative, 1073, 1117; geog- 
rapliy of, 789; mental, 1102, 
1118; .social aspects of, 817; 
\x'ctors of, 938 

Disequilibrium, 940, 941. 1137 
Disillusioninenl, 1098, 1099 
Disorganization, 1095, 1110, 

1120 

Distribution: of ore deposits, 
857-59; spectral, 959 
Disturbaiue, ecological. 226 
Divine right, 1083, 1097 
Divorce, 237 
Dixon, 748 
Djocma, 693. 708 
Dnieper R., 204, 205 
Dock (vv'ced), 227 
Docks, 525, 534; commercial, 
522 

Dog, 77, 139, 143, 166, 170, 
f78, 225, 283, 285, 290, 297, 
298 

Dogger Rank, 501 
Dolichos hifienus, 332 
Donl(^stic aijiinals; see Animals, 
doiiK'stic 

Domestication, 56, 58, 72, 76, 
123, 134, 137, 170, 233, 283, 
285, 286, 315, 316, 317, 415, 
416,421, 766, 971 
Dominance: of inlelligenee, 

1091-96; urban, 389 
Don R., 534 
Donets R.. 370 

Donkey, 60, 166, 170, 287, 296, 
316 
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Donora (Pa.), 586, 587 
Doom palm, 6’99 
Dordof^ne (France), .199 
Dordrecht (Netlierlands), 467 
Douglas fir, 125, 204 
Douro R., 218 
Do\er, Strait of, 528 
Drainage, 83, 386, 479, 509, 
5J2, 551, 554, 572, 654, 680, 
684, 1074, 1075; artificial, 
524; density of, 627, 628, 
629, 630, 635, 637 
Drainage basin, 627, 635, 639, 
641, 643 

Drainage systems, 629, 630 
Drake well', 372, 374, 375 
Dredge, steam, 528 
Dredging, 479, 512, 513, 527 
Dresd<.^n ( Germany), 160 
Dretva, 197 

Drone, 1058, 1059, 1060, 1062 
Drosophila, 776, 795, 964, 965 
Drought, .128, 458, 460, 545, 
581, 582, 656, 657, 658, 670, 
711, 746, 748, 926, 932, 996, 
997 

Drurnlin, 235 

Dry Belt (Asia), 278-96, 466 
Dry'farming, 745, 1074 
Dry iec, 568, 608, 610, 614 
Dry Tortugas Is., 518 
Dryas period, 147 
Dubla tribe, 327 
Duck, 170, 519, 800 
Ducktown (Tcnn.), 6v30, 636 
Dumfriesshire (Scotland), 813 
Dune, 504-8, 515, 516 
“Dunkenquian risiiig,” 918 
Durango (Mexieo), 703 
Durum (wheat), 359 
Dust, 427, 459, 462, 478, 586, 
587, 589, 745, 746, 923; vol¬ 
canic, 52 

Dust storms, 353, 427, 428, 
568, 746 
Dye wood. 62 

Dynamit.s: of aggradation, 

630—34; of slope ciosion, 
623-27; N ifdous, 940 
Dynamo, 446. 1 ] 52 
Dysentery, 812, 824, 825, 827 
Dzungaria, 293 

Earthquake, 436, 459, 463, 
464, 465 

Earthworms, 785, 797 
East Africa, 96, 156, 161, 168, 
176, 180, 284, 455; see also 
Africa 

East Anglia, 174 


East China Sea, 279, 281 
East Gravettian, 135 
East Indies, 430, 547, 693; see 
also Indonesia 
East Pakistan, 327, 812 
East Prussia, 197 
Easton (Md.), 547 
Ecology, 7, 61, 93, 217, 407, 
420, 432, 447, 721, 732, 748, 
801, 906, 930, 93S-38, 939, 
941, 945. 946, 1006, 1035, 
1136; definition of, 7, 939, 
945; human, 93, 945, 946; 
social, 6; of wastes, 805-48 
Economics, 1010, 1081, 1084, 
1117 

Economy, 472, 1083, 1087, 

1099; (‘xpanding, 406, 408, 
473, 949, 1049, 1136; hy¬ 
draulic, 157; industrial, 861, 
1038; pastoral, 475; subsist¬ 
ence, 328, 329, 331, 334, 
360, 405, 406, 410-22, 423, 
863, 1109; urban, 385 
Ecosystem, 481, 747, 779, 938, 
1073, 1127 
Ecuador, 161, 495 
Eczema, 821 

Edinburgh (Scotland), 817 
Education, 108, 442, 1005, 

1006, 1035, 1048, 1061, 

1090, 1096, 1099, 1102, 

1146, 1151 

Efficiency, 1083, 1100; of cit¬ 
ies, 885-86; urban, 838 
Eggplant, 332 

Egypt, 12, 72, 79, 156, 157, 
159, 160, 166, 168, 170, 173, 
175, 179, 282, 284, 285, 304, 
307, 311, 313, 316, 317, 318, 
319, 320, 375, 383, 411, 418, 
428, 429, 435, 439, 447, 457, 
525, 530, 536, 539, 680, 681, 
784, 795, 866, 881, 920, 925, 
933, 939, 957, 1065, 1106, 
1125, 1144 
Eifel massif, 195 
Einkorn, 139’ 

El Salvador, 813 
El acts, 344 

Elbe R., 195, 196, 223, 265 
Elberfeld-Barmen (Germany), 
391 

Elburg (Netherlands), 34 
Elburz Mts., 1035 
Electricity, 375, 376, 395, 396, 
446, 612, 866, 998, 1020, 
1026, 1076, 1116 
Electromagnetics, 1054; math¬ 
ematical, 1053 


Electronics, 1096, 1142 
Elements, radioactive, 836 
Eltqdiant, 309, 317, 966 
Elephantiasis, 826 
Eleusinc, 339 
Elcusine coracana, 705 
Elm, 189, 225 

Elt/Tuus, 719; E. juncetis, 747 
Emergence: of the city, 382- 
84; doctrine of, 1143-44 
Eminer, 139, 233 
EncTgv, 407, 409, 443, 447, 
48 j ; 574, 575, 831, 838, 866, 
867, 875, 929, 940, 950, 
JOlO, 1011, 1012, 1014, 

1015, 1018, 1019, 1021, 

1023, 1025, 1029, 1030, 

1031, 1071, 1072, 1074, 

1076, 1077, 1078, 1085, 

1086, 1089, 1095, 1115, 

1146 

Enfield Chase (England), 191 
England, 9, 37, 39, 64, 76, 87, 
115, 141, 142, 145, 174, 190, 
191, 200, 201, 202, 217, 218, 
266, 304, 367, 368, 369, 371, 
374, 376, 383, 392. 394, 396, 
397, 404, 416, 419, 439, 440, 
441, 442, 477, 502, 514, 522, 
528, 590, 684, 706, 723, 799, 
807, 808, 809, 813, 818, 819, 
821, 824, 825, 858, 866, 881, 
886 , 887, 897, 900, 918, 936, 
937, 945, 955, 976, 979, 
1006, 1035, 1037, 1080, 

1090, 1099, 1116, 1117, 

1127; see also Great Britain 
English Channel, 142, 497, 
1035 

English Midlands, 440 
English Place-Name Society, 
191 

English sparrow, 800 
Enlightenment, 353, 1097, 

1098, 1128 

Ennedi highlands, 306 
Enteritis, 979 
Entropy, 447, 448, 735 
Environment, 86-87, 134, 423, 
471, 481, 824, 898, 1093, 
1122, 1123, 1124, 1138; arti¬ 
ficial, 941; changes in, 722— 
23; organic, 945; physical, 
476, 637, 821, 1039, 1110; 
social, 820 
Eolithic Age, 115 
Ephesus, 159, 385, 466 
Epidaurus (Greece), 897 
Epidemic, 468, 808, 956, 971 
Epidemiology, 432, 938 
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Equality, 1060, 1099 
Equatorial Plateau, 313 
Equilibrium, 61, 439, 447, 473, 
631, 938, 940, 941, 1093, 
1114, 1122, 1126, 1136, 

1137, 1138; unstable, 408-9, 
698, 1113-28 

Eragrostis curvula, 747; E. 
cnloromelas, 747; E. lehman- 
niaruiy 749 
Erdo, 197 
Erech, 510 

Eretria (Greece), 525 

Ergasterion, 167, 178 

Erica tetralix, 782 

Ericaceous plants, 782 

Eridu, 510 

Erie, Lake, 538 

Erie Canal, 65, 867, 871, 875 

Eriophorum, 785 

Eritrea, 312 

Erka, 693 

Ermeland (Germany), 267 
Erodium, 750 

Erosion, 339, 402, 417, 455, 
475, 476, 478, 510, 515, 516, 
518, 621, 625, 628, 630, 634, 
635, 636, 637, 639, 640, 644, 
645, 646, 649, 651, 678, 695, 
700, 705, 709, 744, 745, 919, 
995, 1102; accelerated, 623, 
628, 629, 645; definition of, 
621; geologic norm of, 623, 
917; proportionality factor 
of, 625, 628, 630 
Ertebdlle site, 141 
Erzgebirge (Ore Mountains), 
196, 197 

Esdraelon Valley (Israel), 907, 
908 

Eskimo, 53, 434, 494, 778, 786, 
1102 

Espiritu Santo (Brazil), 418 
Essarter, 194 

Ethic, 407, 481, 1002, 1005, 
1007, 1008, 1009, 1060, 

1063, 1064, 1065, 1089, 

1102, 1108, 1146; social, 

1059, 1061 

Ethiopia, 313, 316, 317; see 
also Abyssinia 
Etna, Mt., 461. 462, 463 
Etruria, 168, 171, 185 
Etruscans, 166, 388 
Euboea (Greece), 167 
Eucalyptus, 750, 793, 860 
Eugenics Society (England), 
1080 

Eu-IIominians, 104 
Eimostus Harbor, 526 


Euphrates R., 138, 172, 299, 
373, 507, 509, 510, 530, 680 
Eurasia, 105, 106, 136, 281, 
295, 297, 309, 311, 324, 418, 
535, 722, 731; see also Asia; 
Europe 

Europe, 12, 35, 38, 39, 40, 52, 
53, 59, 61, 62, 63, 64, 65, 68, 
76, 78, 79, 81, 83, 85, 94, 
105, 115, 118, 119, 121, 136, 
138, 140, 144, 145, 153, 156, 
157, 158, 159, 160, 161, 165, 
176, 177, 180, 183-277, 278, 
279, 281, 282, 285, 287, 288, 
293, 297, 299, 312, 314, 318, 
324, 325, 351, 357, 361, 385, 
388, 411, 412, 415, 416, 417, 
418, 419, 422, 424, 436, 437, 
476, 477, 491, 492, 497, 505, 
507, 509, 511, 512, 534, 537, 
538, 546, 547, 588, 616, 648, 
680, 685, 696, 723, 728, 731, 
763, 772, 773, 782, 785, 790, 
793, 797, 799, 818, 821, 824, 
857, 862, 864, 865, 871, 877, 
881, 883, 886, 918, 927, 949, 
956, 958, 972, 973, 974, 975, 
977, 978, 987, 1035, 1036, 
1037, 1039, 1049, 1050, 

1079, 1085, 1097, 1099, 

1103, 1104, 1106, 1115, 

1116, 1119, 1126 
European larch, 755 
European Management Con¬ 
ference, 41 

European overseas coloniza¬ 
tion, 62—64, 886 
European tree sparrow, 799 
Evaporation, 547, 569, 574, 
575, 577, 927 

Evapotranspiration, 279, 426, 
545, 554, 573, 574, 575, 601, 
918, 921, 1044; actual, 575; 
potential, 575, 576 
Evapotranspirometer, 425, 574 
Everest, Mt., 407 
Everglades National Park 
(Fla.), 413, 703 

Evidence; archeological, 115— 
24, 227, 228; botanical, 124- 
29 

Evolution, 106, 108, 109, 110, 
112, 414, 421, 446, 467-69, 
729, 766, 773, 801, 845, 
1084, 1095. 1105, 1114, 

1124, 1125, 1136, 1144, 

1145; biological, 445 
Excavation, archeological, 354 
Exotics, 730, 731, 738, 739, 
741, 746, 747, 749, 751, 755 
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Expansion, 897, 992; industrial, 
990; modern f(irces of, 389- 
91 

Experiment, 963, 1053; biologi¬ 
cal, 964 

Extremadura (Spain), 61 
Fabrica, 178 

Factory, 17, 391, 394, 441, 495, 
882, 883, 940, 1037 
Fagopyrum (buckwheat), 285 
Faith, 1007, 1150 
Faiyum (Egypt), 138, 307, 
309, 314, 920 

Fall-out, radioactive, 353. 839, 
840, 842, 844, 845 
Fallow, 228, 250, 251, 2v52,253, 
255, 338, 339, 341, 344, 345, 
704, 705, 707, 709, 733 
Family, 246, 1059, 1060, 1083; 
limitation techniques of, 
932-33; values of, 1064 
Famine, 468, 818, 825, 931, 
932, 933, 936, 956, 971, 976. 
1079 

Fans, alluvial, 622, 623, 636, 
639, 663, 685 
Fao (Iraq), 510 
Far East, 12, 709, 926, 956. 

975; see also Orient 
Farinha, 341 
Farm, 996, 999, 1038 
Farming, 58, 70, 396, 507; see 
also Agriculture 
Fars (Iran), 25, 373 
Fault, 463, 466, 504 
Fear. 11, 21, 22, 23, 819 
Fen, 174, 512, 514, 824, 918 
Fen-type Reclamation, 514—15 
Fence, 727, 744, 747 
Fennel, 763 

Fertile Crescent, 136, 137, 138, 
281, 296. 389 

Fertility, 329, 662, 663, 664, 
666 , 684, 932, 936, 1072, 
1073, 1118; human, 1005, 
1006 

Fertility capital, 443 
Fertility cult, 222 
Fertility rite, 237 
Fertilization, 580, 581, 702, 
704, 706, 747 

Fertilizer, 67, 98, 253, 413, 
659, 663, 670, 705, 706, 810, 
811, 864, 883, 884, 991, 
1018, 1028 
Fes (Morocco), 464 
Fescue. 749, 751 
Festuca, 749, 755; F. idahoen- 
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sis, (->88: F. novae zehinduir, 
75 L 755; F. rubra, 755 
Fondahsm, 179, 297, 1059 
Fibrr, 362, 1013, 1015 
Ficksharg (South Afririi), SI 3 
Ficus, 308; F. hcnjauiinu. 711; 

F. religiosa, 71 1 
Fig, 61, 170: s.wrrcl, 71 I 
Fiji L, 693, 705 
Filariasis, 824, 825 
Finder rnillejf, 705 
Finland, 41, 208, 223, 857, 975 
Finno-Ugriaii prfipF, 200, 208 
Finns, 207, 208, 2J0 
Fir, 184, 185, 200, 204, 722 
Fire, 54 50, 83, 87, 115-28, 
130, 140, 189, 229, 283, 310, 
328, 340, 350, 351, 371, 380, 
401, 411-14, 427, 428, 430, 
404, 474, 078, 079, 092-712, 
723, 721, 725, 727, 731, 738, 
747, 753, 750, 773, 779, 780, 
780, 923, 939, 949, 1105; 
archeological evidence of, 
117, 123; Greek, 178; light¬ 
ning-induced, 350, 412, 949 
First Danubian culture, 224 
Fish, 309, 388, 518, 798, 800, 
1073 

Fisli “farms,” 921 
Fishing, 72, 489, 517-18, 919, 
920 

Fishponds, 921 

Fission, nuclear, 832-38, 839, 
840, 842, 1011, 1021, 1047, 
1077, 1078 

Flaming (Gcrnianv), 190 
Flanders, 32, 195, 253, 205, 
872 

Flax, 139, 170, 208, 231 
Fle\ o, Lake, 400 
Flint, 1S9, 423 

Flood, 77, 342, 420, 450, 400- 
01, 479, 510, 531, 532, 545, 
554, 032, 045, 046, 711, 733, 
746, 751, 922, 920, 932, 933, 
990, 997, 1047 

Flood control, 153, 175, 420, 
400, 480, 533, 046 
Flood hydrograph, 922 
Flood plain, 479, 509, 531, 622, 
645, 640, 095, 922 
Florida, 6, 125, 402, 412, 413, 
462, 491, 507, 508, 517, 518, 
519, 533, 535, 709, 808, 873, 
918, 920 

Florida Geologic al Sur\’ey, 504 
Flour beetle. 770 
Fluorspar, 989 


Man’s l\o]e in Chmigmg the Face of the Earth 

VOJ.. 590, 591, 592. 595, 596. Frankfurt^^ (CaTmany), 160, 


m, 610 

Folklore. 222. 261, 224, 26s. 

442, 81S 
Folsom man, 351 
Fond, 991, 1116, 1118, 1120, 
] 124; gathering of, 328, 415, 
434; prodnetion of, 134—o2, 
420, 829: supply of, 930, 942 
Food and Agriculture Organi¬ 
zation ( UN ), 077, 680, 1118 
K(K>d t'hain, 840, 841 
Food “factories,” 907 
Forage, 253, 255, 841, 806 
Feubs, 744, 753 
Forest, 50, 04, 72, 78, 120, 200, 
225, 220, 241. 252, 255, 250, 
279^ 283, 280, 287, 288, 293, 
330, 338, 341. 357, 358, 368, 
384, 390, 402, 403, 404, 412, 
413, 410, 417, 421, 424. 427, 
432, 477, 479, 510, 515, 510, 
508, 585, 677, 078, 079, 080, 
081, 081, 085, 091, 098, 699, 
707, 70S, 710, 72L 722, 723, 
724, 725-28, 754, 890, 927, 
939, 989. 990, 1042, 1044, 
1057, 1001, 1110; conifer¬ 
ous, 207-10, 279, 603; deeid- 
uou.s, 003, 721,720, 731, 733, 
734, 737; fallow, 093, 704, 
705. 708; mixc'd, 205-7; na¬ 
tional. 901; nothofagus, 754; 
sacred, 3-10, 407, 711 
Forest County (Pa.), 370 
Forest Department (India), 
329 

Forest products, 207, 868 
Forest reserve, 701, 708 
Forest Service (U.S.), 426 
Forestry, 84, 424-27, 690, 709, 
711-12, 860, 938, 1110 
Form, 1139, 1145 
Formosa, 325, 692, 701, 711, 
979 

I'ormulas, cbemicral, 178 
Fort Rilev (Kan.), 352 
Fort Smith (Ark.); 594 
Fossil fuel; see Fued, fossil 
Fragrance, 1055, 1050, 1058 
France, 14, 16, 17, 18, 27, 32, 
36, 38, 83, 123, 135, 141, 
142, 145, 187, 194, 198, 200, 
201 , 203, 204, 205, 218, 223, 
229, 231, 304, 308, 369, 370, 
372, 373, 374, 417, 418, 477, 
497, 790, 809, 818, 804, 873, 
880, 975, 977. 978, 1018, 
1079, 1098, 1117 
Franconia (Germany). 247 


hroedom, 952, 990, 1005, 1006. 
1082, 1083, 1084, 1097. 

1098, 1099, 1100, 1101. 

1 102, 1124 

French Equatorial Afric a, 11 9 
Fn'nch Revolution, 240, 242 
French West Africa, 7 
Frcncli West Indies. 62, 416 
Frisian Is., 460, 514 
Frost, 280, 572 
Fronde number, 629, 964 
Fuel 388, 722, 860, 929, 1077, 
1115, 1116; fossil, 367, 368, 
376, 380, 434, 472, 649, 
1010, 1012, 1013, 1030, 

1070, 1094; mineral, 998; 
nuclear, 589 
Fnlani people, 700, 707 
Fumes, 587, 030 
Fur, 207, 494, 721, 723, 754 
iMiture, 1089-94, 1096, 1104, 

1100, 1110, nil, 1124, 
1133, 1141, 1142, 1143, 

1150, 1151 

Gada})a tribe, 327 
Gainesville (Fla.), 504 
(kilapagos Ts. (Ecuador), 491 
G.alc (lavs, 222 
C;ahcia '(Poland), 229, 370 
Gallery forest, 280 
Galleta grass, 739 
Calve.ston (Tc.x,), 458 
(lanihusia, 800 
Gam(; lurds, 800 
Ckime pri^scrves, 908 
Ciamit tribe, 327 
(dan R., 294 
Ganado viaifor, 03 
Ganges K., 108, 507, 509, 530, 
531, 1065 

Gangctic Plain, 325, 328, 330 
“Cap phase” eoncept, 729 
Garhage-di.sposal plants, 394 
Card (France), 32 
Garden, 384, 705 
Garden city, 390, 442 
(Tardcn City (N.Y.), 414 
CTardcMi of Eden, 307, 408, 421 
Garden escapes, 764 
Garo tribe, 327 
Garriguc, 188, 738 
Gas, 360, 301, 302, 308, 373, 
1012; radioac:tivc, 589 
Gasoline, 1014, 1025 
Gaul, 168, 169, 170, 173, 174, 
176, 190, 416 
Gayoland (Sumatra), 704 
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r.erse, no 

Gcrsi, H)6, 265 

r.rnc, )OH, 451, 729, H45, 946, 
947, 1072 

General Electric C()inpany, 
1076 

General Electric Researcli Lab¬ 
oratory, 612 

(ienc'tics, 468, 946, 947, 964 
Cien(^\ a ( Swit/.erland), 818, 

1086 

Genoa (Italy), 185, 187, 371 
C^eojj;raphy, 621, 875, 915, 

1035, 1038; Iniman, 346; 
pn'lnstoric, 217 
Ceoloi»;ical Survey (U.S.), 684, 
1075 

Geolof^ieal Surety of India, 
1027 

Gt'ological Survey of Ireland, 
005 

Geology, 544, 568, 643, 852, 
851, 857 

Geometry, 156, 1055, 1062, 
1063 ' 

Gt ■omoTpb<\t:5eny , 465-67 
CetanorpliologN', 61, 621 
Georgia ( U.SO, 64, 81, 938 
Gt'otechnic.’S, 906, 907 
Cierni cell, 965 
(ierm warfare, 790 
CGerman Democratic Republic, 
267 

Gt'rinan Federal Republic, 886 
Germania Hoinana, 263 
C;ermanium, 852, 1030, 1031 
Germantown (Pa.), 393 
Germany, 58, 59, 134, 135, 136, 
139, 141, 144, 145, 146, 172, 
176, 179, 195, 196, 197, 198, 
200, 203, 204, 207, 234, 240- 
78, 281, 288, 390, 397, 416, 
419, 420, 516, 590, 593, 595, 
807, 808, 809, 856, 886, 933, 
979, 1037 
Gczer (site), 385 
Cubraltar, 305, 320, 456, 527, 
554 

Gila R., 553 
Gilbert Is., 491 
Cunger, 62, 330 
Giraffe, 317, 703 
Giro, 167 

Gi\"-7rt Olga (Israel), 900 
Glaciation, 52, 119, 286, 281, 
351, 455, 465, 477, 501, 547, 
554, 567, 919 
Glacier Park (Mont.), 547 
Glasgow (Scotland), 902 
Goa, 405 


(;oat. 60. 80, 84, 137, 166, 170, 
185, 188, 233. 285, 286, 289, 
297, 415, 416, 475. 680, 696, 
697, 723, 738, 746, 754, 779, 
780, 798, 927 

God, 20, 74, 76, 99, 406, 421, 
526, 903 

Gaiteborg (Sweden). 535 
Ciottingeii (Germany), 134 
Gogf), 701 

Goklial Inslitiitt', 932 
Gold, 166. 369, 417, 193, 852, 
859. 860. 027. 928. 1025 
“(a>lden Age.” lOS. 917, 1030, 
1126 

Golden plov t-r, 414 
Gonaives (Haiti), 721 
(:ond tribe, .327, . >28, 329, 334 
(amdid race, 284 
( amdvv ana, .324 
Goodntvss, 1081, 1097 
( Jojibt'r, 78.5 
(Gorilla, 105 
Gorki (U.S.S.K.), 1049 
Gnrst', 229, 237, 755 
('.(•ssyphim arhorrutn, 3.32 
Ciotlaiid (Sweden), 290 
(.'overnment Land Survey 
(G.S.), 726 
C/.raham 1., 462 

Grain, 166, 170, 251, 260, 26’./, 
265, 266, 285, 383, 389, 525, 
681, 705, 7 . 33 , 746, 883 
Grama grass, 730, 731, 739, 
744, 745 

Cirand Canal (China), .531, 532, 
533 

Grand Trunk Railroad, 872 
Granite, 1029. 1086, 1150 
Grass, 63, 404, 413, 425, 454, 
516, 680, 688, 693, 699, 701, 

729, 739, 741, 746, 748, 763, 
770, 1046 

Grasshopper, 745, 748 
Grassiiiglon (England), 227 
Grassland, 55, 56^ 65, 120, 283, 
309, .350-62, 412, 414, 416, 
427-29, 430, 475, 477-78, 
510, 569, 677, 679, 692, 694, 

69.5, 696, 697, 698, 699, 700, 
701, 702, 703, 704, 706, 707, 

730, 731, 733, 737-56, 751- 

5.5, 763, 779. 883, 939, 949, 
1042, 1074, 1110 

Grave.s, 12, 15 
Grav ity, 514, 624, 629 
C;raziers, 748, 749 
Grazing, 73, 78. 79, 84, 137, 
146,^190, 229, 231, 266, 396, 
578, 643, 677, 678, 680, 685, 


692, 691. ()96. 699, 700.701, 
702, 70o, 725, 730, 731,734, 
738, 742-50. 753, 754, 755, 
756, 779-82. 7V)8, 866, 917, 
923, 996 

Cheat Basin, 94, 351 
C;reat Britain, 165, 171, 172, 
173, 17.5, 176, 177, 179, 190, 
204, 217, 220, 223, 225, 229, 
233, 236, 359, 4f)8, 476, 477, 
497, 527, 529, 648, 781, 793, 
807, 818, 821, 821, 858, 866, 
868. 882, 88 . 3 , 884, 886, 889, 
890, 936, 955. 1083; icc aho 
British Isles; England 
Cht'at Lakes, 56, 65, 66, 419, 
517, 527, 5.3S, 547, 555, 642, 
798, 868, 875 

Gr<‘at Guse (England;, 514 
Cheat Plains (U.S.), 352, 353, 
35-1, 412, 427, 428, 568, 569, 
737, 738, 741. 7^46, 749, 750, 
751, 7.53, 756, 769, 782, 1074 
Ch't>at South Bay (N.Y.), 519 
Cht'Ut \7dley (CJalif.), 748, 763, 
766, 775 

Great W'all (CJliina), 31, 293 
Cht'co Roman civilization, 6], 
165 

Chcccc, 81, 153, 156, 159, 160, 
165, 166, 167, 168, 169, 170, 
171, 177, 18.5, 188, 297, 384, 
386, 403, 432, 683, 684, 689, 
818, 928, 1062, 1106, 112.5, 
1126 

Checks, 16.5, 176, 522, 10.53, 
1060, 1062, 1063 
Green bt'lt, 442 
Green County (Wis.), 726 
Greenland, 324, 456, 496, 918, 
922,923 

Gregarioustiess, 434, 435, 441 
Groins, 507, 508, 513, 514, 515 
Chound stpiirrels, 748, 784 
Ground vv'ater, 83, 426, 544, 

548, 5.53, 555, 556, 557, 573, 
813, 921, 924, 92.5, 1074, 
1075; mining of. 548, 549, 
556, 921 

Chound-water reservoirs, 426, 

549, 556 

Groundnut, 331, 833, 344; see 
also Peanut 
Grouse, 1118 

GIrov’e: of Cedrus libani, 682; 

sacred, 710, 711 
Growtli: economic, 990; limit 
of, 987, 990, 992, 994; urban. 
390 
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Guiichilcunul (Solomon Is. 
122 

Guadalcanal (Spain), LS7 
Gunma R., 340 
Guanajuato (Mexico), 20 
Guano, 64, 411, 518 
Guatemala, 99, 443, 083, 992, 
093, 095 

Giinz phase, 314, 315 
Guernsey (cattle), 218 
Gujarat (India), 157. 324 
Gulf Coast (U.S.), 700 
Gulh'. 478, 03^0, 030, 039, 042, 
044 

Cullving, 477, 023, 035, 744, 
785 

Gypsum, 307, 351, 514, 1023 

Haarlem (Holland), 84 
Habit, 1141, 1144 
Habitat, 93, 97, 99, 407, 408, 
773, 781, 788, 1090 
Haddock, 490, 497 
Hadramaiit (Aden ridlceto- 
ralc), 42, 30G 
IIa[f - K iisf cn-Kill fur, 1 4 5 
Haifa (Israel), 890 
Hainault (Bcl^itim), 195 
Haiti, 092, 698, 721 
Halcakala Mt., 012 
Halibut, 495-96 
Halifax (Canada), 525, 872 
Halle (Germany), 278 
Hallstatt culture, 228 
Ilamburu; (Germany)» 1-30, 

436, 527, 808 
llarnitie trilx\s, 707 
Ilammadas, 00 
Hampstead (England), 393 
Man dynasty, 159, 290, 416 
Handicrafts, 203, 808 
Hangchow (China), 531, 532, 
881 

IIanuo\'cr (Germany), 248, 
208 

Hanseatic I.eaguc, 100, 206 
Harappa ci\ilization, 291 
Harbor, 384, 507, 522, 525-30, 
539; types of, 523-24; ,vce 
also Port 

Harbor works, 526 
Hardwood, 723, 996 
Harmony, 406, 421, 1058, 1062 
Harney Basin (Ore.), 406 
Harpoon, 491, 493, 494 
Harz Mts., 195 
Hauran (Syria), 317 
Hausa people, 337 
Haute-Garonne (France), 18 
Hautes-Alpes, 77 


, IJiivanu (Cuba), 525 

llinvaii, .93, 94, 16], 463, 611 

612, 614, 639, 788, 793, 796. 

799, 800, 92 1 
Hazel, 189, 22.5. 227, 230 
IJaz<4nut, 724, 728 
Health. 817, 818, 980, I 120 
He ath, 144. 140, 196, 204,228, 
245, 252, 259. 204 
Heather, 220, 227, 228, 085 
Heating, central, 368, .388 
J Ic*a\y y ater; see Water, Iieavy 
Jfeliantfnis, 700, 769 
Helium, 1021, 1113 
Helvetia, 418 
Hemlock, 419. 724 
llt-mp, 208, .331, 332, 773 
Hemj)stead Plains (N.Y. ),413, 
414 

1 leppner ( Ore.), 460 
Herald I.. 492 
lltTcailancMim, 401 
llc'rcn nian uplands, 190, 218 
Hc'rcdity. 108, 1103 
T1er«'l’nrd (cattle). 740 
llcrmoii. .Mt. (.S\ria), 316, .317 
lTer/(‘go\ ina (Yugoslavi.a), 1.S7 
ll(\sba\e ( Ih'lginiii), III 
Hesse ( (H-rmanv), 248 
Hc'tYY/. 344, l()l'2 
High Plains (U.S.), 350, 3.58, 
•1.59, 741 

Highw.iv, 376, .392, 393, 866, 
873 

llihnia, 7-39 
Hill Reddi tribe, .327 
Himachal Prade.sh (India), .327 
Himalaya Mts., 125, 281, 324, 
32.5, 10.55 

Hindu Kush Mts., 1035 
Hinduism, 320, 327, 328, .329, 
097, 934, 10.55, 1057, 1058, 
10.59, 1060, 1108 
Hippopotamus, .309 
Hiro.shima, 430, 844, 815 
History, 508, 919, 10.38, 1084, 
1087, 109.5, 1098, 1102, 

110.3, 1127. 11.3.3, 11,38, 

1142, 114.3, '114.5, 1147, 

1149; geological, 943 
Hit (Iraq), 509 
Hithes, .522, 52.5, 529 
Ho tribe, 329, 334 
lloha, 255, 256 
llochkultiir, 285, 297 
Hcje, 56, 140, 222, 249. 250, 
251, 2.52, 2.53, 328, 417, 704, 
705, 706, 738, 957 
Ilofgeismar (Germany), 198 
Hog, 02. 63, 358, 680 


Jloi^p^iir, S06, 308 
llohokiiin culture, 926 
lloh'ucs hnuitus, 755 
Holland; sec Netherlands, The 
Holm oak, 184 
Holstein (cattle), 196 
Homeostasis, 941, 1136 
Honiestake Mining Compauw 
860 

ITouiinizatiou, 104, 106, 109, 

no 

Homo sapiens, 104, 106, 117, 
445, 494, 763, 031, 940, 
1093, 1124, 1125 
Homo saJoensis, 10.5 
Honduras, 614 
Honey, 206, .329, 794 
Hoiifleur (Franee), .530 
Honolulu (Hawaii), 93, 46.5, 
639 

Hc)o\'er Dam, .542, 646, 923; 

.sY'c also Bcmldcr Dam 
Hopeh (China), 24, 1.57, 1.58 
Hopi Indians, 60, 783, 955, 

noo, ni2 

Hops, 261, 368 
llordcum miirinum, 7-10 
Horse, 63, 1.35, M.5, 166, .170, 
178, 250, 291, 292-96, 375, 
475, 680, 7.38, 741-43, 750, 
780, 798, 866, 883, 1127 
Horse mackerel, 488 
Horticulture, 691, 695, 708, 
792; primitix’C, 606 
Horton iiumljcr, 627, 629, 6.10 
llospites, 194, 195 
House sparrow, 799 
Houston (Tex.), 528, 925 
If ova; see lloha 
llo\ a people, 711 
Hsienpi (China), 294-95 
Hsiung-nu tribe, 293, 294-95 
Hud.son’s Bay Company, 721 
Humanities, 946, 1089, 1105, 
1139 

Mnniid tropic.-s, 336, 430-31 
Humidity, 279, 282, 573, 574, 
601 

Hunan (China), 23 
Hundrc’d Years' War, 198 
Hungarian partridge, 799 
Hungarian smooth brome, 747 
Hungary, 138, 203, 279, 281, 
282, 435, 436, 731 
Hunger, 971, 976, 1094 
Hunting, 119, 135,144,178 
40.5, 410, 415, 778, 920 
Iluoha; see Hoha 
Huron, Lake, 538 
Hurricane, 458, 459, 568, 615 
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Husbandly, 59, 955; see also 
Aj;ricubure 
IIussit(3 Wars, 198 
Hwai K., 290, 531, 532 
Hwajornmin, 122 
llwajon, 122 

Hwang Ho, 85, 389, 416, 460, 
467, 509, 531, 532 
Hybrid vigor, 1124, 1132-33, 
1152 

Hybridization, 327, 414, 747, 
770, 771, 772, 773, 775, 
1112, 1124 

Hyderabad (India), 324, 327, 
704, 706 

Hydraulic societies, 429; see 
also Irrigation 

Hydroelectric power, 29, 361, 
614, 646, 998, 1050, 1075 
Hydrogen, 651, 653, 832, 1020, 
1026, 1113, 1115 
Hydrogen bomb, 1105, 1115, 
1143 

Hydrologic cycle, 478, 544-45, 
"548, 556, 557, 558 
Hygiene, 390, 825, 937 
Ilypcricwn perforatum^ 750 
Ilypliaenc\ 699 
llypochacris radicata, 755 
Hythe (England), 522 
Hythc West (England), 522 

Iberian Peninsula, 145, 166, 
305, 312 
Ibo peo 2 :)le, 337 
Icc, iluctiiations in, 456 
Ice Age, 51, 52, 135, 278-83, 
310, 314, 325, 453, 456; cli¬ 
mate of, 278—83; culmination 
of, 281; and vegetation in 
Eurasia, 279; see also Pleis- 
toceme period 
Ice caj^s, 454 

Ice crystal, 608, 609, 610, 611, 
616 

Icc nuclei, 609 

Iceland, 456, 494, 496, 497 

Ichali, 693 

Ichii (stipa grass), 63 
Icy Cape, 492 

Idaho, 361, 426, 555, 685, 686- 
87 

Idaho fescue, 688 
IgarapS, 341 
Igneous rocks, 852, 1029 
lie de France, 194, 207 
Illinois, 126, 127. 369, 743, 751, 
884, 922, 1036 
Illinois R., 538 
Illusion, statistical, 1142 


1 mcrina { Madagascar ), 711 
Immunity, 820, 1072, 1073 
Imperata, 701, 702, 703, 708 
Imperial Irrigation District 
(Calif.). 551 

Imperial Valley (Calif.), 551, 
923 

Imperium Romaniwi, 180 
Improvement; agricultural, 20J, 
447; of rivers, 533; of tools, 
704-5 

Inca, 31, 159, 161, 429, 766 
Inclosnrc, 229, 268, 446 
Index fossil, 851, 9 13 
India, 19, 21, 58, 83, 121, 126, 
154, 156, 157, 158, 159, 160, 
165, 166, 167, 168, 169, 170, 
172, 177, 180, 201, 220, 279, 
284, 285, 286, 290, 291, 296, 
297, 305, 324-35, 337, 338, 
340, 341, 359, 370, 371, 384, 
390, 402, 405, 406, 435, 441, 
455, 463, 692, 693, 697, 698, 
701, 706, 708, 710, 812, 813, 
827, 881, 925, 93 J, 932, 933, 
934, 937, 954, 956, 974, 975, 
980, 993, 996, 1023, 1027, 
1028, 1030, 1054, 1065, 

1085, 1103, 1108, 1114, 

1115, 1118 
Indian grass, 730 
Indian Oc:ean, 305, 306, 324, 
462, 535, 790 

Indian Planning Commission, 
1027 

Indian Republic, 1119; sec also 
India 

Indian rice grass, 685, 688 
Indian Service (U.S.), 783 
Indiana. 126, 127, 460 
Indians (American), 63, 64, 
118, 119, 120, 121, 124, 129, 
352, 354, 355, 359, 362, 369, 
370, 413, 419, 421, 424, 428, 
443, 679, 695, 732, 742, 743, 
749, 778, 790, 801, 919, 949, 
951, 952-54, 957, 1107, 1152 
Indigo, 63, 333 
Indigofera tinctoria, 333 
Individual, 421, 930, 1103, 

1137, 1138 

Individuality, 1103, 1151, 1152 
Indo-Europeans, 291 
Indo-Gangetic Plain, 324, 325, 
326 

Indochina, 16, 122, 123, 325, 
336, 345, 412, 693, 704 
Indole, 669, 670 
Indonesia, 105, 278, 297, 343, 
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710, 711, 1057; sec also East 
Indies 

Indus civilization, 326 
Indus R., 168, 326, 389, 680 
Industrial agc\ 690 
Industrial Belt (U.S.), 868, 
875, 877 

Industrial civilization, 95, 99, 
443. 508, 851, 855, 861, 992, 
1007, 1028, 1114, 1115; see 
also Technological civiliza¬ 
tion 

Industrial revolution, 65, 76, 
162, 404, 405, 436-46, 508, 
863, 881. 886, 958, 976, 978, 
980, 983, 993, 1035, 1036, 
1037, 1038, 1099, 1120, 

1123, 1133; see also Techno¬ 
logical revolution 
Industrialization, 68, 242, 360, 
438, 439, 443, 447, 476, 883, 
SS4, 886, 890, 934, 979, 982, 
1023, 1030, 1049, 1079; 

spread of, 1026-29 
Industry, 389, 390, 396, 442, 
773, 863, 883, 975, 991, 996, 
999, 1000, 1029, 1118, 1119; 
chemical, 1031 

Infection, 820, 821, 823; fun¬ 
gus, 824; septic, 936 
Infield, 229-31, 252 
Infiltration capacity, 545, 626, 
630, 632, 633, 635 
Influence, environmental, 73— 
74 

Influenza, 975 

Inheritance, 1061; organic, 
1141 

Inland men, 506-7 
Inland navigation, 531 
Inland waterways, 531, 875 
Innovations, 446, 1087 
Innslmick (Austria), 77 
Inoculation, 1072, 1073 
Inquilines, 795, 797, 798 
Insect vectors, 825, 936 
Insecticides, 825, 883, 884 
Insects, 414, 744, 748, 751, 
794-97, 844, 937, 1116 
Insolation, 462, 927 
Institute of Food Technology 
(India), 1085 

Institutions, economic, 1090 
Instituto Agronomico do Nor¬ 
te, 341 

Intelligence, 1071, 1088, 1089, 
1092, 1093, 1094, 1095, 

1102, 1145 

Interaction. 866, 867, 871, 877; 
spatial, 862 
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1I01 •'*91 -^<1,'3 ^ 1, ]iKing ti ibc*, o2i 

42:3,4-), .in.i..ntr^u^ 2 . 4-95 

S 919; 4S(),475,47(i,4SiK509,5l0, ^ 

Vh istoccnc 511, 317, 530, 531, 533, 543, Judro- trudit 

531, 553, 572, 573, 576, 57S, Jtnna, 09.3, / 08 
ixn tincnt of 5S0, 581, 582, 615, 640, 646, Jiini^h', 430, 701, 1102 
680, 682, 684, 695, 738, 741, funiata Ji., 875 
, 372, 375, 744, 745, 751, 811, 821, 824, Jura Mts., 229 

924, 926, 931, 102S, 1044 fiirassic' pcriotl, 1047 
iiVal Coil- Irtvsli R., 292, 1047 jute, 331, .3.32. SSS, 34. 


Jntercoioniiinication, 112 
1122, 1135 

Intvrglacial stiii^os, 919; st’6 
aho Jee Ajf^o; Phistoceno 
period 

Interuul Affairs, Department of 
(S.Z.), 754 

Internal combust ion, 372, 375, 
376, 446 

International C^colonical Con- 
"r(‘ss, 411 

International Health Board, 
826 

International Xiekel ("oinpany 
of Canada, 8.57 

Intt'rnalional \\']i.tling Coni- 
niission, 495 

Interstate Commerct^ Coniinis- 
sion (U.S.), .362 
Invasion, 291, 29.3, 730, 746— 
4S, 7.50; of cattle, 743—46 
Invention, 1036, 10.37, 1 10.5, 
11.10, 11.52 
In\-ersion, 587, .588 
lnv('rl('brates. 471, 794—97 
Iodine, .839, 8-40, 921, lOlO 
Lma. 126. 407, 477, 867, 868, 
87.5, 9.52, 934; Stale Uiiiver- 
sitv- of, 953 


jiiang tribe, 327 
juelit'n tribe, 294-9.5 
Jndaisjn, 444 

fudt'o-(4iristiaii tradition, 472 
Junid, 69.3, 708 


1 sat is tinrtorifi, 765 
Isfahan f Iran). 8.3 
Islam, 19, 16.5, 179. 420. 1106, 
I 14.3 

Isle Dernierc fLa.), 4.58 
Isoslasv, 918, 919 
Israel, 4, 8, 17.5, 40-3, 439, 7S0, 
89(4-97, .900, 907, 908, 1112, 
1124 

Israel Institiit(‘ of Teclinologv', 
896 

“I Thou’’ to an “I-Tt ” relation¬ 
ship, ehang(' of. 11-20 
Italian rvegrass, 749 
Italv. 34, .37, 40, 42, 78. 81. 83. 
Jb.5, 122. 1.59, 16.5. 167, 168, 
169, 170. 171, 17.5, 178, 179. 
18.5, 186. 2.53, .371, 40.3, 404, 
•136, 477, 509, 533, 873 


[nrassie pcriotl, 1047 
Inte, 331, .3.32. 333, 341 
jnllantl, 14.5, 146, 226 


Kadar tribe, .327, .328, 329 
Kadcn, 122 
Kadcnniin, 122 
FCallir, .3f)0 

Kai-J'\'iig (China), 531 
Kainein, 69.3, 701 
Kajoc scmhaJien, 710 
Kala-a/.ar, 827 
Kaliningrad (khS.S.R.), .590 
Kamo R., 208 
Kanahwa K.. 87.5 
Kanam (jaw). 10.5 
Kanbaln (Cliina), .532 
Kangaroo rats, 748, 78 4 
Kaniwkaran tril>e\ -327 
Kansas, 6.5, .118, 126. 3.50, 3.51. 

•3.52, .3.54, . 3 . 5 . 5 , 3.56. .3.57, 361, 


Iowa City (Iowa), 953 
Ipil-ipil, 702 

Ij)S\\ieli (England), 115 
Iran, 4. 8,25,33, 137, 172, 176, 
278. 279, 281, 282, 28.5, 286, 
292. 297, 305, 332, .373, 415, 
46f). 510; sec also Persia 
Iraq, 312, 4.30, 510 
Ireland. 172, 176, 218, 220, 

222, 223, 225, 227, 228, 229, 


I\ory Coast, 711 

faekrabbits, 7.30, 74.S 
famaiea, 462, 464, 799, 800, 
1118 

Japan. 19, .37, .38, .39, 122, 1.53, 
160. 418, 4 . 37 , 443, 46-3, 464, 
491. 614, 813, 842. 886, .889, 
890. 970, 979, 980. 98 1.982, 
99 . 3 , 102 . 3 , 1027, 1079, 1118, 


362, 459, 166, 516, 547. .552, 
5.56, 557, 7.39, 74.5, 88.5, 92 4; 
Uni\ cTsity of, .3.50 
Kansas Citv (Kan.), .361 
Kansas C.'ity (Mo.), 922 
Kansas Stale Ilislorieal Socii‘- 
ty, 413 

Kansas Whiter Besonret's kaet- 
finding and Re.searcli Com¬ 
mittee, .547, .5.52, .556, 5.57, 


231, 23.3, 234, 236, 412, 46.3, 
468, 784, 1006; see also 
Northern Ireland 
Iris, 771-73; I. fulva, 771-72; 
7. hcxaiiona p^iganti-cacrula, 
77P72 

Irknla tribe, 327 
Iron, 195, 200, 210, 220, 228, 
293, 386, 705, 853, 8.59, 860, 
989. 99 . 3 , 998, 102 . 3 , 1024, 
102.5, 1026, 1027, 1029, 

1030, 1075, 111.5 
Iron Age, 16.5, 166, 171, 220, 
226, 228,'229, 233, 415, 1127 
Iron ore, 369, .379, 390, 5-38, 
8.57, 87.5, 98S. 1012, 102.3, 
1024, 1027, 1031, 1049 
Irotjuois Indians, 120, 122, 419 
Irrawaddy R., ‘>70 
Irrigation, 21. 2.3, 2.9, 83, 1.38, 
153. 157, 1,5S. 159. 17.5, 179, 


1119; Sea of, 29 7 95 
Jura, 693, 710 
Jarmo site, 282, 881 
j.itapii tribe, 327 
Ja\a (Indont'sia), 10.5, 341, 
431, 462, 693, 69.5, 827, 979 
jeriel 10 ( France ), 195 
jerielio ( Jordan), 285 
jersey ( cattle ), 218 
Jerusalem (Frante), 19.5, 38.5 
Jerusalem (T.sratd-Jordan), 385, 
1103 

Jellies, 507, 512, 51.5, 516, 527, 
528 

Jezreel (Israel), 8 
jhelum R., 692 
jhum, .3.30, 693 
lohnsongrass, 750 
Jolo I. (Philippine.s), 703 
jordan, 319 
Joriillo Mt., 462 


560 

Kansu (Cliina), 15, 287, 291, 
293, 463, 464 
Kaoliang, 158 
Karat!jt'ri tribe, 98 
Karakoram Mts., 281 
Karatepe (Syria), 166 
Karm tree, 710 
Karma, 10.58, 10.59 
Karo people, 704, 705 
Karst, 187, 773 
Kashmir, 116, 325, 327, 766 
Kathiawar (India), 324 
Kalkari tribe, 327 
Ka\ irondo people, 40 
Kavus, 330 

Kay-(aii (Cliina), 5.32 
Kazaklistan ( U.S.S.R.), 287 
Keanae Valley (Hawaii), 612 
Kcmpenland (Belgium), 204 
Kent (England), 416 




Kentei Mis., 294, 295 
KenlucVv, 127, 252, 272, 762, 
1026 ■ 

Kt'iiUuVv bluegrass, 720, 755, 
762 

Krnva. 40, 105, 161, 208, 310, 
212, 491 

KcrujucKrri I., 491 
Kcriiu’s berries, 185 
Kerrv (cattle), 218 
Key West (Fla.), 518 
Kliafajti site, 384 
Kliarga (Egypt), 308; Oasis of, 
307, 308, 311 
Kliaria tribe, 327 
Kharif, 330 

Kharkov (U.S.S.Jb), 1041, 

1049 

Kha^^^'ar tribe, 327, 710 
Khasa tribe, 327 
Khasi hills (India), 710 
Khasi tribe, 327, 328, 329, 706, 
710 

Khoiid tribe, 327 
Khondistari (India), 704 
Kiangsu Province (China), 
157. 158 
Kiel C.aiiah 535 
Kiev ( U.S.S.lb). 205 
Ki'hiii: kijntan^, 710 
Kilimanjaro, Mt., 237 
Kiinineiians. 2.94—.95 
Kingston ( janiaiea), 464 
Kirghiz (li.S.S.b.), 2.94-.95 
Kisumu (Kenya), 40 
Kitch('n middens, 283 
Kitimat (Canada), 603 
Klamath Indians, 119 
Klamath weed, 750 
Knowledge, 9.50, 1071, 1097, 
1098, il.50 

Kocher Valley (Germany), 251 
Koclcria cristata, 749 
Kbln-Lindenthal (Germany ), 
140, 141, 143 

Kolner Bucht (Germany), 247 

Konigsberg (Germany), 590 

Kol tribe, 327, 710 

Koli tribe, 327 

Kongwa (Tanganyika), 344 

Konkhara tribe, 327 

Konyak tribe, 327 

Kopanice, 198 

Korea, 122, 297, 979 

Korku tribe, 327, 706 

Korwa tribe, 327 

Kos, 387 

Kotzebue (Ala.ska), 786 
Koya tribe, 327 
Kraal, 21, 22, 40, 706 


Index 

Krakatau 1. (Indonesia), 462, 
466 

Kreis Elllingen (Germany), 
248 

Krypton, 836 

Ksar ’Akil, 279 

Kuki tribe, 327 

Kukii Nor (China), 290 

Kttmari, 693 

Knr R., 25 

Kurawan tribe, 327 

Kurilmba tribe, 327 

Kwakiiitl Indiarrs, 120, 434 

Kwangtung (China), 23, 702 

Kwaiito ( Japan), 46.3, 46.5 

Kwashiorkor, 821 

Kyushu (Japan), 4.58, 163 

Labor, 269, 441, 882, 946, 999 
T.al^oralorv of Climalologv, 571 
Ladan^r, .338-39, 342, .34.3, 345, 
693. 694, 69.5, 701, 708, 709 
Ladino, 99, 100 
liaestiA gonian Harbor, 52.5 
Eagash, 15(), 384, .510 
Lagoon, .508, 512, 519. 53.3 
Lagort* (Ireland), 228 
La Guardia AirpoiL (N.Y.), 
602 

Lake, 233, 510, 512, 513, 543, 
554, 600 

Lala tribe. 339, 340. .343 
LaJang, 430, 701, 702, 703, 
708; 709 
JmH, 710 
Lamprey cel, 798 
Lanca.shire (England), 459 
Lancaster County (Pa.), 371 
I .anc aster Sound, 492 
lianeelilla Valh*v (Honduras), 
764 

Lancliow (China), 15 
Land, 423, 440, 444, 549, 727, 
839-42, 843, 911, 945, 946; 
abandonment of, 420, 424; 
agrieultiiral, 992; classifica¬ 
tion of, 701, 906; manage¬ 
ment of, 646, 708; reclama¬ 
tion of, 504—7; utilization of, 
250, 252, 253, 256, 704, 884; 
waterproofing of, 5.54 
Land communications, 356, 396 
Land reforms, 267, 418 
Land tenure, 418 
Land u.se, 343, 424, 4S0, 555, 
637, 642, 643, 644, 684, 708, 
721, 883, 884, 885, 889, 903, 
904, 908, 945, 1038, 1039, 
1048 

Landes (France), 204 
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Laiiduwiu'i'slhp, 220, 421,429; 

sec aha Laud temire 
Landscape, 451, 907, 910, 911, 
912, 1090; national, 10.50 
Landstrassc, 392 
Language, 411, 1089, 1142; 

Ciermanic, 165 
Languedoc Canal. .534, 535 
Lantana, 793 
Lapland, 121, 78.5 
Lapp people, 121, 207, 785, 
786 

Laramide Re\ ohitiou, .3.51 
I.arissa (Greece), 73 
I.arix drridua, 755 
Larkspur, 747 
Larrea Desert, 3.51 
I.as Vegas (Nev.), .549 
Laseaux Ca\e, 1126 
1/a Teue cultvne, 228 
LatcTite, 338, 405, 859 
lailifimdia, 170, 171, 175, 176, 
266, 269, 404, 427 
Latin, 165, 176, 177, 179, 418 
I.atin America, 475, 970, 972, 
1131; see also Central Amer¬ 
ica; Middle America; South 
Ami'riea 

Laliiun (Italy), 42, 166, 185 
l.micaena ^hnica, 702 
Laurium (C^rcece), 167, 928 
l.ava. 324, 454, 162, 4().3, 692, 
703 

I.aw, 387, 1059, 1061, 1083, 
1084, 1090, 1104, 1108, 

1120; of contract, 934, 935, 
1109; of status, 934, 1059, 
1060 

Lawrence (Kan.),.357 
Lazy, 198 

I-.azy beds, 227, 230, 23.3 
Le Havre (France), 529 
Leaching, 339, 425, 662, 697, 
782 

Lead, 195, 200, 852, 8.53, 856, 
857, 928, 989, 993, 998, 
1025, 1029, 1030, 1031 
Lead (S.D.), 851 
Leah, 192 

Lebanon, 279, 404, 681 
L(?banon State Forest (N.J.), 
425 

T,cdum, 785 

Lehigh Coal Mine Cornpanv, 
371 

Lehigh Coal and Navigation 
Company, 371 
Lehigh Valley (Pa.), 371 
Lehmann lovegrass, 747 
Lehota, 198 
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Man's Kol‘ 

Ljcicosicr (Kiigliiiid), 590 
Leipzig ( C'.armanv), 160. 196, 
586. 589 

LcishiJKininsis, 824, 827 
Leisure, 987, 990, 1100: rmcl 
plenty, J 001-0 
Lemon, 170 

Iveii/nLjr.icI (U.S.S.li.), 528, 

590 

Lentils, 139 

Lenjioldvillo (Bcli^i.in (.nuiyo), 

488 

Lcpicllufti, 750 
Leprosy, 824 
Lcplospcrnunn, 75 J 
Letchvvorth (EnirlaiKl), oBB 
Levee, 512, 751,771 


■ ill C.lifinyiig flw I'occ 

iJ.niKi. 77f) 

/.(>( (//errs, 205 

Loess. 5'1. 185, ISO, 140, 141, 
I ts, 144, 145, 189, 224, 235, 
248, 280, 288, 290, 354, 416, 
464 , 623, 922, 923 
Loire (Fraiic-e), 195, 198 
LoUtim mulliflonirn, 749; L. 

pcrentic, 749 
Lombardy, 179, 223 
London (England), 100, 183, 
191, 321. 308, 30‘). 370, 371, 
385, 390, 391, 392, 393, 394, 
395, 430, 442, 497, 581, 580, 
590, 591, 807, 809, 817, 819, 
827, 881, 887, 930, 908; Port 


of the Earth 

Lt/mtuica stagna/is, 797 
Lynchburg (Vu.), 547 
i.\ nii/iaM'ii P., 942 

Maas R., 467, 513 
Man cl lie, 188 
MeCredie (Mo.), 058 
Macedonia, 107, 108, 427 
Machine, 991., 1000, 1007, 

1012, 1023, 1037, 1048, 

1092, 1090, 1110, 1148, 

1150, 1151 

Machine ei\’ilization, 1023-24. 
1 029, 1 030; see also Techno¬ 
logical civilization 
Machinery, 884, 1001, 1012, 
1014, 1048; agricultural, 883 


Lhota, 198 


of, 522 


Mackenzie R., 110, 121 


Liaotung (Cliina), 369 
Liberalism, 1083, 1097, 1098 
Li]>erly, 1083, 1099 
Libya, 305, 317 


London Bills of Mortality, 819 
London Bridge. 529 
I.ondon Con\(*nlion (1946), 
497 


Madagasc-ar, 122, 123, 325, 

330, 339- 40, 342, 343, 346, 
412, 093, 696, 097, 699-700, 
701, 705, 706, 711 


Libyan Desert. 311, 456, 925 
Lic'Iien. 785, 786 
I Adi, 51 I 

I a’ege (Belgium ). 25 
Life, 1090! 1002, 1095, 1098, 
1103, 1104. 1113, 1114, 

1119. 1131, 1145; rev(>rcnce 
for, 1152 

Life-e.vp('etaney, 818, 935, 

1026 

Lighthouse, 505, 506, 530 
Lightning, 115, 124, 125, 350, 
412, 413, 427, 615, 679, 703, 
939, 9 49 

Lignite, 300, 374, 997, 1027, 
1077 

Ligurian Mts., 185 
Lille-Roubaix (France), 391 
Limes, 173 

Limestone, 390, 628, 632, 784, 
1024, 1030 

Liniinka (Finland), 41 
Limiting factor, 444, 457, 458 
Lincoln ( Neb.), 598, 599 
Linke-Ostwald blue scale, 590 
Linseed. 331, 333 
Lion, 317, 413 
Lions, Gulf of, 456 
Lisbon (Portugal), 463, 464, 
465 

Lisicnx (France), 198 
Literature: Arabic, 165; Ar¬ 
menian, 165; Slavic, 165 
Lithium hydride, 1076 
Liverpool (England), 530, 537 
Livestock, 226, 358, 360, 428, 
678,723, 783 
Lizard, 798, 800 


London Missionary Socitdv, 
706 

Long Beach (Calif.), 464 
Long Island (N.Y.), 413, 414, 
519 

“Longleaf-Loblolly-Slasli Pine,” 
124. 352, 412 
Lop Nor (China), 466 
Lorraine (France), 189, 229 
Los Angeles (Ckilif.), 29, 395, 
461, 527, 587, 5SS, 799, 827 
Lost H., 426 
Lou-lan (China), 466 
liOuisiana, 455, 461, 464, 467, 
772, 919, 920 

Louisiana State University, 4.53 
Love, 292, 1141, 1152 
Love-lies-bh'eding, 766 
Low Countries, 265, 467, 512, 
514, 515, 684; sec also Neth¬ 
erlands, The 

Lower California (Mexico), 
60, 402, 434 

Ta)wer Halstow culture, 142 
I.iieknow (India), 324 
Ludwigshafen (Cermany), 595 
Liibeck (Ciermany), 160,392 
Liitjenburg (Cermany), 196 
Lilli, 710 

Lumbering, 360, 396, 678, 680, 
684, 722, 723, 724, 725, 989 
“Lungshan” culture, 290, 291, 
292 

Lushai tribe, 327 
Lusitania, 61, 305 
Luzon I. (Philippines), 462, 
695, 703, 710 
Lydia, 166, 167 


Madeira Is., 464 
Madhuca latifoha, 334 
Madhva Bharat (India), 324, 
327 

Madhya Pradesh (India), 327 
Madison (Wis.), 721, 737 
Madras (India), 327, 527, 1114; 

Uni\ ersity of, 324 
Madura I. (Indonesia), 343 
Magadha (India), 297 
Magdaleiiian period, 136, 284 
Magdeburg (Germany), 196 
Magellan, Strait of, 537 
Magic, 18, 19, 99, 222, 237, 

327, 382, 765, 1139 
Magnesium, 443, 651,653, 663, 

665, 852, 853, 858, 989, 
1012, 1030, 1031 
Magyars, 197 
Mahoning R., 552 
Mahua tree, 334 
Main R., 193 

Maine, 123, 217, 724, 872, 873, 
920 

Mainz (Cermany), 278 
Maize, 241,251, 331, 333, 359, 
383, 390, 694, 708, 765, 773, 
792, 1124 

Makiling National Botanic Gar¬ 
den (Philippines), 701 
Malabar (India), 326, 327, 

328, 330, 334 

Malaria, 171, 788, 789, 800, 
818, 822, 824, 825, 826, 827, 
936, 938, 981 
Malay, 695, 704, 708 
Malay Peninsula, 123, 701, 826 
Malaya, 693, 859 
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Mal^iyan tribe, 327 
Malaysia, 105 

Malntilrition, 824, 827, 931, 
976 

Malta, 305 
Mammoth, 135, 475 
Man: adaptive variations of, 
52; as accent of change, 473— 
74; as ag,cnt of dispersal, 
788-802; attitude of, toward 
nature, 406—8; as biological 
specimen, 50, 1081; catalytic 
influence of, 773; character¬ 
istics of, 50; as culture-bear¬ 
ing animal, 1081, 1137; de¬ 
pendence of, upon other or¬ 
ganisms, 471, 678; distribu¬ 
tion of, 402; as domesticated 
animal, 945; as dominant 
species, 387, 1146; as eco¬ 
logical dominant, 778; emt’r- 
gence of, 1114; and taiviron- 
rnent, 946; gc'ological sig¬ 
nificance of, 851; as greal(‘st 
resource, 882; historv of, 
445; in hydraulic cixiliza- 
lioiis, 155-60; as language¬ 
using animal, 1089; mari¬ 
time, 506-7; naUire of, 1089; 
optimal cliinjitic conditions 
for, 459; origins of, 105, 115; 
as part of nahin*, 408, 420, 
1088; and plants, 79-80; 
primitive, 18, 326, 679, 693, 
1055; time span of, 402; “im- 
specialization” of, 471; waste 
probh'ms of, 807 
Management, 153, 1123 
Mananja people, 706 
Manchester (England), 436, 
528 

Manchu tribe, 294-95, 975 
Manchuria (China), 120, 281, 
287, 289, 290, 293, 737 
Mandara Mts., 345 
Mancliocat 341 

Manganese, 852, 856, 988, 

1029, 1030 
Man gif era indica, 332 
Mango, 330, 332, 801 
Mangrove, 504, 506, .508, 517, 
518, 917 

Manhattan I. (N.Y.), 801 
Manila (Philippines), 436 
Manila Bay, 518 
Manioc, 694, 708 
Manitoba (Canada), 65 
Manji (China), 532 
Manjwar tribe, 327 
Mannheim (Germany), 595 


Mansns, 255 
Manti (Utah), 784 
Manufacturing, 391, 809, 863, 
884 

Manure, 167, 170, 233, 250, 
252, 253, 338, 342, 343, 345, 
346, 660, 666, 702, 704, 813 
Manzaiiita, 775 
Maori, 98, 122, 753 
Maple, 722, 723, 724, 728 
Ma(juL 123, 188. 773 
Marajo I., 341 
Maravi people, 706 
Marcmma (Italv), 171 
Maria tribe. 327, 706 
Mariana Is., 93 
Mali!) (Arabia), 179, 297 
Maritime Provinces (Canada), 
872, 920 
Maritza R., 73 
Xfariut, Lake, 319 
Marlborough Land District 
(N.Z.), 754 
Mars, 776, 1113, 1114 
Marseilles (France), 185, 527 
Mar.sh, 510, 513, 518, 918, 924 
Marshall Is., 93, 95,96, 97, lOO, 
839, 842, 844 
Martinique I., 436, 462 
Marv Dasht (Iran), 25 
Maryland, 63, 353, 547, 811, 
814; University of, 567 
Masai tribe, 491 
Masha, 418 

Mass communications, 10, 44 
Mass-grav'ity movements, 621 
Massachusetts, 417, 793 
Massachusetts Institute of 
Technology (M.I.T.), 1020, 
1139 

Materials, 447, 989,1057, 1071; 

radioactive, 553, 846 
Mathematical laws, 1054 
Mathematical mechanics, 1053 
Mathematics, 161, 169, 948, 
1053, 1089, 1090, 1091; 

Greek, 1109 

Mato Grosso (Brazil), 702 
Maui I. (Hawaii), 611 
Mauretania, 61, 403 
Maya Indians, 122, 154, 338, 
693, 695 

Mayadis tribe, 327 
Mayan Empire, 159, 695 
Mayflower, 236 

Mayon, Mt. (Philippines), 462 
Mayurbhunj tribe, 327 
Mead, Lake, 542, 572, 644, 921 
Meadow, 252, 253, 255, 261, 
293, 763, 764 


Measles, 789 

Moat, 362, 7h2, 786, 1073 
Meath, County (Ireland), 228 
Mecca (Arabia), 297 
Mech tribe, 327 
Mecbaiiization, 269, 896 
Mecklenburg (Germanv), 196, 
197, 198, 266, 267 
Medan (Indonesia), 430 
Medes, 292 

Medicine. 387, 407, 818, 935, 
936, 941 

Mediterranean Basin, 184, 186, 
456 

Mediterranean climate, 734 
Mcditerraiu’an forest, 184 
Mediterranean lands, 184-88 
Mt'dilerrancian Sea, 56, 58, 60, 
61, 78, 80, 81, 106, 122, 123, 
139, 165, 169, 173, 177, 178, 
183, 185, 186, 187, 188, 218, 
2J9, 226, 228, 231, 278, 279, 
281, 282, 286, 299, 304, 305, 
306, 308, 310, 311, 314, 315, 
316, 319, 325, 356, 404, 418, 
430, 457, 462, 522, 525, 534, 
535, 536, 537, 680, 681, 707, 
763, 773, 7cS8, 789, 798, 866, 
928 

Mecna tribe, 327 
Megalith, 224, 225, 226, 227 
Megalopolis (Greece), 389 
Meganthropus, 104, 105 
Megaptera, 491 
Meissen (Germany), 196 
Melaleuca, 793 
Melanesia, 415, 705, 955 
Melhourne site, 125 
Melica, 749 

Melody, 1058, 1059, 1062 
Memphis (Egypt), 881, 1120 
Memphis (Tcnn.), 925 
Menangkabau people, 704 
Menlo Park (Calif.), 1010 
Menor, 63 
Mental health, 828 
Mental illness, 821, 1117, 1122 
Meo tribe, 327 
Mercury, 856, 1113 
Merimde site, 138 
Merina people, 339, 340, 346 
Merino sheep, 360, 746, 753 
Mesabi Range, 855, 860, 875, 
1012 

Meso-America, 161; see also 
Central America; Middle 
America 

Mesolithic period, 106, 135, 
136, 141, 142, 143, 144, 189, 
223, 315, 317 
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Mfsopot.miiii, 1 n(i, 1‘ 

J 75, 2S2, 2S5, 2m, 2i)7, o-S 
S&J, 476, 500, 510, 550. 5^ 
yirs()y()i\‘ peroid, 524, 454, 7/ 
.\I(‘S({iutc‘, 42H, 661, 752, 741 
747 

Mfvsqiiilc <j;niss, 555, 750 
Mf.ssina (Italv'), 4i(\ 4(^4; 

Straits of, 185 
M( sta, 406 

Metal, 472, 851, S5S, ,S6I, 027 
989, 998, 1025, 1028. 1050 
1075 

Meteorokmw (wperiiiiental, 607. 

608, 612-12^. OM. ()16 
Methioniiir, 1085 
Metropolis, .‘lOo, .‘>9 1, '39.5, o96, 
591, 88.5, 1 142 
Mettka’s \N’oo(ls (X.f.), 938 
Meuse R.. 25, 1 12, 586 
Mexico, 12. 20, 60. 62, 6.3, 121, 
154, 156, 575, 402, 406, 410, 
411,416. 4.56, 462, .536, 614, 
692, 693. 694, 698, 705, 8.59, 
926; Cailf of. 62, .351, 4.55, 
467, .507, 519, 5.3.'>, .547, 826, 
873. 928 

Mc'xieo City ( Mi\\ic;o), 64, 160, 
417, 549' 881 
Miami ( Fla.), 917 
Miami BcmcIi (Fla.), .508, 517 
Miela'lsberg culture, 22-3 
Mieliiaau, 127, 554, 724, 77-3, 
884; Fiiicorsitv of, 11.34 
Mielii,u:an, Lake, 538 
Microclimate, .569, 571, 581, 
.587, 601, 685, 724, 1044; 
modification of rural, 567*"8.3 
Mieronc'sia, 93, 91. 9.5.5. 11.52 
Miero()ru;anisuis, 414, 471, 764, 
770, 790 

Mid Caaitiiry Confercnco on 
Kesourc'es for the Fullin', 
882, 1005 

Middle Ages, 12, 14, 17, 19, 
.31, 40, 171, 172, 173, 17.5, 
178, 183, 190 99, 207, 217, 
220, 228, 38.5, 394, 40.3, 446, 
477, 494. 8.S1, 1098, 1125; 
ficc also D.irk Agc's 
Middle? AuK'iit a, 4.58; .see also 
Central Amt'ric a 
Middle East. 169. 175, 176, 
178, 17f), 180, 2S5, 317, 4‘3.5, 
436, 68,5. 811, 877, 928, 
1035, 1126; sea also Near 
East 

Middle Kingdom, 113.3 
Middle 3Vest (U.S.), 6.5, 128, 
439, 623, 864, 865, 875 


IT, Micld1e>e\ County (Euglmd) 
:.3* 191 

>Z Midiunitrs, 296 
6 Midlnod i '.omtuission, S74 
, .MitrraOon, 265, 206, 27S, 282, 
2S4, 291, 295, 296, 305, 306, 
509, 31 I, .318, .‘325, .‘329, 3.38, 
.384, 439, 4.5.5, 456, 467, 862, 
871, 10.35 
Mik'tus site', 466 
Milieu, 304, .30.5, 310, 31.5, 320 
Milk'dai'\ ille ((ai.), 81 
Millc't,'28.5, 286, 287, 2.S9, 290, 
297, 317, :324, .‘331, 694 
Milpa, .56-.57, 58, 121, 122, 
.338, 475, 69.3, 691. 695 
Milwaukee (\Vis.),811 
Mind, 110.5, 1145 
Mindanao (iMiilippincs), 462, 
702 

Mindc'l phase', 314, 315, 318 
M inc'ial ck'])osits, 851, 857 
Minerals. 472, 648, 8.52, 8.58, 
890, 927, 929, 989, 991, 993, 
1049. 1075, 1116 
Mitiiini, 177 
M ituniissvni, 177 
Mining.i6, 27,63,72, 173, 197, 
210, 373, .‘374, 376, 387, 390, 
.507. 519, .5.52, 722, 8.5.5, 8.59, 
860, 896, 1010 
Minnc'apolis (Minn.), 240 
Minnesota, 126, 351, 3.5.5, 724, 
1012 

Mino-Owari (Japan), 463 
Miocene pe riod, 105 
Mirac'k', 941, 1143 
Miserahilis plehs. Cl 
Mishmi tribe, 327 
Missions, 207, 710, 849, 9.52, 
1112 

Mississippi, 352 
Mississippi Basin, 646 
Mississippi Delta, 771 
Mississippi R., 65, 281, 352, 

3.57, 4.57, 460, 467, 509, 511, 
.528, .5.30, 533, 5-38, 5.5.5, 641, 
642, 771, 87.5, 9L9, 92.‘1, 924, 
938 

Mississippi X’allev, 6.5, 118, 351, 
461.464 

Missouri, 63. 6.5, 126, 3.57, 657, 

6.58, 659. 763, 780, 799, 922 
Missouri Agricultural Expc'ri- 

inc ut Station, 658 
Missouri Botanical Garden, 763 
Missouri R., 6.5, 3.52, 3.57, 4.34, 
467. 641, 921, 922, 997 
Mistral. 4.59 
Mitchell (Ore.), 460 


, Mixtc-e.i ( Mt'xic't)), 402 
Mnoiig Rlani pi'Ojilc', 34.7 
Moa. 700, 755 
Modenii (Jtulv), 371 
Modernism, 1097, 1098 
Mogul India, 156 
Moiiawk ( Ariz.), .5.5.‘3 
Mohawk \7dlev, 6.5 
Mohenjo-Daro culture, .‘326 
Moi Riiacle people, .345 
Moisture.' halanec', 575 
Moisture c'xchange, 571 
Mold;i\ ia. 64 
Mole. .522. 525, 526, 527 
Molinia ( aerulca, 782 
Mollusrirides, 830 
Molybde num, 8.52 
Monastc'ries, 181; Be'nedietinc', 
178, 179, 194; (Jistf'ician, 

194, 2.36; “White,” 178 
Moiu'v ('conoiny, 40.5, 406 
Mongol people, 31, 154, 294- 
9.5, 297, 476. .511, 881 
Mongolia (China), 169, 278, 
281, 287, 293, 294, 295 
Mongoose, 799—800 
Monsoon, 550. .331, 932 
Montana. .547, 641, 745, 8.54 
Montc' Alban site', 402 
Monte ha jo, 188 
Montc' Nue\'o (Italy), 462 
Montec'ompatri (Italy), 42 
Mc^nlerc'y c'ypress, 7.5.5 
Monterey pine, 7.5.5 
Mc^ntc'\ideo (Uruguay), 527 
Montlouis (France;), 36’ 
Mcjutreal (Canada), .527, .873 
Moor, 782 
Moose', 7.54, 78.5 
Meirat, laike, 78 
Me)ra\ ia (C7.cche)sle)\akia), 1.39, 
198 

Mejrhiclity, 828, 935 
Morea (Greece), 79 
More'snc't (Bc'lgiurn), 858 
Meaex'co, 175, 287, 317, 463, 
464 

Me)roe'e)cha (Peru), 8.54 
Menpholeigy, 624, 631; alhnial, 
466 

Morris Canal, .534 
Mortality, 819, 828, 93.5, 971, 
1026, 1117; .sec also Death 
rate 

Mejsaic code, 818 
Me)scow (U.S.S.R.), 207, .593, 
1049 

Moselle R., 252 
Mexsquito, 518, 789, 790, 795, 
797, 824, 825, 843, 979 
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Mossi 

Mot\\ b(‘cm, ^^2 
“M()t\\cr Eiirtb,” 1057, 1004 
M(>l\\er Lode (Calif.)» 775 
Molorcar; see Automobile 
Mohuila (Nyasaland), 711 
Mount Carmel .slulls, 51 
Mount IVashingloii 01>ser\a- 
lory, 009 

Mountain, 454, 721, 872 
Mt)usleiiaii c ulture, 51 
Menviug, 747, 748 
Mozainbicjue, 711 
MncKlows, 401, 480, 028 
Minister (Cerinanv), 2S.5 
Muhlcnhcrgia, 749 
Mulilv, 749 
Mul]3^rrv, 178, 1013 
Mule, 77, 375 
Murula tribe', -327, 334, 710 
Munclari pc'ople, 710 
Munic'li (Gc'imaiiy), 585, 593, 
595, 001 
Muiia tribe', .327 
Mu.seoN V, 207, 1039 
Music-. 1055, 1058, 1059, 1062, 
] 1 20 

Muskrat, 799 
Musselsbell R., 352 
Mustang, 744, 745 
Mustard, 331, 763 
Mutation, 445, 440, 408, 845, 
947,1124 
Myocastor, 799 
Mvriapod, 1073 
Myrtle, 188 

Mysore (India), 327, 340 

Naarden (Nc.'therlands), 35 
Naardermccr (Netherlands), 
35 

Nacliingwea (Tanganyika), 
344 

Naga tribe, 327 

Nagasaki (Japan), 430, 844, 
845 

Nahalal (Israel), S 
Nambiidiri people, 326 
Nanking (China), 278, 309 
Nantucket I. (Mass.), 490 
Naples (Italy), 462 
Xauhis stricta, 782 
Narwhal, 494 
Na.scJJey 755 

National Academy of Sciences 
(U.S.),845 

National Association of Manu¬ 
facturers (U.S.), 1005 
National City Bank (N.Y.C.), 
852 


National Institute of Oceanog¬ 
raphy (Great Britain), 502 
National Museum of Finland, 
209 

National Park Services (U.S.), 
413 

Naticmalisin, 41, 44 
Niitural environment, 346, 382, 
387, 391, 945, 1038, 1090, 
1114; see also Physical 
environnic'nt 

Natural gas, 368, .372, .376, 379, 
.380, 875. 877, 1010, 1013, 
1076, 1077 

Natural history, 91, 930, 946, 
1053, 1051,"l060 
Natural resources, 93, 95, 96, 
97, 98, 100, 101, 406, 408, 
47.3, 543, 941, 988, 991, 

1001, 1003, 1080, 1094 
Natural sciences, 1081, 1888, 

1089 

Naturalism, 1090, 1097 
Nature, 74, 945, 946, 1001, 

1002, 1006, 1048, 1055, 

1057, 1063, 1064, 1082, 

1084, 1092, 1093, 1095 

Nauelea parvi-foUut 710 
Naucratis (Egypt), 166 
Navaho Indians, 60, 97, 478, 
623. 783, 1106, 1107, 1108 
Naval stores, 200, 201 
Navigation, 72, 290, 390, 53.3, 
548, 864, 923; aids to, 530 
Navy (U.S.),612, 1138 
Nayak tribe, 327 
Nazarc'lh (France), 195 
Neanderthal man, 51, 105, 494 
Ncanderthaloids, 104 
Near East, 58, 59, 61, 80, 154, 
156, 160, 285, 383, 385, 387, 
418, 430, 436, 475, 956; see 
also Middle East 
Nebraska, 65, 126, 193, 352, 
361, 569, 598, 599, 739, 745, 
924; sandhills of, 741 
Nebraska National Fore.st, 128 
Nc’cos ( Necho), 536 
Needle grass, 353, 739, 749 
Needles (Calif.), 923 
Need.s, economic, 819 
Negev (Israel), 175 
Negro, 342, 374, 956 
Negroids, 455 

Neolithic period, 58, 87, 104, 
116, 120, 121, 122, 129, 138, 
139, 142, 143, 144, 146, 147, 
189, 223, 225, 226, 228, 229, 
231, 233, 241, 252, 283, 285, 
309, 312, 314, 315, 317, 318, 


■326, 382. 383, 384, 385, 410, 
415, 420, \23, 430, 432. 443, 
763, 765, 792, 912, 920, 
1115, 1125, 1142, 1144 
N(‘0-Malthusiims, 937, 991 
Nc'pal, 464 

Netherlands, 3 he, 84, 35, 84, 
135, 136, 145, 171, 226, 281, 
373, 460, 467, 512, 513, 514, 
531, 533, 539, Sl,3, 900, 901 
907, 942, 10.37, 1090 
Nc'ucliatel, Lake, 78 
Nevada, 35.3, 460, 5 19, 798 
Ne\ ada blue grass, 685, 688 
New Brunswick (N.|.), 737, 
938 

Nc'w Dc'lhi (India). 9o3. 1114 
Nt'w England, 64, 65, 122, .393, 
417, 424, 477, 490, 493, 864 
New Guinea, 118, 119, 121, 
122, 338, 694, 705, 859 
Nc;w Hampshire, 609 
New Havcm (Conn.), 471,600. 

868 , 1035, 1052 
New |ers('>% 394, 42.5, 479, 533, 
535, 567, 575, 577, 580, 582, 
737 

New Madrid (Mo.). 461 
New Mexico, 156, 616, 749 
New Orleans (La.), 458, 461, 
772 

New R., 875 

New South Wales (Australia), 
737 

New Spain, 63, 64 
New Ulm ( Minn.), 355 
New World, 4, 53, 54, 56, 62, 
7.3, 78, 106, 125, 196, 201, 
251, 390, 402, 417, 419, 420, 
428, 536, 677, 694, 763, 78 5, 
799, 977, 1116; sec also 
America 

New York, 368, 392, 393, 396, 
413, 519, 554, 584, 607, 724, 
925, 987, 995, 1006 
New York Bay, 534, 535 
New York Cc'ntral Railroad, 
875 

New York City (N.Y.), 38, 65, 
372, 373, 383, 394, 395, 527, 
533, 537, 602, 621, 776, 809, 
831, 852, 868, 871, 87.5, 885, 
887, 917, 924, 925, 987 
New York Kerosene Oil Com 
pany, 374 

New York University, 1017 
New Zealand, 83, 116, 122, 
491, 504, 505, 516, 700, 737, 
738, 751, 754, 755, 756, 780, 
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7HH, 793, 794, 797, 79H, 79\ 
800, 801, 8IS, 886 
New Zealand Bax, 751 
Newark (N.J.), 394, 539 
Newcastle (England), 367, 
368, 440 

Newfoundland (Canada), 507 
Newport Beach (Calif.), 104 
Nicaragua, 452, 536, 537 
Niche, 404, 408, 414, 472, 1095 
Nickel, 852, 857, 858, 1029, 
1030, 1031 

Niger Province (W'e.st Africa), 
706 

Niger R., 307 

Nigeria, 319, 337, 344, 345, 705 
Nihilism, 1147 
Nile Delta, 428, 511 
Nile R., 172, 175, 284,299, 304, 
306, 316, 389, 507, 530, 531, 
533, 536, 547, 680, 692 
Nile Valley, 138, 304, 306, 309, 
312, 313, 310, 317, 509, 919, 
933,1152 

Nilgiri Hills, 325,328 
Ninelv-Milo Bcaeli (Auslra 
lia), 516 
Nineveh, 881 
Nipa, 324 

Nitrogen, 657, 658, 659, 663, 
066, 697, 838, 1018, 1023 
Niwar tribe, 327 
Nobility, 212, 267 
Nogales (Ariz. ),460 
Nomadism, 50, 255, 283, 292, 
293, 294, 295, 444, 781,786, 
898; see also Pastoralism 
Nome (Alaska), 786 
Nongkrem, 329 
Noos, 103 

Noospherc, 86, 104, 106, 107, 
109, 110, 801 
Norag, 169 
Norfolk (Va.), 942 
Norfolk and Western Railroad, 
865 

Norrland, 222 

North Africa, 123, 166, 168, 
169, 170, 171, 173, 175, 176, 
178, 179, 309, 403, 411, 681, 
685, 738, 866, 873, 925; sec 
also Africa 

North America, 52, 63, 94, 106, 
118,119,126, 129, 328, 351- 
62, 402, 410, 417, 419, 421, 
424, 494, 505, 511, 517, 518, 
537, 538, 680, 685, 721, 722, 
729, 730, 737, 738, 739-48, 
751, 773, 779, 793, 799, 920, 


I. 926, 927, 939, 949, 952, 977 
1044, 1116 

North Canterbury (N.Z.), 75o 
North Carolina, 63, 441, 769, 
842 

North Dakota, 555 
North Korea, 1049 
North Iranians, 292, 293, 294- 
95 

North Sea, 141, 247, 264, 265, 
279, 299, 496-97, 500, 501, 
512, 514 

North Viet-Nam, 1019 
Northern Equatorial Africa, 
698-99 

Northern Ih'mispherc, 455, 
537, 601 

Northern Ireland, 227, 232, 235 
Northern Rhodesia, 161, 339, 
340, 343, 705 

Northwest Coast (U.S.), 435, 
919 

Norlbwc.st Fur Company, 538 
Norway, 218, 229, 233, 236, 
493,'494, 496, 975 
Novgorod (U.S.S.R.), 207 
Noxious plants, 747, 750 
Nuhia, 137, 284, 313, 919 
Nuclear “hreeding," 1031 
Nuc lear enc'rgy, 367, 845, 847, 
929, 940, 1076, 1077, 1148; 
see also under Atomic 
Nuclear explosions, 838 
Nuclear industry, 839 
Nuclear power, 1147 
Nuclear reactions, 380, 831; 

see also under Atomic 
Nuclear weapon.^, 836; see also 
under Atomic 
Niirnberg (Germany), 593 
Numidia, 61, 403 
Niinamiut Eskimo, 786 
Nutmeg, 330 
Nutria, 799 

Nutrient, 488, 490, 501, 648, 
652, 653, 654, 658, 733, 
1072, 1085 

Nutrition, 648, 652, 657, 658, 
659, 661, 663, 664, 665, 666, 
670, 956, 1072, 1086 
Nyasa, Lake, 711 
Nyasaland, 705, 706, 711 

Oak, 183, 184, 186, 188, 189, 
200, 204, 219, 225, 228, 308, 
352, 581, 722, 724, 725, 720, 
728, 732, 767, 770, 773, 775 
Oak Ridge National Laboratory 
(Tenn.), 1111 

Oasis, 4, 42, 84, 285, 287, 289, 


290, 291, 293, 296, 297, 315, 
320, 387, 402, 403, 430, 572 
Oat grass, 755 

Oats, 58, 59, 208, 220, 231, 
233, 234, 255, 358, 359, 763 
Ob R., 1047 

Ocean, 443, 842-43, 1011, 

1074 

Ocean currents, 489, 842 
Oe('an perch, 488 
Ocean transport, 883 
Odcmwald (Germany), 193, 
263 

Oder R., 195. 267 
Odessa (U.S.S.R.), 527 
Office of Naval Researcli, S62 
Ohio, 63, 126, 127, 407, 423, 
424, 460, 477, 552 
Ohio 11., 460, 467, 642 
Oikumenc, 135 

Oil, 360, 361, 362, 367, 368, 
369, 370, 373, 389, 430, 488, 
989, 1013, 1014, 1071, 1076, 
1077, 1078; rcser\'cs of, 928; 
sec also Petroleum 
Oil City (Pa.), 370 
Oil companies, 375 
Oil fields, 552 
Oil palm, 341,431, 70S 
Oil pools, 854 

Oil shale, 369, 374, 379, 380, 
1010, 1026, 1031 
Oil terminals, 525 
Oil wtdls, 374, 378, 1006, 1115 
Oilseeds, 333, 405 
Oka R., 206, 207 
Okhotsk, Sea of, 281 
Okinawa I., 418 
Oklahoma, 128, 351, 352, 354, 
360, 361, 547, 594, 597, 745 
Old German Empire, 265 
Old Kingdom (Egypt), 957 
Old Norse, 57 

Old Orchard Beach (Me.), 873 
Old Silk Road (China), 466 
Old South (U.S.), 361 
Old Testament, 72, 74, 76, 87 
Old World, 54, 60, 61, 104, 
106, 137, 196, 223, 249, 278, 
283, 285, 287, 307, 417, 430. 
653, 677, 694, 695, 696, 730, 
731, 768, 783, 793, 1116 
Oldesloe-Gudenaa site, 141 
Olive, 61, 166, 170, 171, 175, 
184, 388, 767, 770, 775, 776 
Oman, 297 
Ontario, Lake, 538 
OppidcL, 166 

Opuntia, 741, 745, 747, 793 
Orange sneezeweed, 747 
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Oraon 327, 710 
Ordrup (Denmark), 180 
Ore, 525, 851, 855, 857, 85S, 
1115 

Ore deposits, 851-51 
Oreiron, 119, 124, 460, 466, 

743, 887 

Orcoj)ifficcus l}(U)ihoIi, 105 
Organism, 457, 1080, 1119, 

1124, 1137, 1148; patho¬ 

genic, 468 

Organization, 448, 945, 1094, 
1098, 1100, 1110, 1144, 

1150, 1152; hnmau, 1093; 
international, 1005; social, 
418, 443, 885, 950, 970, 971, 
1095 

Orient, 99, 166, 518, 537, 790, 
1115; s(?e also Far East 
()rino (“0 R., 738 
Orissa (India), 327, 464 
Orkney Is., 225 
Ornamentals, 765, 766, 792 
Ortfza saliva, 332 
Orijzopsis Innncnoklcs, 685 
Oschc, 260 " 

Ostrich, 309, 317, 700 
Ostrogoths, 179 
Otago (N.Z.), 753 
Oiitfi(4d, 227, 229, 230, 233, 
236, 252 

Overcrowding, 823, 902 
Overgrazing, 353, 428, 578, 
623, 634, 684, 699, 700, 730, 

744, 745, 746, 747, 917 
Overijssel (Netherlands), 3i 
Overpopulation, 711, 936, 969, 

1144 

Owens Valiev (Calif.), 463 
Ox, 139, 250, 328, 329, 337, 
340 

Oxford University, 171 
Oxvgen, 487, 489, 1020 
Oyster, 170, 383, 519, 942 
Oyster drill, 794 
Ozark Mts., 352, 423 
Ozone, 588 

Pacific Coast (U.S.), 125, 357, 
359. 361, 753, 775 
Pacific Northwest (U.S.),36l, 
868 

Pacific Ocean, 56, 62, 95, 97, 
100, 356, 465, 492, 496, 509, 
535, 538, 546, 548, 707, 839, 
927 

Padang, 701, 709 
Paddy, 341, 342, 416, 884 
Painting, 1025, 1055, 1062, 
1063; see also Art 


Pakistan, 327, 332, 931,980 
Palace of Fine Arts (Mexico 
City), 549 
Palau Is., 93 
Paleoanthropology, 104 
Paleoclimatology, 304, 307, 318 
Paleof'cology, 738 
Paleogeography, 301, 320 
Paleolithic period, 51, JOf, 
105, 106, 116, 120, 135, 136, 
279, 305, 310, 313, 314, 315, 
325, 326, 394, 410, 411, 417, 
420, 443, 445, 789, 1085, 
1142 

Paleontol{)gy, 103, 313 
Paleozoic pcTiod, 103 
Palestine, 79, 173, 179, 285. 
296, 309 

Palo Alto (Calif.), 775 
Palomar, Mt. (Calif.), 1113 
Palonso (Wash.), 351, 737 
Pamir Mts., 281, 289, 1035 
“Pamlico Sea,'’ 505 
Pampa, 6.5, 121, 129, 737 
Panama, 62, 692; I.sthmus of, 
536, 537, 539 

Panama Canal, 377, 534, 537, 
538 

Panliandlc (Okla.), 745 
Panhandle (Tex. ),65 
Paniram, 749; P. 'Miliaccinn, 
285; l\ virgaltmi, 730 
Panther, 317 

Paniyar tribe, 328, 329, 334 
Panshan-Yangshao people, 290, 
291 

Pan van tribe, 327 
Papuan, 121, 705 
Papvriis, 169, 178, 179 
Par A (Brazil), 340 
Para R., 340, 341 
Paradox, 1064, 1065 
Paramba, 330 
Parang, 701 

Parasite, 795, 796, 797, 936, 
1115 

Parccllcmcnt, 221, 235, 236, 
245, 248, 267 

Pardmnbanan Batak people, 
431, 708,710 
Paricutiri (Mexico), 462 
Paris (France), J7, 138, 368, 
383, 395, 590, 591, 595, 597, 
602, 807, 818, 887; Basin of, 
263 

Park, national, 701, 901 
Parka, 693, 706 
Parkland, 698, 699, 737, 748 
Parlohongy 704 
Parma (Italy), 371 


Parral (Nh xico), 63 
Pas-de-Cahns (France), 16, 27 
Pasadena (Calif.), 480, 1023 
Paseky, 198 
Passaic R., 539 

Pastoralism, 137, 146, 414, 415, 
416. 778—87; .sec also No¬ 
madism 

Pasture, 120, 253, 255, 2Sf), 
384. 418, 124, 427, 475, 479, 
515, 680, 728, 763, 841 
Patagonia, 106, 118, 737 
Patrocinia, 176, 178 
Palt('rn: ecological. 1152; so- 
eial, 256 
Pays, 220 
Paysan, 220 
Pax Roniana, 175 
Pea, 139,170,331 
Peact', 1005, 1006 
Peacl), 170 
Peacock,170 

Peanut, 1085; see also Ground¬ 
nut 

Pear, 1150 

Pearl Harbor (Hawaii), 470 
Pt'arl millet, 331 
Pea.sant.s, 217-77, 416, 4J8, 
420, 421, 428, 429; agricul¬ 
ture of, 211; antiquity of, 
223; attachment of, to the 
land, 221; beliefs of. 237; 
eharactcrislics of, 246; defi¬ 
nition of, 220; diet of. 226; 
differentiation of, from 
tribes, 421; economy of, 250, 
256, 1152; freedom' of, 266; 
life of, 217, 240; and pas¬ 
toral ways, 56-61; social 
regions of, 269; wars of, 245, 
268, 418 

Pi;at, 207, 227, 230, 231, 340, 
42.5. 513, 782, 917, 918, 1011 
Peeatonica R., 726 
PccUculus, 795 

Peiping (Cliina). 24, 368, 369, 
531, 532 

Pi'iping National Uiiivcrsitv, 
1053 

Pc'king man, 51, 117, 411 
Pelagic, 496, 506 
Pc’llagra, 824 
Peloe, Mt., 436, 462, 466 
Pelion, Mt., 188 
Pelcponnesus (Greece), 7 9, 

181, 186 
Penda, 693 
Pendler, 246 
Peneplain, 466, 938 
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Peninsular India, 324, 325, 326, 
330,454 
rcnnisi'tum, 287 
Poniis\ hania, 64, 124, o6/, 

369, 370, 371, 372, 373, 374, 
375. 407. 419, 424, 552, 527, 
1010 

Vvutis\ 1\ iiniii Hiiihoad, 575 
Pcnn.s\Iranian period, 5’51, 354 
JVoria (Hi.), 369 
Peorian period, 505 
PEP; see BritisJj I'olitieal and 
EeoiHJiiiic J^lalining 
Peppergrass, 750 
Perennial r\’e grass, 749 
Periodic tal)le, 1 143 


Pliosphatc. 48V, 488. 4S9, 497, 
,501, 519, 1011, 1023 
Phosplionis. 663, 732. 10 >0 
Photoeleelrieilv, 1018, W\0 

Photon, 1015, iOKh 1017. 1019 
PJiotosvTithesi.s, 557, 621, 66 ), 
1015, 1019-20, I03t), 1072, 
1073, 1085. 11 N: inorg.iiiie, 
1020 

PhreutopLytes, 557 

P/in/^tma/l88 

Plirvgia, 166 

Physical clieinislrv, 1053 

Pljysical geography, 621 

Pljvsic'al sc*ienc<‘.s, 1105, 1134 

Ph'vsies, 544, 690, 963, 1015, 


Plains, 413, 743, 744, 748; allu¬ 
vial, 531; short-grass, 744, 
747 

Plains Indians (U.S.), 742, 

744, 779, 780, 786 
Planet, 1113, 1114, 1125, 1142, 
1146, 1147, 1150, 1151 
Plankton, 488, 489, 501, 519, 
842, 843 

Planning, 442, 954, 963, 1110, 
1112,^1122, 1123, 1125 
I’lant climax, 354 
Plant communities, 677—91 
Plant ecology, 516 
Plant nutrients, 779 
VJantago hmccohitd, 225, 227, 


iVnp/u.y, 119, 692 1054, 1056, 1063, 1081, 750 

PtTmiaii period, 351, 354 1091; atmospheric, 608, 614; Plantains, 750 

Persia, 79, 165, 174, 179, 180, inatlH'm.'itical, 1053, 1055, Plantation. 62. 63, 65, 430, 431. 


279, 292, 297, 367, 1106, 
1125; see also Iran 
Persian Gulf, 201-95, 305, 373, 
509-10 

Pcr.sonalitv, 1141, 1143, 1145 
Pern, 63.'160, 161. 489, 491, 
495. 795, 854, 859 
I’cni (airrcnt, 489, 492 
Pest ( Hnngarv), 593 
Pestilence,' 825, 936 
Pests, 738, 796, 797 
Peten i, Chiatemala), 695 
Pelroleiiin, 368, 369, 370, 372, 

375. 380, 854, 875, 877, 883, 
988, 1010, 1012, 1013, 1014, 
.1025, 1031; consumption of, 

376. 481; production of, 379; 
sec also Oil 

Petroleum Creek, 370 


1060, 1065, 1108 
Physiogr.aphv, 313, 346 
Physiology, 840 

P/uftolneea americana, 773, 774 
Phytoplankton, 489, 842. 843 
Picardy (France). 1079 
Picea faJcala .sitcheiisls, 516 
Pi(’n Canal (Cliina). 533 
Pietv, filial. 934, 1059 
Pig,' 139, 143, 145. 166, 170, 
225, 233, 236, 283, 285. 290, 
297, 415, 753, 754. 927 
Pig iron, 1023, 1024, 1025, 
1027, 1028, 1031 
Pillars of Hercules, 692 
Piltdown man, 115 
Pimitoiii (III.), 369 
Pinal County (Ariz.), 6 
Pine, 125, 183, 184, 185, 186, 


702, 709, 710 

Planting stick; see Digging 
.stick 

I’lauts, 454, 744, 791-94, 944, 
1057; and animals, 414; cul¬ 
tivation of, 143, 383, 385; 
dom(\stiealiori of, 87; evolu¬ 
tion of, 80; geography of, 
700; and man in India, 332— 
34; and origin of .species, 52; 
physiology of, 666; products 
of. 678; siu‘C(*ssion in, 121. 
354, 516, 941 
Pla.smodium, 825 
Platte R„ 353, 354 
Pleasure, 1001, 1003, 1005 
Pkustocene period, 51, 52, 53, 
54, 106, 115, 117, 119, 278- 
83, 308, 309, 310, 311, 312, 


Petroleum distillate lamps, 371 
Petroleum refineries, 392 
Petsamo ( U.S.S.R.), 857 
Peyote, 952 
Phalanx, 166, 167 
Phascolus, 332 
Pheasant, 170, 800 
Philadelphia (Pa.), 361, 370, 
371, 372, 373, 382, 393, 395, 
441, 522, 527, 567, 868 
Philij)pi, 73 

Philippines, 126, 325, 518, 682, 
692. 693, 695, 698, 701-2, 
703, 812, 979 

Philosophy, 406, 1053, 1096, 
1109, l'l27, 1128, 1144 
Phoenicians, 166, 168, 522 
Phoenix (Ariz,), 553, 1010, 
1020, 1075 

Phoenix, 308; P, sylvestris, 334 
Phormium teriax, 751 


188, 204, 207, 412, 414, 419, 
581, 679, 685, 698, 723, 724 
Pingh.siang (China), 157 
Pinus austriaca, 516; P. Corsi¬ 
cana, 516; P. lariclo, 755; P. 
maritirna, 516; P. polustris, 
412; P. ponderosa, 755; P. 
radiata, 755; P. strobus, 724 
Pipal tree, 711 
Pipeline, 866, 875, 8.77 
Piper nigrum, 332 
Pithecanthropus, 104, 105 
Pittsburgh (Pa.), 367, 372, 
374, 480, 587, 1010 
Pittsburgli Conference on Ana¬ 
lytical Chemistry and Ap¬ 
plied Spectroscopy, 1111 
Placer mining, 552, 859, 927 
Plague, 468, 818, 819, 824,825, 
936 

Plaice, 496, 497, 498, 501 
Plaidt (Germany), 141 


313, 314, 315, 320, 351, 352, 
354, 358, 410, 411, 454, 455, 
456, 471, 475, 505, 554, 567, 
700, 703, 766, 918, 922, 925, 
940; see also Ice Age 
Plenty, 987, 994, 1001, 1003, 
1005, 1075 

Pliocene period, 104, 106, 115, 
117, 305, 309, 313, 320 
Plow, 68, 69, 79, 166, 171, 
190, 196, 226, 228, 236, 249, 
250, 251, 252, 253, 254, 328, 
329, 340, 345, 353, 356, 424, 
685, 704, 705, 738, 746, 780, 
883, 957, 1048; steel, 417, 
731 

Plow agriculture, 249-53, 417; 

see also Agriculture 
Plum, 170 

Plutonium, 832, 1076 
Pluvial period, 304, 310, 312, 
313, 320, 325, 455 
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PlvTiiouth (England), 436 

To 1 lai, Gnlf of, 467 

Po K.. 185, 467, 507, 509, 511, 
531,872 

Poii, 749, 755; P. annua, 749; 
P. caespitosa, 751, 755; P. 
coicnsoi, 751; P. maniototo, 
755; P. nevadensis, 685; P. 
pralcnsU-, 730, 755 
Poclnitla (Mexico), 462 
Pocket gopher, 730, 748, 784 
Podsolizalion, 226, 228, 1039 
Fodu, 693 

Poch) scmhaheti, 710 
Point Barrow (Alaska), 492 
Point Hope (Alaska), 492 
PokcNs eed, 773, 774 
Poland, 139, 197, 203, 936 
Polder. 512, 513, 514 
P«/i.s. 19, 166, 167, 168, 174 
Political cc'Onoiny, 1098 
Political science, 1123 
Politic s. 442, 968, 1061, 1081, 
1090 

Pollrn. 121, 189, 225, 227, 283, 
475. 729, 764 

Pollen analysis, 53, 139, 144, 
147, 189, 700 
Pollen diagrams, 282 
Pollutants, 588, 591 
Pollution, 391, 392, 519, 551, 
552. 556, 586, 595, 600, 601, 
603, 810, 997, 1074, 1148; 
industrial, 1147 
Polynesia, 95 
Pomegranate, 170 
Pomerania ( Germany), 196, 

198. 267 

Poino Indians, 119 
Pompeii, 461 
Pondosa pine, 755 
Pongidae, 105, 1065 
Pontine marshes, 171 
Poona (India), 932, 934 
Population, 338, 405, 423, 433, 
437, 438, 441, 512, 672, 678, 
680, 708, 711, 743, 828, 845, 
883, 885, 889, 924, 930, 931, 
936, 939, 991, 1029, 1031, 
1049, 1073, 1078-81, 1086, 
1089, 1094, 1107, 1115, 

1119, 1123, 1124, 1141; 

change in, 981, 982, 983; 
checks on growth of, 330; 
concentration of, 897; con¬ 
trol of, 1006; decline of, 949; 
density of, 337, 346, 886, 
887, 888, 920, 990; dispersal 
of, 695; dynamics of, 1118; 
estimates of, 972; growth of. 


404, 476, 935, 970-86, 990, 
996, 1027, 1076; increase in, 
389, 394, 937, 995, 1011, 
1116,1117, 1118; movement 
of, 106; pressure of, 984, 
1039; relation of, to re¬ 
sources, 1079; resettlement 
of, 442; shift in, 441; spiral 
of, 970-76; urban, 886 
Populus, 516 
Porja Irilic, 327 
Ik>rph\Ty copper, 855, 860 
Port, 506, 522-25, 527, 528, 
.539; see also Harbor 
Port Royal (Jamaica), 464, 465 
Port Sunlight (England), 393 
Portaikos R., 6S3 
Portland (Me.), 374, 872, 8 73 
Portland (Ore.), 887 
Portugal, 188, 494 
Portuguese, 341, 405 
Poseidon, 166 

Potassium, 443, 651, 653, 6563, 
664, 665, 782, 831 
Potato, 158, 229, 231, 231, 241, 
251, 255, 331, 390, 581 
Potato blight, 790 
Potomac R., 875 
Potsdam ( Germany ), 590 
Pottery, 166, 174, 226, 229, 
283, 290, 341, 388, 390, 443, 
702; painted, 289, 290, 291 
Pottsvilic (Pa.), 370, 372 
Power, 377, 390, 738, 816, 8 17, 
884, 997, 998, 1075, 1083, 
1084. 1093, 1099, 1101, 

1112, 1123, 1143, 1150, 1152 
Powhatan Indians, 120 
Prague (Cechoslovakia), 799 
Prahdan tribe, 327 
Prairie, 65, 121, 124, 126, 127, 
128, 129, 350, 413, 417, 427, 
428, 569, 697, 698, 700, 703, 
726, 728, 729, 731, 732, 737, 
738, 739, 743, 744, 749, 751, 
780; .short-grass, 352; tail- 
grass, 352 
Prairie chickem, 779 
Prairie dog, 730, 748 
Prairie June grass, 749 
Prairie sand grass, 739 
Pre-Cambrian period, 340, 453 
Precipitation, 153, 458, 547, 
556, 557, 568-70, 572, 573, 
575, 576, 592, 593, 608-16, 
657, 738, 751, 932, 1074, 
1075 

Prehistoric origins, 223-26 
Prehistory, 104, 304 
President's Materials Policy 
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Commission, 856, 987, 991, 
1023,1025 

Presqu’ilc dii Cap Vert (Stme- 

gal),7 

Prestige, 1101. 1150 
Pribilof Is., 404 
Price, 1075, 1085 
Prickly pear, 730, 741 
Prickly poppy, 730 
Primate;, 105, 115, 117, 453 
Primitivism, 19, 29, 76, 95 
Primogeniture, law of, 405 
Princeton University, 1125 
Principate, 176, 177 
Principle, ethical, 1090 
l^roblein: of definition, 350-53; 
ethical, 481; of water, 478— 
80 

Procretion, 1120 
Production, 885, 1026; agricul¬ 
tural, 884, 984, 989, 991; in¬ 
dustrial, 984, 991, 992; of 
minerals, 481; surplus, 432 
Producti\'(.’ laziness, 949 
Productivity, 988, 999 
Profit, 1143, 1150 
Progradation, 504, 519 
Progress, 68, 86, 110, 950, 990, 
1007, 1082, 1096, 1097, 

1100, 1101, 1121, 1128, 1136 
Project Cirrus, 607, 611, 612, 
615, 616 

Pronghorn, 739, 742, 744, 745, 
748 

Prosopis, 741, 747 
Prosperitv. 956, 957, 987, 994, 
999, 1002, 1006, 1007, 1008, 
1009, 1085 

Protein, 443, 658, 659, 663. 
664, 665, 668, 670, 672, 729, 
781, 782, 920, 921, 937, 940, 
1072, 1073, 1079, 1080, 1086 
Protestantism, 444, 776 
Proto-Dravidians, 325 
“Proto-Turks," 293 
ProveiK'e (France)» 178 
Provo (Utah), 554 
Priim (Cermany), 195 
Prus.sia (Germany), 198, 266, 
267 

Psychiatry, 821 
Psychology, 1086 
Psychoses, 1140 
“P.sychozoic era," 86 
Pthirius, 795 
Public domain, 701, 1038 
Public health, 480, 808 
Public Health Service (U.S.), 
587, 796 

Public opinion, 1110 



1184 


Mans Role in Changing the Face of the Earth 


Public “w elfare” clause, 92 ) 
Public works, 161 
Pueblo IiicJians, 156 
Puerto llieo, 611, 826, 827 
Puisaye ( Franee), 195 
Piilvar K., 25 

Pumps, 426, 512, 514, 552. 55S, 
582, 1074 
Puncture vine*, 750 
Punic War, 171 
Punjab (India), 157, o25, 326, 
327 

Purification, 558; natural, 809 
Purple moor grass, 782 
Puszta (Hungary), -01 
Pyramid, 12, 375, 387, 439 
Pyrenees, 1S4, 185, 218, 220, 
229 

Pyrenees-Orientales (Franee), 
36 

Pyrite, 1023, 1031 
Pyropliyle, 124, 697 

Quhail 297 
Quac k grass, 731 
Quail, 799, 800, 1118 
Quakers, 490 

Quantum mechanics, 1063 
Quarantine, 790, 796, 801, 818 
Quartz, 1072 

Quaternary, 196, 278, 454 
Qucibc'c (Canada), 76, 873 
Quebec City (Canada), 873 
Quince, 170 

Rabbit, 170, 660, 661, 748, 749, 
753, 754, 755, 756, 790, 799, 
927, 1072, Ills 
Rabbit brush, 685, 688 
Rahi, 330, 331 
Radiant energy, 1015, 1020 
Radiation, 574, 589, 592, 844, 
845, 846, 937, 1147, 1148; 
atmospheric, 589-90 
Radio, 442, 886; recc'ption effi¬ 
ciency of, 654 

Radioactivity, 831, 838, 840, 
842, 1144, 1148; sec also un¬ 
der Atomic; Nuclear 
Radiocarbon datings, 139, 700; 

sec also Carbon-14 
Radioiodine, 839 
Radionuclids, 847 
Radish, 170, 332, 763 
Radium, 1144, 1148 
Ragusa (Italy), 187 
Railroads, 345, 360, 361, 352, 
375, 390, 391, 392, 393, 394, 
395, 396, 428, 440, 531, 539, 
722, 731, 738, 865, 866, 867, 


868, 873, 883, 93 J, 933, 

1049, 1116, 1127; and land- 
mass’ pow’cr, 356 -57 
Rain-beat. 622, 626 
Rain forest, 61 I 
Rain gauge;, 573 
Rain sJiadow, 459 
Rainfall; see Precipitation 
Rainmaking, 568, 614, 997 
Rainstorms, 616 
Raj, 1060 

Rajjiutana (India), 325, 327 
R a nia d i (I ra q ), 509 
Ramnielsberg (Germany), 195 
Range; eemservation of, 690; 
deterioration of, 748; forag¬ 
ing of, 750; management of, 
56, 750, 753, 1110 
Range caterpillar, 748 
Rang/, 98 

Raoulia Itiiesccns, 753 
Rape, 261, 333 
RapJiatius caiulatus, 332 
Rat, 798, 799, 800, 936 
Rat flea, 936 
Rath, 231,235 
Raubwirtsehaft, 85 
Ravenna (Italy), 511 
Raw' material, 474, 987, 989, 
990, 991, 992, 994, 1006, 
1023, 1028, 1030, 1036, 

1040, 1085 
Ray, 693 

Reactor, 836, 846, 1078 
Reading (England), 404 
Reason, 1097, 1098 
Rehoisement, 77 
Recent p€;riod, 51, 53, 315, 455, 
456, 943 

Recharge, artificial, 549, 551, 
558, 1075 

Reclamation, 265, 425, 512, 
514, 519, 581, 995, 1109, 
1111; direct, 512-14 
Reclamation, Bureau of ( U.S.), 
581, 995 

Reconstruction, 436, 976 
Recreation, 392, 396, 515, 516, 
548, 552, 902-3, 911, 1001, 
1004; land requirements for, 
898—901; motives for, 898; 
quality of, 906 

Recreational movement, 896— 
98 

Red brome, 750 
Red deer, 135, 754 
Red dust, 353, 354 
Red fescue, 755 
Red R., 65, 354 


Red Sea, 304, 305, 306, 318, 
498, 536 

Red-stc'mm(‘d filaree, 750 
“Red tides,” 519 
Redfish, 488, 501 
Reedbuck, 309 

Reforestation, 77, 426. 702, 
703, 707, 793, 938 
Reh)rma{i()n, 1103 
Refuse, 402, 807, 813; disposal 
of, 8M-J5 

Regensberg (Switzerland), 33 
Regiinciitation, 1083, 1097 
R(‘gina (Canada), 4 
Regional city, 396 
Regional (‘limax, 697 
Rt;gional design, 906 
Regional survey, 911 
Regions of difficulty, 219, 418 
Regolith, thickness of, 611 
Regur region (India), 463 
Reindeer, 58, 135, 137, 779, 
785 

Reindeer Coast, 785, 786 
Reindeer Lapps, 779 
Reindeer nomadism, 255 
Relativity, theory of, 1054, 
1063 

Relief, 628, 629, 875 
Religion, 19, 401, 406, 408, 
434, 1090, 1103, 1106, 1111, 
1123, 1125, 1146 
Rc'ligioms experience, 1058 
Religious prejudice, 697 
Religious values, 1106 
Renaissance, 35, 446, 1062 
Rendzina soils, 785 
Renewable resource, 66, 544, 
1074 

Reproduction, 434, 435, 659, 
983, 1072, 1120 
Republican R., 354, 355 
Rcsearc'h, 1082; co-operation 
in, 312-13, 320 
Research and Development 
Board, 584 

Reseeding, 746, 747, 751 
Resei’N'oir, 340, 386, 388, 394, 
640, 642, 643, 646, 678, 
1074, 1075; artificial, 548; 
sedimentation in, 644, 645; 
surveys of, 640 
Resin, 188, 204 

Resources, 401, 423, 433, 690, 
882, 883, 943, 994, 1002, 
1005, 1007, 1027, 1029, 

1079, 1080, 1082, 1107; 

base for, 994; biological, 
690; capital, 990, 995; con¬ 
sumption of, 1005; depletion 
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of, 1006; (Icvclupininit of, 
1166; latent, 500-501; min¬ 
eral, 476, 4S0-81, 861, 069, 
983, 1062, 1075, 1146; non- 
rcncwable, 548, 925, 1074 
Responsibility, and unificatioji, 
27, 2S, 29, SO 

Rcuthcr^u'irlsrhaft, 200, 250 
Revetment, 515, 516 
Re\oliition: ajj^rienltiiral, 61, 

166, 437, 975, 986, 1035; liy- 
clranlie, 152; the perc'nnial, 
1-11; orc;ani7.ationa], 155; 
Hrl)an, 4, 138, 152, 686, 421, 
434, 1106 

lU'viiolds number, 627, 629, 

9(i4 

Rhine R., 146, 170, 172, 173, 
195, 223. 240, 253, 467, 50!), 
516, 534 

RhiiK'land (Germanv), 169. 

J45, 174. 195, 197,872 
Rhinoceros, 317, 703 
Rhi/nine's, 516 

Rhodesia, 123, 346, 859; 5ee 
also Norlheni Rliodesia; 
Southern Rliodesia 
Rliododcmh'on, 325 
Rhone- R.. 32, 459, 509, 534 
Rhytlnn nielliod in birth eon- 
trol, 966 

Ribinsky Dam, 572 
Ribwort plantain, 225, 227 
Rice', 61, 286, 324, 329, 330, 
331, 332, 333, 339, 340, 342, 
343, 345, 383, 694, 705, 706, 
708, 773, S84, 1073, 1075 
Rice bean, 332 
Rice-growing, 695 
Rice terraces, 682, 695, 708 
Richmond (England), 393 
Richmond (Va,), 369, 597 
Rickettsia, 825, 827 
Reddi y^eople, 706 
Riga, Gulf of, 197 
Ring-harking, 225 
Ring-necked pheasant, 799 
Rio do Janeiro (Brazil), 240, 
525 

Rio Grande, 161 

Rio Grande Valley, 623, 923 

Riparian doctrine, 543 

Ripgut grass, 750 

Riss phase, 314, 315, 318 

Rissen site, 136 

River basins, 640 

River capture, 919 

River port, 528 

Roach, 795 

Road-building, 387, 1014 


Roads, 345, 387, 388, 389, 392, 
394, 397, 738, 1109; access 
to, 441 

Roadway, 392 
Ro^'a system, 341, 401 
Roccu.s, 794 

Roehdah' (England), 593 
Rock, 1030, 1072 
Rock drawings. 317, 318 
Rock Hour, 926 
Rock Island (Canada), 873 
Ro(‘k j^aintings, 317 
Rotkf'h'ller Eoiindalion, 932 
Rockv Mts., 52, 128, .151, .654, 
35.S, 67-1. 547 

Jtodent, 760, 718, 749, 751, 
755, 784 

Rodri<jnez. I., 462 
Role*, 408, 472; of animal hus¬ 
bandry. 249-.50; of man, 
103.3-67; of pasture, 252-.56; 
of transportation, 862—80 
Romagna, 171 

Homan, 31, 367, 468, 918, 92.S, 
1060 

Koinau Empire, 1.59, 171, 172, 
174, 176, 177, 178, 179, 186, 
190. 192, 406, .52.5, 818. 881, 
974, 975, 1091; population 
of, 176 

Roin.'iii Republic, 818 
llomance language, 16.5 
Romantic Age, 100.3 
Rome (Ilalv). 37, 1.56. 166, 
167, 168,'169, 17.3, 174, 177, 
185, 228, 297, .383, .385, 386, 
388, .389, 392, 394, 418, 427, 
681, 866, 881, 1091, 1106, 
1109, 1116, 1126 
Ronson's Creek, 371 
Root crops, 2.50, 251, 255, 704, 
705 

Rosen nary, 188 

Re;)thenhithe (England), 522, 
.529 

RejN'uma K., 705 
Rowan branch, 236 
Royal Air Force (Great Brit¬ 
ain), 171, 403 

Rewal Meteorological Se>cietv 
(England), 591 
Reiyal Society (Great Britain), 
201 

Ruanda people, 342 
Rnanda-Unindi, 337, 341-42 
Rubber, .641, 430, 431, 709, 
988, 1013 

Rubber plaiitatiems, 430, 701 
Ruhex, 227 
Rubidium, 836 


Ruggedness number, 629 
Ruhr R., 146, 200, 397, 596, 
1036 

Rumania, 172, 203, 287, 299. 
370 

liinnrXf 7.5.5 
Kundale, 229 230 
RundJing, 25S 265 
Runoff, 626, '10, ('>45, 651; 
changes in, .5 5; inle-n.sitv e)!, 
626, 627, 62.9. (i.UJ, 643 ' 
Kunrig. 229 
dural depopulatin, I. 88 1 
Rural se)e iety, 246, 247, 439 
liural iiud('re'inplo\ iiK'iit, 439. 
441,88.3 

Kura] ^■ersus iirl>an, .152 
Rural-urban balance, 
Knral-mban identity, 4f> 
Russia, 4, 38, 39, 64, 65. 116, 
121, 126, 129, 1.54, KG, 166, 
172, 177, 204, 207, 278. 281, 
282, 287, 289, 290, .305, .326, 
.370, 376, 429, .572, 680, .858, 
927, 10.3.5-51, 1150; .se c’ also 
Sosiet Union; U.S.S.R. 
Russian kn;.]>v\ ee-d, 7.50 
Russian ])lai.i, J0-3.5 
Russian sleppt's, 124 
Hu.ssian tliisllc*, 7-30, 74.5, 747, 
750 

Russian vs ild rye, 747 
Rye, 58, 200, 208, 210, 231, 
‘233, 234, 255, 359, 386, 765 
Ryukyu Is., 418 

Saale R., 195, 196 
Sabaean people, .319 
Sacramento Vallc\’^ (Calif.), 
749, 859 
Sagami Ray, 464 
Sage, 351, 685, 688, 741, 747, 
766, 775 

Sahara, 60, 83, 161, 172, 305, 
306, 308, 309, 310, 311, 313, 
314, 317, 318, 319, 325, 411, 
460, 707, 926; paleocliinatol- 
e)gy of, -310—11; vegetation 
ze)ne's of, 308 

Saharo-Arabian belt, 304—7 
309, 310, 311, 312, 313, 314. 
31.5, 320 

St. Augustine^ (Fla.), 462 
St. Gotthard Pass, 871 
St. John (Canada), 872 
St. John’s Wood (Englard; 
893 

St.-john’s-wort, 750 
St. Lawrence I., 493 
St. Lawrence R.. 35] 873 
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St. Lawronc'c Seaway, 538 
St. Louis (Mo.), 361, 763, 76/, 
944 

St. Mary.s R., 538 
Saint Pierre (Martinique), 462 
Saintogne, 199 
Sakf/r, 169 

Salclanlia (skull), 105 

Saliari I* ranks, 175, 192 

Saline R., 546 

Sa/rX 516 

Salland, 247 

Salmon, 407, 435, 843 

Salsala kali vnr. it'niifulia, 750 

Salt, 354, 383, 487, 551, 1015 

Salt balance, 553 

Salt bushes, 750 

Salt dome, 1078 

Salt industry, 200 

Salt Lake City (Utah), 547 

Salt marsh, 506 

Salt R., 553 

Salt-wat(‘r invasion, 426 
Salton Sea, 572 
Sahatierra (Mexico), 20 
Salvia, 770, 771, 773, 775; S. 
apiana, 766, 767; S. mellif- 
cra, 766, 767, 770 
Saniiiite Wars, 171 
Samotlirace (Greece), 184 
San Antonio (Tex.), 925 
San Diego (Calif.), 1017 
San Francisco (Calif.), 436, 
463, 464, 493, 597, 851 
San Francisco Bay, 466, 748 
San Jose (Calif.), 549 
San Juan R., 536 
San Rafael de Mucuchies (Ven¬ 
ezuela), 689 
San Sebastian, 491 
San'a (Yemen), 319 
Sanborn Field (Mo.), 65S 
Sand, 516, 818 

Sand dunes, 83, 204, 307, 352 
Sandfly, 827 
Sandfly fever, 825 
Sandstone, 628 
Sanitary fill, 815 
Sanitary science, 819 
Sanita.s\ 817 

Sanitation, 468, 811, 815, 817, 
826; environmental, 827, 937 
Santa Ana (El Salvador), 813 
Santa Fe (N.M.), 741 
Santa Fe Railroad, 360 
Santa Rosa (Calif.), 464 
Santal tribe, 327. 710 
Santiago Agreement, 495 
Santo Domingo, 62 
Saora tribe, 327 


Santas, 710 
Sarpe'don, 184 
Sarf. 192, 195 

Saskatelievvan (Canada), 4 

S-.issufnis, 725 

Sassafras silt loam, 577 

Satellite suburb, 411 

Satellite towns, 442 

S'aiilt Sainte Marie Canals, 538 

Saury Pikc\ 488 

Saiivi'tf's, 194 

.Savanna, 126, 136, 338, 352. 
413, 416, 697, 698, 699, 700, 
702, 703, 707, 726, 728, 732, 
763. 764 

Save-the-Redwoods League, 

100 

Savoka, 339, 700 
Sawah, 695, 696, 708 
“Saxo-Thuringian Corded- 
ware” culture, 145 
Saxons, 196, 522 
Saxonv (Gennanv), 195, 248, 
267,268,383 
Scabweed, 753 

Sc'andinavia, 141, 144, 146, 

169, 172, 176, 177, 191, 196, 
217, 228, 412, 419, 933; 
^^'estcrn European connec¬ 
tions of, 218 
Scarlet fever, 432, 935 
Schan Valiev, 325 
Schelde R., 467 
Scheldt R., 513 

Schenectady (N.Y.), 607, 612 
Schistosomiasis, 825, 827 
Schleswig-Holstein (Germany), 
146, 196, 268 

Schoellenen (Switzerland), 872 
Science, 678, 950, 1005, 1006, 
1035, 1036, 1037, 1048, 

1053, 1054, 1088, 1090, 

1092, 1103, 1104, 1105, 

1109, 1120, 1123, 1127, 

1139, 1140, 1147, 1152; 

agricultural, 169; creative 
power of, 1036 
Scientific and Indu.strial Re¬ 
search, Department of (Great 
Britain), 590 
Scientific method, 946 
Scientific revolution, 20 
Scirpus caespitosa, 782 
Scombresox, 488 
Scotch fir, 204 

Scotland, 87, 172, 176, 177, 
220, 229, 233, 236, 368, 374, 
784, 813, 955 

Scottish Highlands, 225, 781 
Scottish Lowlands, 174 


Scrub, 698, 748, 927 
Scrub control operations, 748 
Sculpture, 1055; Grc(‘k, J062 
Sevthians, 121, 292, 293, 2.94- 
95 

Sea, 1152; size and depth of, 
487 

Sc*a breeze', 459 
Sea f'lephant, 494 
Sea llc'rse Is., 492 
Sea level, 919; changes in, 51; 
eustatic change's in, 279, 283, 
284, 504; eustatic rist' of, 
513; glacial-eustatic oscilla¬ 
tions in, 505; maximum, 918; 
rise of, 455, 505, 506, 548, 
917 

Sea otter, 494 
Sea powt'r, 440 
Sea salt partich’s, 611 
Sea walls, 4. 507. 515, 516 
Sea water, 487, 853, 1031; arti- 
fic'ial, 487; color of, 488 
Sea wa^'es, 458 

Scabrook Farms (N.J.), 424, 
425, 575, 576, 581 
Seattle ( Wash.), 862 
Seaweed, 490, 501, 518 
Sebastes, 488 

Secondary forest, 431, 700, 

707, 708 

Security, 436, 1004, 1101, 1145, 
1150; physical, 387 
SediirK'nt. 542, 552; acc urnula- 
tion of, 642; deposition of, 
640 

Sediment load, 632; measure¬ 
ment of, 640 
Sediment production, 64.3 
Sediment yield, 639—46 
Sedimentation, 509, 512, 518, 
519, 622, 637, 678, 682; in 
rivers, 507 

Seine R., 17, 142, 534 
Seismic sea wave, 464, 465 
Scldncr, 242 
Seleuceia, 159 
Seleucid Empire, 169, 170 
Self-confidence, 21 
Self-consciousness, 1088 
Self-transcendence, 1093 
Self-transformation, 1088,1095, 
1145, 1152 
Sema tribe, 327 

Senegal (French West Africa), 
7, 305, 306, 308 
Sensed objects, 1054, 1059 
Sensed time, 1055 
“Sepatatc Grave II” culture, 
145 
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Sc(^\ioius, 124 
Sori\pt.*\im, 1120 
Serbia, 187, 188, 197 
Serrai ( Greece), 689 
Scr\al panther, 309 
Sesainum, 170, 331, 333 
Sctaria italica, 285 
SeUleinent, 265, 584; forms of, 
264; patterns of, 258, 265, 
404; structure of, 245, 267; 
urban, 396 
Sc\ille (Spain), 62 
Sewage, 480. 498, 543, 551, 
552, 555, 558, 808, 810, 813, 
814. 827; disposal of, 443, 
649, 810; land treatment of, 
810; organic matter of, 809; 
purification of, 808; rc-nse 
of, 814; and sludge, 813; 
treatment of, 813 
Sc'wage w orks, 394 
Sewer, 386, 388, 531, 554, 807 
Sex, 266. 944, 1094, 1141 
Sluing dynasty, 291, 723, 926 
Shanghai (China), 531 
Sluinsi (China), 84, 369 
Shantung (China), 297, 467 
Sluir Planina region, 188 
Shatt-al-Arab, 510 
Sheep, 60, 63, 97, 139, 145, 
146, 166, 170, 187, 188, 226, 
233, 285, 286, 289, 294, 295, 
297, 316, 358, 360, 361, 415, 
417, 475, 680, 685, 723, 738, 
741, 742, 744, 745, 746, 747, 
748, 750, 751, 753, 756, 779, 
780, 781, 782, 842, 923 
Sheep-breeding, 171, 403, 414 
Sheep-grazing, 404, 754, 784 
Sheep Imsbandry, 753 
Sheep-raising, 265 
Sheepskin, 928 
Sheet deposition, 622 
Sheet (Tosion, 476, 627, 633, 
639, 642, 643, 644 
Sheet flow, 624 
Sheksna R., 206 
Shell mcninds, 283, 402, 507, 
518, 919, 920, 921 
Shellfish, 501, 504, 506, 507, 
508, 518 

Shelter, 386, 525, 527, 584 
Shelter belt, 128, 569, 1044, 
1046, 1050 

Shenandoah Valley, 125 
Shensi (China), 43 
Shibam (Aden Protectorate), 
42 

Shiblyak, 188, 773 


Shifting agriculture, 694, 695, 
696, 701, 703, 704, 708, 710 
Shifting cultivation, 251, 328, 
330, 338, 693-95, 709; in 
Panama, 679 
Ship, 376, 390, 490, 883 
Ship canals, 539 
Shipbuilding, 166, 187 
Shipyards, 1037 
Shiva (god), 326 
Short-grass area, 739 
Shropshire (England), 200 
Shrubs, aromatic, 188 
Shu (culture hero), 402 
Si R., ,531 

Siam, 826; see also Thailand 
Sian (China), 43 
Siberia, 53, 172, 176, 278, 281, 
290, 291, 1036, 1041 
Sicily (Italy), 161, 170. 171, 
184, 185.'305, 320, 462 
Sidon, 997 
Sieg K., 146, 200 
Siegerland (Germany), 252 
Sierra Madrc Oriental, 784 
Sierra Nevada, 124, 128, 463, 
465, 749 
Sila Mts., 185 

Silesia (Germanv), 196, 267, 
857 

Silicon solar battery, 1015,1018 
Silk, 178, 1013 
Silk road, 285, 290 
Silk-weaving, 178 
Silkworm, 178, 794, 1013 
Silt, 479, 634, 695 
Silurian, 454 
Silva Carbonnaruiy 192 
Silver, 166, 187, 195, 420, 928 
Silver fish, 795 

Silver iodide, 608, 610, 614, 
615, 616 

Sinai (Egypt), 304, 309 
Sinanthropus pckincrisis, 105, 
117; see also Pekin man 
Sind (Pakistan), 325 
Single-factor analysis, 872, 
1148 

Singpho tribe, 327 
Singular points, doctrine of, 
1143 

Sinkiang (China), 291 
Sioux Indians, 355 
Sitanion, 749 

Site, 441, 862; acheological, 
703 

Siwalik formation, 325 
Skara Brae site, 225 
"Skin-ouP^ biology, 930 


Slash-and burn agriculture, 140, 
252, 431 

Slash-and-burn economv, 250 
Slav, 58, 195, 197, 205, 265, 
1039 

Slave and sla\ tu y, 62, 168 
Slav ic people's. 1035 
“Slip,” 522, 525. 529 
Slippery elm, 726 
Slope, 628, 630 rediiclion of, 
632 

Slope errosion, 621, 622, 624, 
627, 629 

Slope wash, 622, (> 4), 634 
Slovakia (Czechoslovnkia), 198 
Sludge, activat'd, 810. 811 
Slum, 823, 901, 902, 1064 
Small Ilythc (England), 522 
Smallpox, 789, 820, 825, 976 
Smog, 588, 827 
Smoke, 568, 587, 611; control 
of, 587, 591 
Smoke generators, 572 
Smolen.sk ( U.S.S.R.), 207 
Snail, 797, 827 
Snake, 798 
Snake R., 555 
Snow% 614 
Snow crystals, 609 
Snowfall, 595-96, 600 
Soap, 390, 1014 
Social anthropc'jlogy, 945 
Social medicine, 945 
Social science, 1081, 1086, 

1096, 1102, 1127, 1133, 

1134, 1136 

Social service, 1003, 1004 
Socialism, 1104 

Society, 1060; Germanic, 246; 
industrial, 886, 890, 934, 
1023; integration of, 951; 
origin of and c'hange in, 71; 
primitive, 1095, 1098 
Sod, 478, 741,749, 883, 923 
Sod-burning, 704, 706 
Sod grasst's, 751 
Sod hou.se, 360 
Sodium, 554, 651, 653 
Sodium sulfate, 1016 
Soft chess grass, 750 
Soil, 71, 84, 241, 265, 282, 317, 
329, 341, 343, 344, 345, 346, 
353, 354, 359, 382, 383, 390, 
396, 402, 403, 404, 405, 413. 
426, 429, 430, 432, 443, 454, 
476, 478, 514, 553, 573, 574. 
575, 577, 578, 623, 624, 630, 
633, 639, 644, 648-70, 684, 
688, 696, 704, 709, 730, 733, 
744, 749, 770, 782, 783, 788, 
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824, 831,840, 841, 860, 862, 
890, 918, 937, 940, 942, 943, 
969. 995, 996, 1039, 1042, 
1071-73, 1074, 1103, 1107, 
1146, 1150, 1152; capacity 
of, to absorb water, 425; 
capabilities of, 428; compac¬ 
tion of, 577, 578; conserva¬ 
tion of, 578, 639, 648, 690, 
942, 1110; covering of, by 
urban expansion, 650-51; 
depletion of fertility of, 180, 
670; destruction of, 180, 670; 
deterioration of, 700; erosion 
of, 63, 79, 80, 84, 85, 188, 
241, 251, 252, 417, 431, 476- 
77, 512, 644, 649, 678, 684, 
688, 733, 751, 896, 908, 911, 
939 (s£?c also Erosion); ex¬ 
ploitation of, 672; fertilizers 
for, 85; heating of, 574; lim¬ 
ing of, 663; moisture in, 556, 
576, 577, 578, 581, 654, 
1075; permeability of, 426, 
554, 556; physical changes 
in, 650; productivity of, 646, 
672; reduction in permea¬ 
bility of, 479; structure of, 
425, 557, 578, 630; volcanic, 
343, 609 
Soil acidity, 663 
Soil Association (Great Brit¬ 
ain), 911 

Soil-burning, 704, 706 
Soil chemistry, 664 
Soil colloid, 648 
Soil community, 649, 666 
Soil Conservation Service 
(U.S.), 571, 684, 995 
Soil creep, 622 

Soil fertility, 72, 241, 250, 443, 
444, 648, 656, 661, 663, 707, 
813, 829, 907 
Soil horizons, 354 
Soil management, 662, 665, 666 
Soil microbes, 649 
Soil profile, 477, 623, 639, 688 
Soil science, 64, 544, 906 
Soil water, 656; recharge of, 
575; utilization of, 575 
Solanum meloiigena, 332 
Solar energy, 473, 624, 733, 
843, 940, 998, 1015, 1016, 
1017, 1018, 1020, 1074, 

1076, 1077; capture of. 1015 
Solar furnace, 1017, 1018 
Solar radiation, 572, 574, 1015 
Solar still, 1017 
Solar stove, 1017, 1018 
Solar system, 831, 1113, 1137 


Solitudines, 190 
Somaliland, 306 
Somerset (England), 9 
Somme R., 198 
Sonchus asper, 750 
Sondereigentum, 255 
Sonora (Mexico), 60, 463 
Sorghastrum nutans^ 730 
Sorghum, 287, 324, 332, 353, 
360, 694, 701, 750 
Sorrel, 755 

Sound, 1055, 1056, 1058 
Sourastra (India), 327 
South, the (U.S.), 434, 439 
South Africa, Union of, 65, 116, 
120, 123, 411, 747, 793, 813, 
866 

South America, 63, 64, 119, 
122, 126, 161, 324, 410, 495, 
538, 547, 694, 788, 790, 797, 
825, 826, 993, 1030 
South China Sea, 279, 281 
South Dakota, 745, 854, 860 
South Georgia I., 493 
South Island (N.Z.), 737, 751, 
754, 755, 756 
South Seas, 2, 826, 1091 
Southeast Asia, 103, 105, 402, 
411, 1030 

Southern Railway, 864 
Southwest (U.S.), 52, 60, 641 
Soviet State Planning Commis¬ 
sion, 1050 

Soviet Union, 570, 1023, 1035- 
50; see also Russia; U.S.S.R. 
Sow thistles, 747 
Soybean, 67, 241 
Space, widening scale of, 12, 
27 

Space relations, 435 
Spain, 17, 36, 38, 40, 78, 83, 
99, 135, 160, 161, 165, 166, 
167, 168, 169, 170, 173, 176, 
178, 185, 187, 188, 287, 384, 
494, 537 

Spaniards, 63, 156, 406, 416, 
763 

Spanish, 62, 641, 701 
Spanish America, 63, 64 
Spanish chestnut, 184 
Sparrows Point (Md.), 814 
Sparta (Greece ), 385 
Spartina townsendi, 516 
Species, 412, 472, 930, 946, 
1125, 1138 

Specialization, areal, 863 
Speech, 54, 1135 
Sphaera, 103 
Spider, 797 


Spitsbergen (Norwav), 324, 
491 

Sponge-iron process, 1028 
Sporobolus cryptandrus, 739 
Sport. 798, 799, 1100 
Spruce, 204, 207, 722 
Spruce grouse, 780 
Squash, 773 
Squid, 493, 501 
Squirreltail, 749, 750 
Stadlkreise, 887 
Stalino (U.S.S.R.), 1049 
Standard of living, 66, 882, 
988, 990, 1049, 1064, 1080, 
1099 

Stanford Research Institute 
(Calif.), 1017, 1020 
Starling, 799, 800 
State, theory of, 1108 
State Planning Commission 
(U.S.S.R.), 1048 
Statistics, 828, 948 
Status, 1060, 1108; law of, 
1060, 1061, 1063. 1108 
Steady state, 351, 938 
Steam, 446 

Steam engine, 371, 372, 390, 
446 

Steam locomotive, 357, 390, 
866, 1127 

Steam railroads, 864 
Steam turbine, 376 
Steamboat, 357, 867 
Steamships, 376, 883 
Steel, 173, 178, 210, 390, 391, 
477, 852, 856, 858, 866, 989, 
1012, 1023, 1024, 1025, 

1027, 1029, 1077 
Steel mills, 867 
Stela, 692 

Steller's sea cow, 490, 501 
Steppe farming, 297, 299; cul¬ 
ture of, 286 

Steppe heath, 144, 189 
Steppes, 184, 204, 205, 279, 
280, 285, 286, 287, 288, 289, 
293, 294, 297, 340, 402, 456, 
458, 782, 1042, 1048; of cul¬ 
ture, 896 

Stettin (Poland), 218 
Stipa, 353, 739; S. pulchra, 749 
Stock-breeding, 139, 140, 383 
Stock-raising, 146, 223 
Stockholm ( Sweden), 535 
Stcokholm School of Econom¬ 
ics, 873 

Stoicism, 1123, 1126, 1128 
Stone Age, 116, 135, 136, 309, 
310, 320, 407, 766, 1127, 
1142, 1152 
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SiovK! implements, 2.25, 2S2, 
411. 475 

Storm drains, 807 
Storm sewer, 601 
Storms, 608, 611, 926; modifi¬ 
cation of, 614, 615 
Strand, 504, 515 
Strand dunes, 517 
Stream, 552 
Str(‘am channel, 645 
Stream discharge, 543, 545 
Stream flow, 548, 553 
“Stress” diseases, 820 
Strip cropping, 251 
Strip mining for coal, 377 
Striped bass, 794 
Strontium, 836, 840, 843 
Structure: of peasant econom¬ 
ic hindscape, 253—60; politi¬ 
cal, 154; social, 93, 96, 246, 
951, 958 
StrychnoSj 330 
Stuttgart (Germany), 278 
Styria, 197, 265 
Subsistence, 890, 940, 1039, 
1040, 1115, 1116; and com¬ 
mercial economies, contrast 
between, 949 
Subsistence variable, 1081 
Suburb, 392, 393, 394, 445, 
887, 889 

Suburbia, 393, 396 

Succa.se site, 145 

Succession, 351, 938, 1127; 

ecological, 697, 1100 
Suchen culture, 290 
Suchow (China), 532 
Sudan, 13, 124, 168, 176, 287, 
306, 316, 317, 337, 705, 706 
Sudeten Mts., 197 
Sudras, 326 

Suez, Isthmus of, 304, 314, 320 
Suez Canal, 498, 536, 537, 538, 
539 

Sugar, 334, 666 
Sugar beet, 390, 1019 
Sugar cane, 61, 62, 63, 157, 
324, 331, 332, 390, 694, 800 
Sugar maple, 724, 726 
Sugar palms, 431, 708 
Suicide, 1006, 1091, 1112 
Suk tribe, 156 

Sulfur, 368, 369, 463, 852, 
1023, 1030, 1031 
Sulfur dioxide, 589, 591 
Sulfuric acid, 391, 1029, 1031 
Sulu archipelago (Philippines), 
703 

Sumatra (Indonesia), 121, 122, 
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430, 692, 693, 695, 698, 700- 
701, 704, 708, 709, 710, 711 
Sumbawa (Indonesia), 278 
Sumer, 285, 296, 510, 920 
Sun, 574, 831, 1011, 1016, 
1056, 1072; see aha under 
Solar 

Sun-god, 457 
Sunda Strait, 462 
Sundanese, 695 
Sunflower, 764, 766, 76'9, 770 
Sung dynasty, 881 
Sunshine, 1017 
Sunshine Unit, 1017 
Sunspot, 547 

Superior, Lake, 538, 855, 875 
Supernov'at;, 1115 
Surface features, 572 
Surface resistivity, 635 
Surface water, 556 
Surinam, 859 

Surplus, 433, 989; agricultural, 
68, 438, 1037; economic, 
1100 

Survival, 1007, 1137, 1140, 
1144, 1145; activity for, 

1002; of tlie fittest, 446 
Susquehanna R., 370, 371, 875 
Suxovci, 1041, 1044 
Swamp, 384, 512, 517, 554, 
585, 700, 1074 
Swansea (Wales), 858 
Sweden, 121, 210, 218, 229, 
535, 549, 596, 873, 975, 979, 
1117 

Swine, 194, 225, 250, 404, 723, 
798; Feeding of, 191, 193 
Switch grass, 730 
Switzerland, 33, 38, 40, 123, 
223, 229, 233, 443, 601, 872 
Synoecism, 386 
Synthesis, 1132 
Synthetic food, 1086 
Synthetic rubber, 1012-13, 
1015 

Syr Darya, 517 
Syracuse (Italy), 169, 385 
Syria, 166, 173, 174, 175, 179, 
279, 285, 286, 287, 297, 316, 
317, 525 

Syrian Christians, 329 
Syrian Desert, 175, 403 
Systems: alluvial, 919; biologi- 
" cal, 1073 

Szechwan (China), 84 

Taal V’’olcano, 703 

Taboo, 225, 710 

Taconic State Parkway, 392 


Tacoiiite, 85.5, 1012, 1029, 

1031 

Tagal, 693 
Tahr, 754 

Taiga, 285, 458, 721 
Taima (Arafua), 297 
Taliev, 204 
Tallow, 1014 
Taman Peninsula, 166 
'I'amatave (Madagascar), 706 
Tambora, Mt, (Indonesia ), 462 
Tamiala ( Nyasaland ), 711 
I’ananarive (Madagascar), 340 
Tancitaro, Mt. (Mexico), 462 
Tanc, 98 

T’ang dynasty, 416 
T.mganyika, Lake, 161, 337 
'Tanganyika 'lerritory. 22, 344 
Tannin, 518 
Tanning, 187, 724 
'I’apajoz R., 702 
Tapioca, 330 
Tar, 369 

Tar sands, 379, 380, 1010 
Tarentum (Italy), 385 
'farim Basi.n, 83, 291, 299, 466, 
467 

Taro, 94, 95, 286 
Taro yam, 332 
Tartar, 64, 532 
Tasmania (Australia), 119 
Tatar, 294-95 
Taungya, 693, 708 
Tavy, 339, 693 
Taxonomic method, 944, 947 
Tea, 333, 431, 708 
Teak, 125, 201, 708 
Technical civilization, 110.3; 
see also. Industrial civiliza¬ 
tion; Machine civilization; 
Technological civilization 
Technical education, 934 
Techniques, 945, 970; indus¬ 
trial, 434; of learning, 944- 
58; political, 434 
Technological civilization, 423, 
476, 478, 480, 1052, 1053, 
1054, 1056, 1057, 1061, 

1064, 1090, 1091, 1096, 

1108, 1115, 1121, 1143, 

1149, 1150; see also Indus¬ 
trial civilization; Machine 
civilization 

Technology, 93, 94, 95, 96, 99, 
408, 411, 412, 441, 446, 5.58, 
649, 678, 745, 866, 885, 888, 
950, 993, 1031, 1048, 1086, 
1090, 1092, 1093, 1098, 

1100, 1104, 1107, 1109, 

1112, 1115, 1120, 1121, 
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1122, 1127, 1139, 1140, 

1147 

Tcgalan, 343 

Tchiuintcpec, Isthmus of, ^536 
Tc'lcology, 71, 406, 1149 
Temperature, 573, 596-601, 

600, 616; annual inarcli of, 
597; differences in, between 
town and country, 596-97; 
diurnal variation of, 597 
Temple, 12, 76, 3S6 
Tenantry, 266 
Tennessee, 630, 636, 1111 
Tennessee R., 827 
7’enn(‘Ssee \7illev Autlioritv, 
480, 907 
"I’eosinte, 765 
Teotihuacan site, 402 
Termite, 705, 706 
Terracing, 251, 340, 341, 343, 
695; alluvial, 476 
Torres cJiaudcs, 229; T. com- 
munales^ 417 

Tertiary period, 103, 104, 325, 
v351, 353, 354, 454, 943, 1047 
Tet R., 36 
Tethys Sea, 324 
Texas, 2cS, 64, 65, 127, 128, 351, 
352, 353, 354, 358, 359, 360, 
361, 362, 373, 407, 428, 461, 
479, 547, 549, 698, 743, 749, 
766, 769, 925 
Texas City (Tex.), 549 
Texas fever, 360 
Texas and Pacific Railroad, 361 
Thailand, 695, 1060; see also 
Siam 

Thames R., 529 
Thar, 754 
Thanis tribe, 327 
Thebes (Egypt), 385, 881 
Thernata, 179 

Thermal maximum, 281, 282, 
284 

Thermodvnamics, 735, 949, 

1025, 1085 

Thermonuclear bomb, 353 
7’hermonuclear reaction, 461, 
1030, 1113 

Thessaly (Greece), 73, 188 
Thirty Years’ War, 202 
Thomomys, 784 
Thorium, 831, 832, 1029, 1086 
Thorn scrub, 698, 699, 764 
Thorn tree, 237 
Three-awn (grass), 749 
Three-field system, 229, 264 
Thunder, 413, 615, 1055 
Thuringia (Germany), 195, 
248 


Th>me, 188 
7'hvroid, 839, 840 
'Piber R., 168, 388 
Tiberias (Israel), 897 
Tibesti, 306 

Tibet, 281, 289, 290, 766, 863, 
1107 

Tided basin, 518 
Tidal gauge, 917 
Tidal port, 529, 534 
Tidal power, 1076 
Tidal range, 528-30 
Tidelands, 507 

Tien Shan, 289, 293, 299, 1035 
'rieiitsin (China), 369 
Tierra del Fuego, 120, 129, 
1102 

Tie\ ebulliagh (Northern Ire¬ 
land). 225 

Tigris R., 138, 373, 507, 509, 
‘510, 531, 680 
Tikal site, 695 
T'ikopia 1., 95, 98 
4’illage, 56, 652, 976; see also 
Agriculture 
'J'illbury Docks, 529 
l imber, 200, 723 
'l imber Culture Act, 568 
Timc‘, 963, 1055, 1085, 1091, 
1141, 1148; cyclical theory 
of, 1062; geologic, 1114, 
1140; linear theory of, 1062; 
mathematical, 1056 
Time scale, 949, 963, 965, 967, 
968, 1080 
Timonium, 526 
Timor (Indonesia), 710 
Timothy (grass), 731 
'J in, 200, 228, 858, 859, 993, 
1030, 1031 
44para tribe, 327 
Titanium, 858, 1012, 1018, 

1029, 1030 
Titusville (Pa.), 370 
Toad, 800 
Toba, Lake, 695 
Tobacco, 63, 64, 331, 332, 430, 
694, 709 
Tobol R., 1047 
Tocantins R., 702 
Toda tribe, 327, 328 
Tokugawa shogunate, 1096 
Tokyo (Japan), 436, 464, 887 
Tokyo Bay, 464 
Tola (heath ), 63 
Toledo (Spain), 17 
Tolkcmit site, 145 
'Ponkin Delta, 342, 343, 1073 
Tools, 54, 401, 411, 704, 712, 
890, 941, 991, 998, 1036, 


1037, 1052, 1053, 1054, 

1064, 1065, 1089, 1108, 

1115, 1142; Agricultural, 

169, 178 

TopographV, 409, 643 
Topsoil, 392, 644, 734, 745 
Tornado, 459, 568 
Torr (Northern Ireland), 232 
Toscana (Italy), 166 
Toulon (France), 187 
Toulouse (France), 18 
Towns, 384, 385, 396, 4 36, 584; 
agricultural, 383; climate of. 
585—86; establishment of. 
447; meaning of, 436; plan¬ 
ning of, 585, 902 
Trace elements, 487, 843 
Tracers, 552, 847 
Tractor, 362, 375, 957, 1048 
3 rade, 173, 306, 387, 389, 429, 
430, 434; international, 1075 
3Vade routes, 866 
Trade winds, 278 
Traditions, social, 242—46 
Traffic, 390, 872, 875. 877 
Traffic circle, 392 
Tragedy, Greek, 953 
Transcanca.sia (U.S.S.R.), 292 
3’ransfcrability, 868, 871, 877 
'Pranshurnance, 78, 84, 187, 

220, 229, 781, 872 
d'ransjordania, 175, 179 
'Pransmigration, 1057, 1058 
3 ranspiration, 569, 578, 733, 
927 

3''ran.sport, 178, 389 
'Pransportation, 390, 392, 394, 
396, 434, 440, 441, 442, 530, 
531, 585, 744, 862, 863, 864, 
866, 867, 888, 890, 932, 938, 
956, 976, 1116, 1122; pat¬ 
tern of, 873-75 

3’ransvaal ( South Africa ), 860 
3ravancorc (India), 327. 329, 
405 

Travcinunde (Germany). 392 
'Pravertine, 307 
Trawling, 496, 500 
Trehynja, 197 

Tree, 454, 747, 1044, 1046, 
1064, 1150 
Tree cotton, 332 
Tree rings, 124, 548 
Tree yam, 694 
Trephining, 818 
Tribal peoples, 326, 1059; 

pastoral, 475 
Tribulus terrestris, 750 
Trichostema lanceolatum, 750 
Trieste (Italy), 218, 511 
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Trikkala (Greece), 6S3 
Triticum dicoccum, 233 
Tritium, 832, 838 
Trobriand Is., 99 
Trondheim Fjord, 218 
Tropical agriculture, 336, 344, 
345, 417,-431 
Tropical disease, 824 
Tropical rain forest, 734 
Tropical ulcer, 827 
Tropics, 126, 402, 709, 710, 
764, 927 

Truck; see Automobile 
Truth, 1071, 1081, 1149, 1152 
Trypanosomes, 825, 827 
Tryptophan, 669, 670 
Tsunami, 465 

Tuber planting, 283, 285, 297, 
415 

Tuberculosis, 407, 432, 818, 
820, 824, 935, 936, 979 
Tubingen (Germany), 283 
Tufa, 307 

Tukiu tribe, 294—95 
Tulsa (Okla.), 594, 597 
Tundra, 53, 135, 136, 279, 281, 
785, 786 

Tungshan (China), 532 
Tungsten, 858, 1029, 1030 
Tunisia, 175, 284 
Turan, 279, 282, 286, 287, 299 
Turbine pump, 558, 1075 
Turbulence, 601, 603 
Turkestan, 119, 168, 169 
Turkestan bluestems, 747 
Turkey, 81, 1035 
Turks, 64 
Turnip, 261 
Tuscany (Italy), 187 
Tussock grassland, 737, 738, 
751, 753, 754 
Tuyiihun tribe, 294—95 
Twentieth Century Fund, 999 
Twenty-inch rainfall line, 1044 
Twitch (grass), 755 
Tyne R., 440 
Tyneside (England), 440 
Types, ecological, 506, 507 
Typhoid, 432, 764, 808, 812, 
825, 935 
Typhoon, 458 
Typhus, 818, 824, 825 
Tyre (Lebanon), 385, 525, 
526, 997 
Tyrol Mts., 265 
Tyrone, County (Northern Ire¬ 
land), 227, 235 

Uaxactun site, 695 
Ubi kayu, 694 


Uetteratli (Germany), 235 
Uganda, 693 
Uigur tribe, 294—95 
Ukraine (U.S.S.R.), 204, 731, 

866, 1037, 1042, 1049 
Ulex europaeus, 755 
Ulm (Germany), 920 
Vma, 693 

Umma, 384 

Umwertung oiler Werte, 1097 
Underdeveloped areas, 421, 
807, 980, 981, 984, 985, 
1029, 1112 

Underdeveloped countries, 
934, 982, 991, 993 
Underdeveloped lands, 983 
Underdeveloped peoples, 1126 
Unimak (Alaska), 465 
United Nations, 677, 972, 973, 
974, 980, 1046, 1086, 1118 
United States, 6, 28, 29, 60, 64, 
66, 79, 83, 84, 120, 121, 124, 
125, 126, 281, 282, 356, 357, 
358, 359, 361, 362, 370, 372, 
373, 374, 376, 379, 380, 390, 
404, 405, 412, 413, 419, 427, 
428, 434, 435, 437, 438, 439, 
441, 443, 448, 459, 464, 468, 
476, 494, 496, 531, 533, 534, 
535, 538, 546, 547, 548, 552, 
554, 572, 613, 614, 616, 640, 
642, 646, 654, 657, 662, 663, 
679, 680, 684, 685, 690, 709, 
723, 728, 731, 732, 750, 782, 
783, 786, 796, 799, 807, 808, 
809, 812, 813, 821, 826, 844, 
845, 855, 858, 864, 865, 866, 

867, 868, 871, 873, 875, 877, 
884, 886, 887, 889, 900, 901, 
903, 907, 921, 922, 923, 925, 
926, 933, 934, 935, 937, 938, 
939, 941, 956, 987, 988, 989, 


991, 

993, 994, 1006, 

1012, 

1013, 

1024, 

1025, 

1027, 

1036, 

1038, 

1040, 

1044, 

1046, 

1048, 

1049, 

1063, 

1072, 

1075, 

1076, 

1078, 

1085, 

1102, 

1103, 

1108, 

1110, 

1111, 

1112, 

1114, 

1117, 

1119, 

1126, 

1132, 

1150 




United 

States 

Chamber of 

Commerce, 1005 


United 

States 

Range 

Live- 

stock 

Experiment Station, 

745 




United 

States 

Rubber 

Com- 


pany, 430 

United States Steel Corpora¬ 
tion, 554 


Universe, 1119, 1125 
Uppsala (Sweden), 596, 597 
Upwelling, 488, 489, 490, 501 
Ur, 510 

Ural Mts., 1047, 1049 
Urambo (Tanganyika), 344 
Uranium, 360, 362, 831, 832, 
855, 1011, 1029, 1076, 1086, 
1150 

Urban fringe, 476, 889 
Urban land needs, 886-90 
Urban life, 475 
Urban-rural balance, 395-97 
Urbanism, 228, 382 
Urbanization, 242, 330, 382, 
383, 384, 388, 389, 390, 391, 
392, 397, 421, 425, 439, 445, 
447, 585, 586, 650, 881, 883, 
886, 890, 896, 934, 1049, 
1079; industrial, 589 
Urbarmachung, 195, 202 
Urdi highlands, 306 
Urosalpinx cinerea, 794 
Uruguay, 692 
Urundi people, 342 
Usselo site, 136 
U.S.S.R., 279, 281, 570, 973, 
974, 978, 983, 993, 1027, 
1035-51, 1075; see also Rus¬ 
sia; Soviet Union 
Utah, 379, 554, 780, 783, 784, 
860 

Utah State Centenary Celebra¬ 
tion, 783 
Utc Indians, 115 
Uttar Pradesh (India), 327 
Uweinat massif, 317 


Vaccinium, 785 
Valonia oak, 184 


Values, 422, 423, 444, 445, 446, 

942, 

950, 951, 952, 

954, 

1005, 

1006, 

1052, 

1053, 

1054, 

1057, 

1060, 

1062, 

1082, 

1084, 

1087, 

1100, 

1101, 

1102, 

1104, 

1105, 

1106, 

1107, 

1108, 

1109, 

1111, 

1112, 

1123, 

1124, 

1132, 

1133, 1144, 1145 


Vanadium, 852, 1029 
Vandals, 179, 186 
Varna, 326 
Varve, 139, 142 
Vastinae, 190 
Vazimba people, 711 
Vedic hymns, 1055 
Vegetable oil, 390, 1014 
Vegetation, 115, 412, 429, 454, 
630, 643, 657, 684, 688, 690, 
939, 1044, 1073; burning of. 
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115, 118, 119, 120, 121, 122, 
123, 129, 578; change in, 
578, 700; dependence of 
man upon, 677; destnu-tion 
of, 688; dynamic quality of, 
677; effect of fire on, 413; 
effect of man upon, 474, 678; 
natural, 477, 478, 516; sur¬ 
plus growth of, 432; world 
distribution of, 677 
Veld, 124, 737 
Venetian Republic. 187 
Venezuela, 78, 121, 373, 68.9, 
693, 798, 859 

Venice (Italy). 34, 187, 511, 
527, 818, 881 
Vermont, 873 
Vero site, 125 
Vertebrates, 794, 797-800 
Vesuvius, Mt., 461, 462 
Viburnum, 325 
Victoria (Australia), 737 
Victoria, Lake, 337 
Vienna (Austria), 278, 373, 
415, 589 
Vietnamese, 345 
Vigna sinensis, 332 
Vikings, 781, 1104 
Villae novae, 195 
Villa franchian period, 105 
Village, 258, 264, 382, 383, 
384, 385, 386; abandonment 
of, 267; deserted, 419, 711; 
farming in, 405; features of, 
382; groves and gardens in, 
695; and hamlet, 234—36; 
industrial, 443; retreat of, 
949 

Village communities, 1038 
Villes neuves, 194 
Vindhya Pradesh (India), 327 
Vine yarns, 694 
Vinegarweed, 750 
Vineyard, 166, 492 
Virgin, cult of, 446 
Virgin Mary, 222 
Virgin Is., 800 

Virginia, 63, 118,362, 369, 373, 
547, 597, 865, 942, 1063 
Virginian Railroad, 865 
Virus, 738, 744, 820, 825, 827 
Vishnu (God), 326 
Visigoths, 179 
Vistula R., 138, 195 
Visual range, 590-92 
Vital statistics, 976, 985 
Vdlkertvanderung, 64 
Volcano, 116, 461, 462, 463, 
585, 590, 852 
Voles. 784 


Volga R., 123, 206, 207, 292, 
509. 517, 534, 1048 
Vologda (U.S.S.R.),208 
Voronesh (U.S.S.R.), 1042 
Vosges R., 229 
Votyak people, 208 
Vulcanism, 454, 504 

Wadden Sea, 512, 513 
Wadi, 307, 313, 456, 460, 461 
W adi Tefezzezat ( Sahara), 
307 

Wadi Tileinsi (Sahara), 307 
Wadis bilania, 307 
Waipio Valley (Hawaii), 94 
Wakataipu, Lake, 754 
Wales, 165, 220, 229, 372, 821, 
886, 887, 976, 979 
Wall, 385, 386, 390; of Had¬ 
rian, 172; of stone, 424 
Walnut, 170, 352 
Walrus, 492, 494 
Walsingham (England), 404 
Walzenbeil, 285 
Wapiti, 754 

War, 41, 161, 818, 825, 932, 
936, 956, 971, 976, 988, 
1029, 1097, 1105, 1112, 

1140, 1143, 1147; against 
nature, 1050 
War chariot, 291, 292 
Warli tribe, 327 
Warsaw (Poland), 436 
Warta, R., 267 
Wasatch Mts., 623, 784 
Wash, the, 514 
Washington, 868 
Washington (D.C.), 394, 437, 
584, 677 

Washington (D.C.) Conven¬ 
tion (1946), 495 
Waste, 480, 827, 997, 1147; 
di.sposal of, 552, 807, 1078; 
industrial, 519, 543, 551,558, 
581, 989; inorganic, 552; or¬ 
ganic, 551, 558, 813; radio¬ 
active, 552, 842; urban, 479; 
of water, 424, 425, 814 
Water, 153, 379, 388, 409, 430, 
444, 472,478,479, 480, 542- 
64, 573, 607, 615, 621, 622. 
651. 653, 654, 656, 697, 741, 
783, 808, 811, 812, 823, 825, 
866, 918, 937, 942, 948, 987, 
996, 997, 1017, 1020, 1021, 
1023, 1047, 1048, 1063, 

1071, 1074-75, 1085, 1114, 
1146; circulation of, 544, 
545, 548, 553; competition 
for, 557, 924; control of, 84, 
402, 646, 682; deficiency in. 


573, 576; disposal of, 581; 
and economy, 572, 578, 921; 
geologic, 925; heavy, 1021, 
1078; level of, 542; limits to 
sourc^es of, 607; management 
of, 152; mining of, 925; out¬ 
flow of, 473; problem of, 
478-80; shortage of, 395, 

6.57, 658, 1017; spreading of, 
.549, 551, 680; storage of, 
.577; supply of, 390, .531, 695, 
841; surplus of, .573, 575, 
.576, .582; transport of, 440, 
87.5; underground, 549, 83.3, 
1074 

Water balance, 576 

Water battle, .531 

Water budget, .57.5 

Water buffalo, 4.30 

Water carriage, 808—11 

Water catc.‘hment, 396 

Water communications, 3.56 

Water culture, 666 

Water cycle*, 478 

Water main, .387 

Water navigation, 393 

Water power, 390-91 

Water resources, .543, .546, .557, 

5.58, 983 

Water rights, ,543 
Water snail, 822 
Water table, 319, 476, 548, 
551, .5.54, .573, 656, 751 
Water vapor, 573, .595, 601 
Waterbiick, 309 
Watershed associations, 924 
Watershed development, 921— 
26 

Waterways: as barriers, .5.38— 
39; intercoastal, 531, 533 
Wattles, 516 

Wayne County Airport, .592 
Weald ( England ), 200 
Wear R., .528 

Weather, 409, 608, 663; and 
climate, 457—60; control of, 
568, 614; forecasting of, 609; 
modification in, 1075; pe¬ 
riodic cycles of, 616; proc¬ 
esses of, 506 

Weather Bureau (U.S.), 35.3 
Weather “factory,'* 1041 
Weed, 684, 704, 738, 740, 744, 
745, 747, 750, 764, 766, 769, 
772, 773, 791 
Weeping lovegrass, 747 
Wei R., 43 

Weingarten ( Germany ), 241, 
248 

Welfare, human, 882 
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Well, 320, 403, 543, 549, 553, 
558, 738, 925, 928 
Welland (England), 514 
Welland Canal, 538, 798 
Wellton (Ariz.), 553 
Welsh, 231 
Weltstoff^, 111 
Welwyn (England), 396 
Wenner-Gren Foundation for 
Anthropological Research, 
502, 1052, 1131, 1135 
Weser Basin, 198 
West Africa, 176, 706, 708 
West Bengal (India), 327 
West Germany, 267 
West Indies, 799, 826, 927 
West Torr (Northern Ireland), 
232 

West Virginia, 116, 373, 865, 
867 

Westchester County (N.Y.), 
413 

Western Ghats, 330 
Western meadow lark, 728 
Western Union Tt*legraph 
Company, 376 
Western yellow pine, 124 
Westcrwald massif, 195 
Westphalia (Germany), 235 
Westphalia without Munster- 
land (Germany), 247 
“Wet dock,” 529, 534 
Whale, 490, 495, 499; blue, 
494; bowhead, 492; finback, 
494; “Greenland,” 492; 
humpback, 491, 494; right, 
491, 493; rorqual, 491, 494; 
sperm. 488, 491, 492, 493, 
501; white, 494, 1147 
Whale fishery, 491 
Whale oil, 371, 375, 490, 495 
Whalebone, 493 
Wlialing: arctic, 492—94; early 
American, 490—91; modern, 
494-95 

Wheat, 58, 59, 61, 139, 158, 
225, 231, 233, 255, 286, 291, 
316, 317, 330, 331, 333, 353, 
358, 359, 361, 388, 428, 438, 
458, 538, 764, 765, 783, 883, 
866, 872, 1079; protein con¬ 
tent of, 428, 443 
Wheat Belt (U.S.), 863 
Wlieat grasses, 739, 746, 755 
White clover, 731 
White pine, 419, 722, 724 
White Plains (N.Y.), 413 
White Sea, 207, 535 
White-stemmed filaree, 750 
Wichita Mts., 128 
Wiedehauern, 145 


Wild oat, 750 
Wild ive, 749 
Wildlife, 518, 908, 1004 
Wildlife management, 690, 
938, 1110 

Wilkes-Barre (Pa.), 370, 371, 
372 

Willow, 785 

Wilmington (Del.), 394 
Wind, 226, 307, 314, 459, 478, 
506, 516, 573, 1041 
Wind erosion, 84 
Wind field, 602 
W'^ind power, 390 
Wind River Basin, 640, 641 
Wind speed, 602 
Wind tunnel, 964 
Windmill, 173, 514, 738, 741 
Windmill Hill culture, 223 
Wirtschaftsgeist, 245 
Wisconsin, 126, 127, 724, 726, 
779, 780, 811, 948 
Wisconsin lamd Economic Sur¬ 
vey, 726 
itchcraft, 818 

Witwatersrand (South Africa), 
860; University of, 116 
Woad, 765 
\^^olf, 730, 746 
Wood, 992 
Wood lots, 727, 996 
Wood pulp, 989 
Woodland, 56, 59, 183, 187, 
255, 416, 419; see also Forest 
Wool, 265, 360, 390, 750, 782, 
786, 992 

World Health Organization, 
817 

World Symposium on Applied 
Solar Energy, 1020 
World War I, 746, 980, 1098, 
1104 

World War II, 171, 361, 362, 
396, 403, 517, 542, 608, 710, 
872, 884, 887, 979, 981, 987, 
1046, 1049 

Wiirm phase, 314, 315 
Wiirttemberg (Germany), 247 
WUrttemberg-Baden (Ger¬ 
many), 249 

Wiistungen, 198, 263, 267 
Wuhuan tribe, 294—95 
W^usun tribe, 293, 294-95 
Wyanaad (India), 328, 329, 
334 

Wyoming, 379, 423, 639, 640, 
'745, 764, 924 

Xeric conditions, 724, 730, 734, 
781 

Xerophyte, 698, 782 


Xerothennic period, 731 
Xingu R., 702 

Yahgari In lians, 120 
Yak, 866 

Yakutat Ba} (Alaska), 463 
Yale Univer ity, 125 
Yam, 324, 32-, 330. 694, 704 
Yamen, 24 

Yangtze R., 41 531,532 

Yao (culture h ro), 402 
Yaroslave (U.S S.R.), 208 
Yarrow, 764 
Yaws, 824, 827 
Yearbooks, statistical, 975 
Yeast, 764, 790, 1085 
Yellow birch, 724 
Yellow fever, 788, 789, 824, 
825, 826, 827 
Yellow R.; see Hwang Ho 
Yellow Sea, 170, 279, 281, 294- 
95 

Yemen, 287, 297. 306, 319 
Yemen Highland, 284 
Yemen Jauf, 319 
Yenisei C'styaks, 293 
Yenisei R.. 281, 1041, 1047 
Yof (Senegal), 7 
Yokohama (Japan), 436, 464, 
527, 537 
Yokut people, 98 
Yonne R., 195 
York (England), 160 
Yorkshire (England), 784 
Yorkshire fog, 755 
Yttrium, 836 
Yu (culture hero), 402 
Yucatan (Me::ico), 62, 122, 
159, 161, 692, 693, 705 
Yiimcn Passage, 294—95 
Yugoslavia, 203 
Yunnan (China), 278 

Zacatecas (Mexico), 63 
Zacynthos (Greece), 184 
Zadruga, 21, 23 
Zdhmen, 415 
Zanzibar, 168, 172 
Zebra, 413, 703 
Zebu, 317, 700 

Zinc, 443, 852, 853, 857, 858, 
988, 989, 993, 998, 1023, 
1031 

Zirconium, 836 
Zoology, 109, 1053 
Zurich ( Switzerland), 33 
Zuider Zee, 34, 35, 460, 5/2, 
513 

Zulu, 40 

Zuni prairie dog, 748 
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